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wenty first century will, in no doubt, be 'a dawn of challenges' for the

Tnew generation. Our quality of life and economy in future years
depends on how well our youngsters are utilising the resources of today's
learning. Students need a breeding ground to sharpen their existing skills,
acquire new skills, conceive and experiment with new ideas, enhance the curiosity
levels and perfect their independent pursuit of knowledge. Today's children are
tomorrow's youth and hence the beginning should be made from the very basic of

education.

To majority of the society, quality education is a passport to comfortable
and secure life. It is right that education should provide hope and open avenues
for a secure future. It should create intelligent, hardworking and productive men
and women for our society. Education should enable youngsters to become
contributing members of the society through knowledge, skills and character
development; provide access to first-rate training for people of all ages and
backgrbunds, and make it possible for them to compete in a global economy. To
achieve this, our courses and syllabi should emphasise relevance and application
to the real world. In a knowledge based society, the content and process of
education has to undergo continuous reorganization and upgradation. Unless
the system of education works properly - at all stages of education, in all parts of
the country - the ambitious programme of educational reform envisaged in
National Policy on Education! (1986) will come to a naught. So we need a total
radical overhaul of the system.
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The learning of mathematics can provide a basic preparation for full
participation as a functional member of society.  Furthermore, a solid
mathematical preparation offers to the student an entry into a wide array of career
choices. Therefore, from a societal perspective, mathematical competence is both
an essential component of the preparation of an informed citizenry and a requisite
for the education of personnel required by industry, technology, engineering and

science.

The study of mathematics occupies a central place in the school
programmes of all countries. It is therefore estimated that in most school systems
15 to 20 percent of instructional time is devoted to the learning of mathematics
(Travers?, 1994). The importance afforded to mathematics in the school
curriculum reflects the vital role of it in the contemporary society. But in our
society, which is developing very fast on account of advances in science and
technology, a subject of concern in the school curriculum is often mathematics.
As mathematics is a highly structured body of knowledge, there is an inherent
difficulty for many of the children to keep up-to-date with the learning of the
subject. Though a permanent solution has not been emerged, the importance of

making mathematics learning more effective cannot be overlooked.
11. NEED AND SIGNIFICANCE OF THE STUDY

In a rapidly developing country like India which is surging fast in the new
- millennium, the whole system of education revolves round the academic
achievement, though various other outcomes are also expected from the system.
Thus a lot of time and effort of the schools are used for helping students to
achieve better in their scholastic endeavours. Inspite of this, our students are
achieving low in various Subjects. But this variation in achievement is found so

much in mathematics. Eventhough many attempts were made to improve the
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level of attainment, there seems to exist mainly three categories of students viz.,

high-, average- and low- achievers.

For the present era, children with special abilities are in great demand
because India needs for her challenging future a host of creative scientists,
innovative planhers, intuitive technocrats and intelligent politicians. The progress
of a nation in various fields largely depends on how these special abilities are
nurtured and how they are used in the development of society. The students
having surpassing abilities become stars with plus factors while those having
weaker abilities are considered just a burden in our classrooms. The low
achievers do form a potential threat not only to the teachers in the classroom, to
educationists developing new theories, to administrators intending to solve the
problems in the schools but also to the society and ultimately to the welfare of the

country as a whole.

The importance of achievement has raised several questions for
educational researchers like 'what are the psychological factors that promote
achievement in students?' and 'how far do the different factors contribute towards
academic achievement ?'. Researchers have come out with varied results to the
above questions, at times complementing each other, but at times contradicting
each other. Some of the factors, which creates the disparity in achievement
identified by Lalithamma3 (1975), Katiyar! (1979), Patel> (1984), Kumari® (1985),
Narayanan’ (1987), Madhavan? (1990), Gupfa9 (1992), Montague and Applegatel?
(1993), Beheral! (1998) and Deshmukh!?2 (2000) are intelligence, numerical
reasoning, inducto-deductive reasoning, -achievement motivation, attitude,

anxiety, problem solving ability, creativity and self-concept.

Though only a few among the above cited studies have pinpointed their
attention on the achievement in mathematics, it can be said that mathematics

achievement of a child is caused, promoted and affected by various factors
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including those arising out of the person or self, teaching -learning set up, subjects
of study and so on. Identification of these variables contributing prominantly to
educational achievement is the necessity of this time of unprecedented expansion
of the educational system, the enormous financial investments in schools and for

pointing out priority areas of educational exbenditure.

A review of the previous studies revealed that variables like numerical
reasoning, ability to use symbols, spatial ability, abstract reasoning, inductive
reasoning, deductive reasoning, problem solving ability, creativity, mathematics
interest, self-concept, attitude towards mathematics, attitude towards academic
work, mathematics anxiety, achievement motivation etc. which can be labelled as
psychological variables, are significant for achievement in mathematics.
Achievement in mathematics is correlated with numerical reasoning (Patel®, 1984;
Dubey?3, 1987; Malinil4, 1995), ability to use symbols (Malini'4, 1995; Sumangalal®,
1995), spatial ability (Tracy'®, 1987, Waxman, et alt7., 1996; Seokhooh & Betty?s,
2000), abstract reasoning (Jain!®, 1979; Bhattacharya®, 1986; Sumangala’s, 1995),
inductive reasoning (Malhotra?!, 1982; Kumari, 1985), deductive reasoning
(Malhotra?!, 1982; Kumari, 1985; Mathews22, 1996), problem solving ability (Das2,
1978; Montague, et al?., 1992; Lawson .& Chinnappan®, 1994), creativity
(Panicker?, 1979; Tuli¥, 1985, Ronna & George?, 1999) and anxiety
(Somasundaram?, 1980; Hadfield, et al®0.,, 1992; Patel’!, 1997) are some of such
studies. Studies conducted on the relationship of achievement in mathematics
with self-concept, attitude towards mathematics, attitude towards academic work,
anxiety and achievement motivation have rendered conflicting results.  The
review of studies also revealed that studies relating achievement in mathematics

with interest, inductive reasoning and deductive reasoning are very few.

Thus the above cited psychological variables are of much concern to all

those who work with mathematics education. Though the nature of relationship
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of some of these variables with achievement in mathematics had been studied
individually by many researchers, but an endeavour to examine the influence of
the psychological variables collectively on achievement in mathematics is
practically lacking. Hence the investigator made an attempt to find out the
influence or contribution of a select set of psychological variables to achievement
in mathematics and hence to identify the significant predictors of it. The
investigator also thinks that these psychological variables are interacting with one
another and hence they have combined influence on the achievement in
mathematics. If adequately understood, these psychological variables can be used
to predict the achievement in mathematics from a select set of psychological
variables. Getting a clear picture about the psychological variables which are
highly efficient in predicting achievement in mathematics and those which are
comparatively less important, will help to enhance the insight of teachers and of

others concerned with mathematics education.

From a select set of psychological variables which are efficient to predict
achievement in mathematics, it is possible to discern the specific combinations of
variables which cause different levels of attainment in mathematics viz., high-,
average- and low- achievers. This will enable one for a better understanding of
the causes of varying levels of achievement in mathematics. As it is felt that the
interrelation of the select psychological variables and their effect on achievement
in mathematics vary between high-, average and low-achievers, it is necessary to
find out the combination of the psychological variables that differentiate high-,
average-, and low- achievers in the subject. The investigator hopes that once these
psychological factor structures of high-, average- and low- achievers are
identified, this will help to take up psychologically and educationally sound
principles for facilitating achievement in mathematics. That is, it will help to
adopt suitable measures such as fixing the expected level of objectives of

mathematics learning to be achieved, choice of teaching-learning strategies,
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arrangement of curricular materials, preparation of resource materials for
teaching - learning etc. in connection with the psychological set up of the pupils

which may lead to the total improvement of the educational system.

Hence, in the present study, the investigator made an indepth analysis
with psychological variables as predictors of Achievement in Mathematics
through different techniques.

1.2. STATEMENT OF THE PROBLEM

_ The problem for the present investigation is worded as "CERTAIN
PSYCHOLOGICAL VARIABLES AS PREDICTORS OF ACHIEVEMENT IN
MATHEMATICS OF SECONDARY SCHOOL PUPILS OF KERALA."

1.3. DEFINITION OF KEY TERMS

The key terms of the title are defined below for their operational meaning

in the study and hence for a better perspective of the study.
1.3.1. Psychological Variables

Psychological Variables connote a set of cognitive and affective variables
related to the thinking and feeling dimensions like aptitude, inductive reasoning,

deductive reasoning, problem solving ability, interest, attitude, anxiety etc.
1.3.2. Predictors

Predictors are the set of variables, thehxowledge of which helps to predict
or infer effectively the dependent or criterion variable of the study by means of

statistical treatments.
1.3.3. Achievement in Mathematics

Achievement in Mathematics refers to the relative accomplishment or
proficiency of performance in Mathematics as measured by a standardised test of

Achievement in Mathematics.
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1.3.4. Secondary School Pupils

Secondary School Pupils stands for the pupils attending classes VIIL IX and

X of the recognized High schools of Kerala.

1.4. VARIABLES

The study is designed with Achievement in Mathematics as the criterion

(dependent) variable and the below listed sixteen psychological variables as

predictor (independent) variables.

xiv)
XV)

xvi)

The predictor (independent) variables of the study are the following:

Numerical Reasoning

Ability to use Symbols

Spatial Ability

Abstract Reasoning

Inductive Reasoning

Deductive Reasoning

Problem Solving Ability in Mathematics
Fluency

Flexibility

Originality

Mathematics Interest
Self-Concept in Mathematics
Attitude towards Mathematics
Attitude towards Academic Work
Mathematics Anxiety

Achievement Motivation in Mathematics
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1.5. OBJECTIVES

The study was designed with the major objective viz., "to test for the ability

of each select psychological variable in predicting significantly Achievement in

Mathematics of secondary school pupils and hence to identify the significant

predictors of Achievement in Mathematics."

The above major objective was tested by means of the following statistical

procedures, the results of each of which led to the answering of the major

objective of the study.

i)

iil)

Test of significance of the effect of each psychological variable on
Achievement in Mathematics which indirectly indicates the possible
relation of the psychological variables with Achievement in Mathematics
and hence of the possible predictability.

Estimation of the relationship of each psychological variable with
Achievement in Mathematics which suggests the extent of predictability of
the psychological variables.

Identification of the significant psychological predictors of Achievement in
Mathematics by regression analysis and thereby estimation of the
predictive efficiency of the significant predictors in predicting
Achievement in Mathematics.

Derivation of the linear discriminant functions in terms of the significant
predictors and hence of their effectiveness in predicting group membership
like High-, Average- and Low- Achievers in Mathematics.

Identification of the factor structures of High-, Average- and Low-
Achievers in Mathematics and thereby a comparison of the significant
predictors' standing (in terms of factor loadings and communalities) in the

three factor structures.
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1.6. HYPOTHESES

The major hypothesis set for the present study was "Achievement in

Mathematics of secondary school pupils can be significantly predicted by means

of the select set of psychological variables."

The major hypothesis was tested by framing the following hypotheses, the

testing of each of which is analogous to the testing of the major hypothesis.

i)

i)

iii)

iv)

Each select psychological variable has significant effect on Achievement in
Mathematics.

Significant relationship exists between each psychological variable and
Achievement in Mathematics.

Achievement in Mathematics can- be significantly predicted by a
combination of the predictor variables.

Group membership as High-, Average- and Low- Achievers in
Mathematics can be effectively predicted using linear discriminant
functions in terms of the significant predictor variables of ACMevéﬁént in
Mathematics.

The position of significant predictors of Achievement in Mathematics in the
psychological factor structure of the groups High-, Average- and Low-
Achievers will be different in terms of factor loadings and hence of

communalities.

1.7. METHODOLOGY

1.7.1. Sample

The study was conducted on a final sample of 500 (consisting of 244 boys

and 256 girls) secondary school pupils of Kerala. The sample was selected from

12 secondary schools of six different districts of Kerala viz., Thiruvananthapuram,
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Kollam, Thrissur, Malappuram, Kozhikode and Kannur by using stratified
sampling technique.

1.7.2. Tools

The following are the tools that were used to measure the variables of the

study.

i) Test of Achievement in Mathematics (Constructed and Standardised by the
investigator).

ii) Test of Numerical Reasoning (Sumangala and Malini, 1993).

iii)  Test of Ability to use Symbols (Sumangala and Malini, 1993)

iv)  Test of Spatial Ability (Sumangala and Malini, 1993).

v) Test of Abstract Reasoning (Sumangala and Malini, 1993).

vi)  Test of Inductive Reasoning (Constructed and Standardised by the
investigator).

vii) Test of Deductive Reasoning (Constructed and Standardised by the
investigator).

viii) Test of Problem Solving Ability in Mathematics (Sumangala and
Vijayakumari, 1996).

ix)  Test of Mathematical Creativity (Sumangala, 1993).

X) Mathematics Interest Inventory (Sumangala and Vijayakumari, 1996).

xi)  Scale of Self-Concept in Mathematics (Sumangala and Malini, 1993).

xii)  Scale of Attitude towards Mathematics (Sumangala and Sunny, 1987).

xiii) Scale of Attitude towards Academic Work (Constructed and Standardised
by the investigator).

xiv)  Scale of Mathematics Anxiety (Sumangala and Malini, 1993).

xv) Scale of Achievement Motivation in Mathematics (Sumangala and

Vijayakumari, 1996).
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1.7.3. Statistical Techniques
Major statistical techniques used in the analysis of data are the following:

One-way Analysis of Variance.
Pearson's Product Moment Coefficient of Correlation.
Stepwise Regression Analysis.

Discriminant Function Analysis.

U o

Factor Analysis.
1.8. SCOPE OF THE STUDY

The present study is on certain psychological variables as predictors of
Achievement in Mathematics of secondary school pupils of Kerala. The
relationship of Achievement in Mathematics with each of the sixteen
psychological variables studied in terms of Pearson's r and its interpretations
disclose the extent to which Achievement in Mathematics is determined by the
above psychological variables. Stepwise regression analysis is used to identify the
significant predictor variables of Achievement in Mathematics from among the
psychological variables. The coefficient of determination R? was estimated to
know the extent of predictive efficiency of the predictor variables. The multiple
regression equation developed by the present study will help in the selection of
pupils with high achievement in mathematics for courses which demand high
ability in mathematics. This will also help the educators to identify pupils with
low achievement in mathematics for giving compensatory education so that their

difficulties in learning mathematics is ameliorated.

The extent to which the High-, Average- and Low- Achievers in
Mathematics can be differentiated using the above identified significant predictor
variables was studied by developing the discriminant functions in terms of
significant predictors. Discriminant function analysis will also reveal the
comparative role of significant predictors in effecting High-, Average- and Low-
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Achievement in Mathematics. Further the psychological factor structure of High-,
Average- and Low- Achievers in Mathematics was studied by factor analysis to
expose the distinctive interaction of the psychological variables within the three
achievement groups. Thus using different techniques the ability of each
psychological variable in predicting Achievement in Mathematics of secondary
school pupils is studied.

The sample for the study is a representative group of secondary school
pupils drawn by the stratified sampling technique from 12 secondary schools of
different parts of Kerala. By these, the investigator hopes that the findings of the

present study are valid and are generalizable to a considerable extent.
1.9. LIMITATIONS OF THE STUDY

Though considerable effort has been made to make the study generalizable
and precise as possible, there are certain limitations. The occured limitations are

the following.

1. Eventhough the population of the present study comprise of all the
secondary school pupils of Kerala, the sample for the study was confined
to six districts of Kerala viz.,, Thiruvananthapuram, Kollam, Thrissur,
Malappuram, Kozhikode and Kannur, for practical reasons.

2. Though 'secondary school pupils' comprise of standards VIII, IX and X, the
study was limited to students of standard IX only assuming that it is the
representative of the three standards. -

3. Though the study used the sample of standard IX pupils, the 'Test of
Achievement in Mathematics' was prepared based on the content of
standard VIII Mathematics so as to conduct the data collection during the
initial phase of the academic year considering the convenience of both the

investigator and of the authorities of select schools.
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4. Only those psychological variables which the investigator found had a
considerable influence on Achievement in Mathematics were selected as

the predictor variables of Achievement in Mathematics.

Inspite of the above limitations, the investigator hopes that the findings of
the present study will yield valuable contributions to the theory and practice of

education.
1.10. ORGANIZATION OF THE REPORT
The report of the study is organized in five chapters.

Chapter 1 presents the need and significance of the study, statement of the
problem, definition of key terms, variables, objectives, hypotheses, methodology,
scope and limitations of the study.

Chapter II presents a detailed review of studies on the relation of select

psychological variables with academic achievement.

Chapter 1II presents the methodology used for the study in detail. This
chapter comprises description of variables, tools used for the collection of data,
sample used, data collection procedure and the statistical techniques used for the

analysis.

Chapter IV deals with the analysis of the data in detail. Apart from the
hjrpotheses and preliminary statistical analysis of the data, this chapter presents
the results of one-way analysis of variance, correlational analysis, multiple
regression analysis, discriminant function analysis and factor analysis. Major
findings of the study are Sﬁﬁ\mated at the end along with ténability of hypotheses
set for the study.

Chapter V deals with the major fhldings, conclusions drawn, educational
implications of the findings and suggestions for further research in the area.
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REVIEW OF RELATED LITERATURE
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eview of literature related to the area of investigation is a significant

Rand essential part of any research work as this serves multiple
purposes like knowing what others have learned from similar research problems,
elimination of the duplication of the research, guidance regarding the definition
and significance of research problems, formation of appropriate hypotheses and

provision of helpful suggestions for significant investigations.

The present investigation is an attempt to study some psychological
variables as predictors of Achievement in Mathematics of secondary school pupils
of Kerala. The investigator has therefore made a review of the studies in the area
of academic achievement in relation with thé select psychological variables. The
reviewed studies are presented in this chapter for their details and findings under
the heading viz., Psychological variables and Academic Achievement.

21. PSYCHOLOGICAL VARIABLES AND ACADEMIC ACHIEVEMENT

Based on the psychological variables, selected for the study, studies are

presented under nine headings viz.,

Aptitudinal Variables and Academic Achievement.
Inductive-Deductive Reasoning and Academic Achievement.
Problem Solving Ability and Academic Achievement.
Creativity and Academic Achievement

Interest and Academic Achievement -

AN U S o A

Self-Concept and Academic Achievement
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7. Attitudinal Variables and Academic Achievement
8. Anxiety and Academic Achievement.

9. Achievement Motivation and Academic Achievement.
21.1. Aptitudinal Variables and Academic Achievement

An aptitude is a combination of characteristics indicative of an individual's
~ capacity to acquire some specific knowledge, skill or organised responses such as
the ability to speak a language, to become a musician, to do mechanical work etc.
According to Brown! (1976) mathematical aptitude is a set of interrelated skills,
abilities and characteristics basically inherent and that enable an individual to
acquire better mathematical skills. As such mathematics aptitude of an individual
means the potential ability of that person to deal with mathematical abstracts and
to engage successfully in mathematical activities that involve numerical ability,

numerical reasoning, ability to use symbols, spatial ability and abstract reasoning.

Studies which explored the relation between aptitudinal “variables
(Numerical Reasoning, Ability to use Symbols, Spatial Ability and Abstract
Reasoning) and academic achievement are presented below with the relevant

findings of each.

Jain? (1979) carried out a study on significant correlates of high school
failures in mathematics and English, and found that abilities like abstract

reasoning and numerical ability play a vital role in the learning of mathematics.

Katiyar?® (1979) conducted a study on the five cognitive functions viz.,
abstract reasoning, numerical reasoning, numerical ability, space relations and
substitution of symbols in relation to achievement in mathematics using a sample
of 600 boys and 600 girls. The factor loadings obtained after factor analysis

suggested that numerical reasoning and numerical ability occupies prominent
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place among the five cognitive functions in contributing to achievement in

mathematics.

Pillai* (1981) studied sex differences in certain personality and aptitudinal
dimensions related to science achievement and found that aptitudinal variables
such as number series, science information, formulation, spatial ability, verbal
comprehension and interpretation are significantly related with science

achievement for both the sex groups viz., boys and girls.

Consuegra® (1982) in a study of gifted children reported that the obvious
- characteristics of the gifted in mathematics are propensity towards quantitative
rélaﬁonships and the use of numbers and that gifted pupils are capable of abstract
thinking.

Singh¢ (1983) examined the relation of memory, symbolic representation
and some other mental abilities with achievement in chemistry, using a sample of
400 B.Sc students, male and female from the eastern districts of Uttar Pradesh and
found that memory, symbolic representation and reasoning ability have positive

influence on the students' achievements in chemistry at graduation level.

Patel’ (1984) studied mathematics achievement in the context of some
cognitive and affective variables and obtained that among the five cognitive
functions studied in relation to mathematics achievement, numerical reasoning

and numerical ability occupy the prominent place.

Mehna? (1985) found that the multiple correlations of science aptitude,
abstract reasoning and numerical ability with science achievement (for the three

science subjects) are significant at 0.01 level.

Bhattacharya's’ (1986) study revealed that abstract reasoning and

mathematics achievement are positively correlated.
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Dubey10 (1987) studied the factorial nature of numerical aptitude and its
bearing on mathematical learning. The study suggested that numerical reasoning

and numerical ability are best predictors of achievement in mathematics.

Tracy!! (1987) studied the relationship of toy playing habits, spatial abilities
and science and mathematics achievement of children. Results indicated that
males exhibit superior spatial skills and maintained greater science and

mathematics achievement scores than females.

Budhev? (1990) in a study on the effect of cognitive variables on
achievement in mathematics found that achievement in mathematics is affected

by mathematics aptitude.

Monson and Fukui®® (1991) put forward some identifiable characteristics of
gifted children for regular classroom teachers. The cognitive characteristics
include ability to manipulate abstract symbol system and ability to generate
original ideas. Intellectually gifted children are found to have high level of
abstract thinking when compared with their peers.

Bastecki and Berry'* (1992) examined the effect of spatial ability level on
the achievement of dental hygiene students using a sample of 43 first term
students enrolled full time at a university school of dental medicine and found
that subjects who demonstrated higher spatial ability skills obtained greater

educational outcomes.

Study of Dubey and Vijayakumar'®> (1992) using a sample of 300 class X
male students found that numerical reasoning and numerical facility are most

important for predicting performance in algebra.

Boyd?!® (1993) reviewed studies conducted in the area of giftedness and
concluded that better performance of males is a result of their higher spatial
abilities. |
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A study of Gustin and CorazzaV (1994) revealed that verbal and
mathematical reasoning ability are the most powerful predictors of success in

accelerated secondary science courses.

Study done by Malini'® (1995) using a stratified sample of 703 (329 boys
and 374 girls) secondary school pupils revealed that (i) real relationship exists
between the variables numerical reasoning and achievement in mathematics for
both boys and girls (ii) substantial relationship exists between the variables ability
to use symbols and achievement in mathematics for both boys and girls (iii) low
relationship exists between the variables spatial ability and achievement in
mathematics for both boys and girls and (iv) marked relationship exists between

abstract reasoning and achievement in mathematics for both boys and girls.

Sumangala®® (1995) carried out a study with a stratified sample of 750
students of standard IX drawn from 20 schools of five revenue districts of Kerala
and found that the variables mathematics aptitude and its components viz.,
numerical ability, numerical reasoning, ability to use symbols, spatial ability and
abstract reasoning discriminate significantly between high- and low- achievers in
mathematics. It was also found that the relationship of mathematics aptitude and

its components with achievement in mathematics is significant and positive.

Waxman, et al.? (1996) conducted a study using a sample of 284 children
studying in pre-school or kindergarten who were advanced in mathematics and

found that spatial reasoning is closely related to their mathematics reasoning.

Babylatha?! (1997) conducted a study using a proportionate stratified
random sample of 540 students of standard VIII and revealed that (i) correlation
between spatial ability and biology achievement is positive and significant at 0.01
level (ii) correlation between abstract reasoning and biology achievement is

positive and significant at 0.01 level.
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Goel2 (1997) studied various learning problems related to arithmetic
difficulties by using 300 children of standards I to II in rural and urban multigrade
schools, who had poor academic achievement in mathematics and their IQ ranged
from 90 to 120. The investigator found that symbol association problems, symbol
confusion etc. are the problems related to arithmetic difficulties.

Seokhoon and Betty? (2000) investigated the nature of spatial ability as
measured by four instruments based on spatial orientation and visualization, and
its relationship to the mathematical performance of elementary school pupils
using a sample of 127 elementary school smdents (72 boys and 55 girls) aged 10 to
11 years. Results indicated a positive relationship between spatial ability and

mathematical performance.
2.1.2. Inductive - Deductive Reasoning and Academic Achievement

The term reasoning refers to the human capacity for drawing conclusions
or making inferences on the basis of known or assumed facts, in accordance with
rational rules or principles. In inductive reasoning the individual is presented
with a set of elements and the task is to induce the rule structure relating the
elements so that the pattern can be completed or extended. But in deductive
reasoning we proceed from the general conclusions to the particular and from the

whole to its parts.

Relation between inductive-deductive reasoning and achievement is a
rarely touched area of investigation. Hence bnly very few studies are reported as
found by the review. Some studies available on the relation between inductive-
deductive reasoning and achievement are presented below with the relevant

findings of each.

Malhotra* (1982) made a study on a sample of 120 boys and 120 girls in the
age group of 11 to 13 years and found that (i) in case of deductive reasoning, there
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is significant correlation between the test scores of ability measures and linear
syllogistic reasoning measure. The high ability group of students solved
problems faster, thus indicating faster speed of information processing as
compared to the low ability group of subjects (ii) in the case of inductive
reasoning phase, the higher ability group required fewer patterns of internal
representations, performing at a faster speed of information processing in
reaching a solution to the problem in comparison with that of the low-ability
group of children.

The ot;jective of the study conducted by Kumari? (1985) was to analyse the
effectiveness of inductive and deductive strategies on achievement. The study
revealed that inductive and deductive strategies are equally effective for students'

achievement.

Niaz? (1993) investigated the reasoning strategies of students in solving
chemistry problems as a function of developmental level, functional M-capacity
and disembedding ability and found that students who scored higher on
cognitive predictor variables not only have a better chance of solving chemistry
problems but also demonstrated greater understanding and used reasoning
strategies indicative of explicit problem solving procedures based on the

hypothetico-deductive method.

Study done by Singh?” (1994) on a sample of 350 class XI students of three
randomly selected intermediate colleges of Uttar Pradesh (104 science and 246 art
students) revealed that inductive thinking model is more effective compared to

traditional method in terms of achievement in economics.

Watters and English? (1995) measured children's (IN=182) competence at
syllogistic reasoning and in solving a series of problems requiring inductive
reasoning and reported that syllogistic reasoning and inductive reasoning are

significantly correlated with both simultaneous and successive synthesis.
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Klauer's? (1996) study on 174 elementary school students supported the
hypothesis that training in an inductive strategy would enhance performance on
tests measuring fluid intelligence, support learning school relevant declarative

knowledge and improve problem solving.

Mathews?® (1996) showed that students with styles of learning favqring a
deemphasis on human relationships and an emphasis on deductive thinking rated
themselves higher academically than did their peers with other styles of learning
and that students who were people-oriented had the lowest overall academic self

assessment.

Kral' (1997) conducted a three year study of control and experimental
groups using a pre-test and post-test design and included results of the American
College Test and specially designed questionnaire. Results indicated that the
hypothetical deductive reasoning pattern can be embedded into and successfully
transferred across various curricula with a measurable improvement both in

reasoning and subject matter achievement.
2.1.3. Problem Solving Ability and Academic Achievement

Problem solving refers to an ability which uses the cognitive
representations of prior experiencé and current situation to derive a conclusion.
That is, it is a high order ability requiring abilities like Analysis, Synthesis and
Evaluation.

Very few studies have been found reported on the relation between
problem solving ability and academic achievement. Some of the studies are

abstracted below with relevant findings of each.

Das®? (1978) conducted a study on certain cognitive correlates of
mathematics achievement and found that verbal, numerical and problem solving

abilities have influence on mathematics achievement.
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Consuegra® (1982) carried out a study on giftedness and found that gifted
pupils have advance mental abilities and unusual abilities to solve problems.

Caballos and Esteban33 (1988) in their study, an International Study Skills
Inventory (ISSI) and a non-verbal cognitive problem solving inventory were
administered to 197 high school students. Academic success and successful

problem solving strategies are found to correlate with specific responses of ISSI.

Haridasan™ (1989) found that there exists significant mean difference in
problem solving ability of biological science between high-, average- and low-

achievers in biology.

Monson and Fukui®® (1991) reported that intellectually gifted children have
high level of planning and problem solving ability compared to their peers.

Montague, et al.3 (1991) conducted a study on 60 eighth grade students
and found differences among students who were low, average and high achieving
on their knowledge of mathematical problem solving strategies, and knowledge,

use and control of problem representation strategies.

Hembree36 (1992) integrated the results of 487 reports by meta-analysis to
study characteristics of problem solvers, conditions for harder and easier
problems, effects of different instructional methods and classroom related
conditions on problem solving performance. It was found that problem solving is

positively related to measures of basic skills.

Montague and Applegate” (1993) examined the verbalizations of 9¢ middle
school students as they thought aloud while solving mathematical word problems
and reported that average achievers are less strategic in approaching
mathematical problem solving than gifted students.
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Byrnes and Takahira's®® (1994) study on a sample of 40 high school
students on the mathematics subtest of the Scholastic Aptitude Test supported the
prediction that successful students would be better at defining problems,

assembling strategies and avoiding computational errors.

Lawson and Chinnappan® (1994) compared the problem solving
performance of high-achieving and low-achieving 11th grade students during
solution of geometry problems using a think aloud procedure. Detailed analysis
of problem solving protocols indicated that high-achieving students not only
accessed a greater body of geometrical knowledge but also used that knowledge

more effectively.
2.1.4. Creaﬁvit); and Academic Achievement

According to Jones! (1972), creativity is 'a combination of flexibility,
originality and sensitivity to ideas which enables the thinker ‘t’o break away from
usual sequences of thoughts into different and productive sequences, the result of
which gives satisfaction to himself and possibly to others.! The term mathematical
creativity stands for various aspects of divergent thinking ability estimated
through its accepted characteristics such as fluency, flexibility and originality as

measured by a comprehensive test of creativity.

A number of studies have been conducted in this area and some of these

are presented below for the findings relating with academic achievement.

Dhaliwal and Saini*! (1976) investigated the relationship of creativity with
over and under academic achievement using a sample of 118 boys of urban high
schools and found that achievement of students in English, geography and history
are positively and significantly related with their fluency and flexibility scores

whereas achievement in Hindi is related to the originality score.
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Panicker?? (1979) in the study 'creativity as a correlate of achievement in
mathematics of secondary school students' found significant relationship between

achievement in mathematics and creativity.

Asha®? (1980) studied the relation between creativity and academic
achievement of high school students using a sample of 800 students with equal
number of boys and girls and found that there is positive and significant

relationship between creativity and achievement scores of boys and girls.

Study conducted by Gakhar* (1985) using a sample of 170 standard IX
students revealed that there is significant correlation between creativity and

achievement in mathematics.

Tulit> (1985) carried out a study using a sample of 439 class IX students and
found that mathematical creétivity is significantly related to achievement in

mathematics.

Study done by Malini# (1990) revealed that the main effect of mathematical

creativity on achievement in mathematics is significant at 0.01 level.

Carroll and Howieson#’ (1991) carried out a study using a sample of 48
seventh grade children and obtained that on some measures of mathematics,

highest scores were achieved by the high creativity group.

Subramoniyam and Remadevi*® (1991) reported that there exists significant

relation between the variables creativity and academic achievement.

Bhawalkar®® (1992) studied the relationship of scientific creativity with
achievement in mathematics and academic achievement separately by using a
sample of 663 students of classes IX and X from six schools situated in Ujjain,
Mhow and Indore and found that students with high academic achievement and
high achievement in mathematics possesshigh scientific creativity.
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Mondal's® (1992) study with a sample of 48 students of class VI drawn
from the schools situated in semi urban area obtained that the correlation between
achievement and creativity score is the highest in case of medium achiever and
the lowest in case of low achiever. The high achievers are not so much creative as

medium achievers.

Padhi?? (1992) in a study to estimate the relationship among classroom
environment, creativity, academic self-concept and academic achievement found
that the compénents of creativity to be high level predictors of academic

achievement.

Kim52 (1993) in 'an investigation of the extent to which performance in
selected measures of creativity is related to school achievement' found low

relation between measures of creativity and school achievement.

Interaction effect of creativity, attitude towards problem solving and social
position on the achievement in mathematics of secondary school pupils was the
subject of investigation by Thampuratti’3 (1994). It was found that the main effect
of creativity on achievement in mathematics is significant at 0.01 level
Significant difference exists in the mean scores of achievement in mathematics

between the three group pairs of creativity viz., high-, average- and low- creative

groups.

Bawa and Kaur> (1995) conducted a study (i) to determine the relationship
of the dimensions of creativity with the subjectwise academic achievement of
male and female subjects (ii) to study the relationship of composite creativity with
the subjectwise academic achievement of male and female subjects and (iii) to
study the effect of creativity on the prediction of subjectwise academic
achievement of male and female subjects and the total sample. The sample
consisted of 600 class X students drawn from 30 high and higher secondary
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schools of Patiala district. The major findings are (i) in case of males, there is a
significant positive correlation between all the four measures of creativity and
achievement in all the school subjects except social studies. As regards female
students, there is significant positive correlation between all the four measures of
creativity and their academic achievement (ii) prediction of academic achievement
in school subjects is quite reliable if it is made on the basis of measures of

creativity in case of males, females or total sample.

Kapoor® (1996) studied the creative thinking ability of high school pupils
of Arunachal Pradesh in relation to their sex and academic achievement using a
sample of 300 pupils consisting of 110 tribal and 190 non-tribal pupils and found
that there is no difference in the mean scores of creativity of high- and low-

achievers.

Rajyalakshmi% (1996) studied the correlation between creativity and
achievement in biology using a sample of 200 high school students (96 boys and
104 girls) from six schools in Puri and Ganjan districts of Orissa and found that
correlations between the measures of fluency, flexibility and originality and

achievement in biology are not significant.

Chaturvedi®” (1997) conducted a study on a sample of 1130 tribal students .
of class XII drawn from 12 tribal schools (740 boys and 390 girls) and found that
the high and low creative tribal boys and girls significantly differ on their

scholastic achievement.

The extent of relationship between creativity and academic achievement on
a sample of 595 students (335 urban and 260 rural) from 19 primary schools of
Bhopal division studying in class V was examined by Khare and Grewal>® (1997)

and found that the coefficients of correlation between creativity and academic .

~ achievements of students studying in urban and rural primary schools are
significant. '
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Objectives of the study done by Rani® (1997) was (i) to find the relation of
different levels of creativity-high-, average- and low- with achievement in English
(ii) to study the relationship between the components of creativity and
achievement in English. Results indicated that (i) there is no significapt relation
between levels of creativity and achievement in English (ii) there is significant
relationship between learning English and the traits of creativity viz., fluency,
flexibility and originality.

'Creativity in relation to achievement in Malayalam of secondary school
students' was conducted by Sunitha® (1997) on a sample of 500 secondary school
pupils and reported that (i) there exists a real, positive and substantial
rélationship between the variables creativity and achievement in Malayalam (ii)
high- and average-achievers in Malayalam differ significantly in creativity and its
subcomponents fluency, flexibility and originality at 0.01 level (iii) high- and low-
achievers in Malayalam differ significantly in creativity and its subcomponents
ﬂixency, flexibility and originality at 0.01 level (i\}) average- and low- achievers in
Malayalam do not differ significantly in creativity but differ significantly only in
fluency at 0.05 level.

Behera®! (1998) found that level of academic achievement had significant
effect on all the components of creativity and total creativity. The relationship
between achievement and creativity is found to be significant in the cases of high
achievers and central school students but negligible in cases of low achievers and

state school students.

Ronna and George$? (1999) conducted a study using 99 under graduates
and reported that flexible combination ability is more important to achievement in

mathematics and English than natural science or social science.
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2.1.5. Interest and Academic Achievement

Interest is a type of feeling experience, which might be called
'‘worthwhileness' associated with attention to an object, or course of action; an
element or item in an individual's make up, either congenital or acquired, because
of which he tends to have this feeling of 'worthwhileness' in connection with
certain objects or matters relating to a particular field of knowledge.

Some studies on the relation between interest and academic achievement

are abstracted below with relevant findings.

Balasubrahmaniam and Visveswara® (1970) reported that among other
factors, interests of the students to study English is a significant factor that affect

the performance of the pupil.

Results of Pathak'sst (1974) study suggested that high-achievers and low-
achievers do not differ significantly in their interest patterns.

Lalithamma® (1975) conducted a study on some factors affecting
achievement of secondary school pupils in mathematics and reported that

achievement in mathematics is positively correlated to interest in mathematics.

Vishnoi® (1977) made a study on 184 male students belonging to different
intermediate colleges in Allahabad Muncipal Corporation and reported that
academic achievement of high- and low- achievers have no relationship with the

area of interest except in literary activities.

Sreekumaran$’ (1981) carried out a study using a sample of 582 standard IX
pupils and obtained that positive negligible relationship exists between science
interest and achievement in biology for the total and subsamples based on sex and

locale.



Review 34

Vargheset8 (1986) investigated the relationship between science interest,
attitude towards science and achievement in chemistry of secondary school pupils
of Kerala. The study revealed that there is significant difference (at 0.01 level) in

science interest between high and low achievement groups.

Study done by Sujatha®® (1987) on a stratified random sample of 568
standard IX students of Ernakulam district revealed that the relationship between

science interest and biology achievement is positive and significant at 0.01 level.

Prameela” (1993) carried out a study using a sample of 502 students of
standard IX and found that significant relationship exists between the criterion

variable achievement in physics and science interest.

Gafoor”! (1994) found that there exists = significant relationship between
science interest and science achievement for the total sample and for subsamples

based on sex and locale.
2.1.6 Self-Concept and Academic Achievement

Self-Concept is the individual's evaluation of himself; the appraisal of the
self by the individual himself. The view of self-concept as a component of two
elements viz., self-image and self-evaluation, places the self-concept within the

field of attitude study.

Studies exploring the relation between self-concept and academic

achievement are abstracted below with relevant findings.

Goswami’2 (1980) found that positive and significant correlation exists
between global self-concept and scholastic achievement. This relationship is

positive and significant for male-female and urban-rural adolescents.
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Pal, et al” (1985) conducted a study using a sample of 240 higher
secondarv school students and concluded that high scholastic achievers possess

high self-concept in comparison to low achievers.

Hashain and Panwar”™ (1989) in a study to find the effect of levels of
academic achievement and school background on self-concept by ANOVA
obtained that high, average and low academic groups differ significantly in their
mean self concept scores and that academic achievement is negatively related to

self-concept.

Bevli® (1990) conducted a study on a sample of 664 school going children
in Delhi ranging in age from 5Y2>-11 years and studying in classes I,  and V.
Results indicated that (i) higher the self-concept, higher the cognitive
development is true only of the age group 52 to 6'2. The trend is reverse for the
age group 9%>-11 years (ii) relation between self-concept and cognitive score is
positive and highly significant in the case of 5/2 to 6%2 years (iii) relation between
self-concept and cognitive score is positive and insignificant in case of 6%z to 7%z
years and (iv) relation between self-concept and cognitive score is negative in case

of 9¥2-11 years.

Muralidharan” (1990) studied the relationship between parent child
relationship and academic achievement in a sample of 664 school going children
in Delhi, studying in classes I, I and V. It was found that the relationship
between self-concept and school achievement reaches the level of significance

only in the younger age group.

Wheat, et al.77 (1991) in their study concluded that prior achievement, self-
concept in mathematics, perception of the mathematics teachers,age, high school
grades in trigonometry analysis and gender are predictors of success in college

algebra.
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Mishra's” (1992) study on a sample of 88 Oriya male students of class IX
and X revealed that the relation between academic achievement and self-concept

is not significant.

Payne” (1992) examined the effects of the variable academic self-concept
on the verbal and mathematics scholastic aptitude test scores of approximately
300 black high school seniors and reported that academic self-concept had

significant positive effects on mathematics scores.

Williams® (1992) assessed the influence of self-concept on student test
performance adoss four subjéct matter areas viz., English, mathematics, reading
and science using a sample of 217 public high school students in northern
Oklahoma and found that self-concept contribute students' academic achievement
and students' performance is uniformly affected by self-concept across all four

academic areas.

Wong8!  (1992) investigated the relationship of self-concept and
mathematics achievement using a sample of 1766 Hongkong students in grades 7-
13 and found that achievement is closely related to academic and non-academic

self-concepts.

Daniel®? (1993) examined relationships  among achievement related
ekpectancies, academic self-concept and mathematics performance. The study
revealed that students with higher academic self-concept earn significantly higher

mathematics grades.

Krishnakumar®? (1993) in an attempt to study the interaction effect of some
affective variables on achievement in mathematics of secondary school pupils of
Kerala got low correlation (r=0.26) between self-concept in mathematics and
mathematics achievement and hence found that only 6.8 percent of variance in the

achievement in mathematics is accounted by self-concept in mathematics.
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Prameela’? (1993) carried out a study using a sample of 502 students of
standard IX and found no significant relationship between achievement in physics

and self-concept.

Rangappa® (1994) studied the effectiveness of various levels of self-concept
on achievement in mathematics with a sample of 1000 students studying in class
VII which was selected from the schools of Bangalore urban and rural districts
and found (i) significant difference in the achievement of students of class VII in
mathematics of high, normal and low self-concept groups (ii) students of class VII
of high self-concept group perform better in mathematics than students of normal
self-concept group (i) significant difference in achievement between high and
low self-concept groups (iv) students of class VII of normal self-concept group
perform better in mathematics than students of low self-concept group (v)
students of class VII of high self-concept group perform better in mathematics

than students of low self-concept group.

Study of Sujatha®> (1994) on a sample of 640 standard IX students revealed

that the variable self-~concept has no significant effect on achievement in biology.

Evans and Goodman® (1995) studied the factors behind children's learning
difficulties in mathematics based on three kinds of characteristics viz.,
characteristics of the child, of the teacher/teaching method, and of the academic
subject. They found that perceived under achievement is mainly of poor self

image.

A study carried out by Sumangala'? (1995) with a sample of 750 students of
standard IX drawn from 20 schools of five revenue districts of Kerala found that

self-concept is significantly related to achievement in mathematics.

Tartre and Fennema®” (1995) camried out a longitudinal study of

mathematics achievement and gender of students (N=60) progressing from 6% to
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12t grade and found that there is positive correlation between achievement and

confidence.

Ali®8 (1996) conducted a study using a sample of 224 hockey players of 14
universities of Uttar Pradesh and reported that self-concept is a predictor of high
performance. The players who have achieved high level of performance scored

higher on self-concept.

Study done by Pal, et al.89 (1996) on a sample of 326 students of grade IV,
taken from five rural tribal schools in Raigarh and Thane districts of Maharashtra
and one urban school in Mumbai revealed that self concept is significantly related

to learning of mathematics.

Minnalkodi® (1997) conducted a study with a sample of 900 students who
had opted zoology as elective in standard XI in Cuddalore educational district
and found significant positive relationship between achievement scores and self-

concept of students.

The study 'self—concept of adolescents in relation to their academic
achievement' conducted by Pande®! (1997) using a random sample of 200 students
studying in the intermediate college of Kotdwara city, obtained that academic

achievement and self-concept are not significantly related.

Sojourner and Kushner®? (1997) conducted a study using a sample of 1868
African American students to examine school and non-school factors related to
the educational attainment and found that self-concept is the strongest predictor

of mathematics achievement.

Relationship of academic self-concept with academic performance of

distance learners at first degree level was studied by Anilkumar® (1998) and
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found that academic performance is significantly related with academic self-

concept.

Study carried out by Dubey and Mishra* (1999) using a sample of 400
students of standard VIII to X revealed that self-concept variables are less

important predictors of academic success.

Deshmukh?® (2000) conducted a study using a sample of 832 students
ranging in age from 16 to 20 years, studying in XiIth standard in Amravati and
found that high and low self-concept groups do not differ significantly on

academic achievement.
2.1.7. Attitudinal Variables and Academic Achievement

Attitudes are positive or negative feelings that an individual holds about
objects, persons or ideas. Attitudes are generally regarded as enduring through
modifiable by experience and or persuasion and as learned rather than innate.
The degree or strength of a person's attitude may vary from extremely positive

through a gradation to extremely negative.

Under this section, studies on the attitudinal variables viz., Attitude
towards Mathematics and Attitude towards Academic Work with academic

achievement are presented with the major findings of each.
21.7.1. Attitude towards Mathematics and Academic Achievement

Reidesal and Burns® (1973) found a positive and substantial relationship

between attitude towards mathematics and achievement in mathematics.

The correlation of high school failures in mathematics and English with
special reference to Jammu division was studied by Jain? (1979) and found that

attitude towards mathematics plays a vital role in the learning of mathematics.
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Study done by Mishra® (1980) found no significant relation between

attitude towards mathematics and achievement in mathematics.

Montague, et al.3% (1991) conducted a study on 60 eighth grade students
and found differences among students who were low, average and high achieving

on their attitude towards mathematics.

Relationship of attitude towards mathematics to mathematics performance
was investigated by Thorndike® (1991) using a sample of 722 male and 794 female
students enrolled in public middle and high school mathematics courses and
found that attitude towards mathematics is a predictor of final mathematics

course grade.

Study done by Wong?! (1992) on a sample of 1766 Hongkong students of
grades 7-13 found that achievement is cdosely related to attitude towards

mathematics.

Ibe® (1994) carried out a study on a sample of 7935 eighth gradé 13 year
old mathematics students and reported that attitude towards mathematics can be

reliably assessed as mathematics outcome.

Sumangala®® (1995) studied the variables discriminating between high- and
low- achievers in mathematics and found that achievement in mathematics is

related to attitude towards mathematics.

Wangu and Thomas!® (1995) studied the attitude of students of class IX
towards mathematics and asséssed their achievement in it using a sample of 300
students covering both boys and girls. The study found a significant positive
correlation between the scores of attitude towards mathematics and achievement

in mathematics for the total sample as well as for the subgroups.
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Carmen!®? (1996) investigated the relationship between the mathematics
attitude and mathematics achievement of over 32,000 Hispanic and Asian
students and found most of the attitude variables as significant predictors of

mathematics achievement.

Pal, et al% (1996) anaiysed the structure of content and mathematics
difficulties among primary students using a sample of 326 students of grade IV,
taken from five rural tribal schools in Raigarh and Thane districts of Maharashtra
and one urban school in Mumbai and found that attitude towards mathematics is

significantly related to learning of mathematics.

Kumar!0? (1998) carried out a study on the relationship of attitude towards
mathematics with achievement in mathematics and found attitude towards
mathematics as positively and significant correlated with achievement in
mathematics. It was also found that 'high attitude towards mathematics' group is
significantly superior in the achievement in mathematics in comparison to the

'low attitude towards mathematics' group.
2.1.7.2. Attitude towards Academic Work ahd Academic Achievement

Studies exploring the relation of attitude towards academic work with
academic achievement are very few. Reviewed studies are abstracted below for

their findings.

Study carried out by Gopinathan®® (1981) found that attitude towards

academic work has no influence on achievement in Malayalam.

'A study of certain personality variables which discriminates between high
and low achievers in secondary school social studies' conducted by Rahiman!®
(1981) found that attitude towards academic work has no significant role in social

studies achievement.
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Nairl® (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.

The association of variables attitude towards education and achievement in
Malayalam is found as significant for all the three intelligence groups and to all
the subgroups based on sex and locale, in a study conducted by Baby1% (1987).

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.

Some factors related to achievement in Malayalam language of secondary
school pupils of Kerala state was investigated by Madhavan® (1990) and found
that there exists a significant correlation between attitude towards education and

achievement in Malayalam.

Nambiar!® (1990) conducted a comparative study of the relation of some
psychological variables with academic achievement of institutionalized juvenile
delinquents and normal children. The study indicated that there is no significant
relation between attitude towards education and academic achievement in the

case of both juvenile delinquents and normal children.

Raj'19 (1991) carried out a study on some attitude variables discriminating
between over, normal and under achievers in mathematics 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.
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The relationship of attitude towards education and achievement
motivation with social studies achievement in high school pupils was investigated
by Rejanil? (1991) and obtained a significant relationship between attitude

towards education and social studies achievement.

Sreelathammal!? (1992) studied some affective correlates of achievement in
secondary school biology and found that attitude towards education has no

significant correlation with achievement in biology.

Grisay!?® (1994) conducted a study on a stratified sample of 8000 students
entering grade 6 and found that the variables positive expectations, school
climate, opportunity to learn, time management, and discipline are highly

correlated with student outcomes.

Study of Anilkumar (1998) examined the extent of dependence between
academic performance and attitudes of distance learners towards distance
education at first degree level and found that academic performance is

significantly related to the attitude towards distance education.
2.1.8. Anxiety and Academic Achievement

Anxiety refers to the unpleasant feeling that accompanies individual's
uncertainities about values and goals and their ability to meet them. When a
stimulus situation contains elements which specifically arouse test or achievement
anxiety, this increase in anxiety drive will lead to poorer performance in
individuals who have test irrelevant anxiety responses in their response repertory.
For individuals without such response tendencies, these stimulus elements will
raise their general drive level and result in improved performance. The anxiety
which leads to poorer performance is termed as debilitating anxiety and which

raises the performance as facilitating anxiety. According to Grant!¢ (1973), in
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instructional situations the debilitating anxiety subscale has been shown to be

more predictive of student performance than the facilitating anxiety subscale.

Studies exploring the relation between anxiety and achievement are

abstracted below with relevant findings.

Study of Tewari and Rail’® (1976) revealed that (i) low achievers are
significantly more anxious than high achievers (i) anxiety is a differential
personality correlate of low- and high- achievers (iii) there is a negative

relationship between anxiety and students' achievement.

A study by Somasundaram!i® (1980) on certain personality variables
relating to over, normal and under achievement in mathematics revealed that out
of sixteen personality variables studied, the variables test anxiety and general
anxiety are significant correlates of mathematics achievement. General anxiety
and test anxiety were found to have negative correlation with mathematics

achievement.

Ganguli!l” (1981) studied anxiety and academic achievement and found
that the mean achievement test score of the low anxiety group is slightly higher
than that of high anxiety group, though the difference is not statistically

significant.

Study carried out by Sood11® (1981) revealed that achievement anxiety
correlates significantly with academic achievement for the SC students. That is,
students exhibiting a high level of achievement anxiety will tend to score low in

academic achievement test.

The result of Siddiqui and Akhtar's!'? (1983) study revealed that (i) anxiety
and achievement are negatively related (ii) when inter group comparisons
between means of anxiety scores of high, average and low achievers were made,

the difference was found to be highly significant.

S
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Verma'?® (1984) found that anxiety and school achievement are positively
correlated. Subjects having high level of anxiety are found to be high achievers

than subjects having low level of anxiety.

Shekhar and Chaddha's'?! (1991) study revealed that average achievers are

least anxious followed by high achievers and low achievers respectively.

Study carried out by Guptal? (1992) showed that anxiety is significantly
but negatively correlated with academic achievement for the total sample, arts

and science groups; boys and girls.

Hadfield, et al.1% (1992) conducted a study on a sample of 358 Navajo
middle school students and found that mathematics anxiety and mathematics

achievement are negatively correlated.

Williams8 (1992) assessed the influence of test anxiety on student test
performance across four subject matter areas viz., English, mathematics, reading
and science using a sample of 217 public high school students in northern
Oklahoma and found that test anxiety contribute to student academic
achievement and student performance is uniformly affected by test anxiety across

all four academic areas.

Study carried out by Singh and Broota'”* (1995) with a sample of 60
subjects who were selected from class X of a public school in north branch of
Delhi revealed that there is significant negative relationship between test anxiety

and performance.

Trivedi'® (1995) studied the anxiety level and academic achievement of
undergraduate students with a sample of 270 students selected randomly from
five colleges of Kutch district and found (i) a negative relationship between the

anxiety levels and academic achievement among girls, students of commerce and
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arts streams (ii) among boys and students of science stream, there exists a very

low positive correlation between anxiety levels and academic achievement.

Patel1?6 (1996) examined the effect of general anxiety on the achievement in
mathematics of secondary school students by using a sample of 293 secondary
school students studying in class IX from Kaira district in Gujarat and found that

the effect of general anxiety on the achievement in mathematics is significant.

Study conducted by Vermal?” (1996) on a sample of 500 male students
studying in class X in 10 secondary schools of Delhi reported that the main effect
of test anxiety on academic performance of the students in English, mathematics,
general science and social studies is significant. The study further revealed that
students with low test anxiety score higher in these courses than students with

high test anxiety.

Jayasreel? (1997) studied test anxiety and academic achievement among
students of standard IX and found that test anxiety is significantly and inversely

related to academic achievement.

Patel'? (1997) studied the effect of test anxiety on the achievement in
mathematics of secondary school students by using a sample of 393 secondary
school students of class IX from Kheda district in Gujarat and found that low test
anxiety group showed better performance in mathematics than the high test

anxiety group.

Study carried out by Rajathi, et al.130 (2000) on a sample of 81 teacher
trainees from a self-financing college of education (30 physical science students,
29 biological science students, 13 mathematics students and 9 history students)
revealed that anxiety has influence on achievement among the history and

mathematics students.
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2.1.9. Achievement Motivation and Academic Achievement

Achievement motivation is also referred to as the need for achievement. It
is a major determinant of aspiration, effect and persistence when an individual
expects that his performance will be evaluated in relation to some standard of
excellence. The factors of ability and motivation are the prime ingredients in

academic and intellectual accomplishments.

Studies exploring the relation between achievement motivation and

academic achievement are presented below with relevant findings of each.

Christian®! (1979) carried out a study of fear of failure, hope of success,
achievement motivation, anxiety and concern in girls and found that there is

significant positive correlation between the n-achievement and students' academic

performance at 0.01 level.

Study carried out by Rai'®? (1980) reported that high achievers have higher
n-achievement than those of average and low-achievers. The difference in the
means of n-achievement between high and average; high and low and between

average and low achievers are significant at 0.01 level.

A contrastive study of high and low- achievers in Malayalam with respect
to some select cognitive and affective variables was conducted by Gopinathan?0?

(1981) and found that achievement motivation can differentiate high- achievers

from low- achievers.

A study of prejudices commonly found among secondary pupils and their
repercussions on scholastic attainment, achievement motivation and social

behaviour was carried out by Jha!®® (1981) and found scholastic attainment to be

negatively correlated with achievement motivation.

Rajput'3 (1984) conducted a study on academic achievement of students in

mathematics in relation to intelligence and achievement motivation using a
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sample of 100 central school students and reported that in neutral classroom
conditions, achievement of students in mathematics is not affected by their

achievement motivation.

Valsamma!® (1984) carried out a study on certain personality variables
differentiating under-achievers, average and non-under achievers in biology and
found that achievement motivation cannot differentiate under achievers from

over and normal achievers.

Narayanan'*¢ (1987) found that the relationship between achievement
motivation and achievement in Hindi of socially advantaged and disadvantaged

secondary school pupils are positive and highly significant.

Sinha'* (1990) carried out a study using a sample of 400 high school
students and reported that successful students showed higher academic

motivation as compared to the failed students irrespective of sex.

Bennett, et al.13 (1991) examined the effects of SQUARE ONE TV, a
television series about mathematics aimed at 8 to 12 year old children on the
problem solving behaviour of 240 fifth graders and found that motivation is

closely related to arithmetic achievement.

Reynolds and Herbert!3? (1992) conducted a study to formulate a structural
model of high school mathematics outcomes and reported that motivation had

significant effect on mathematics outcomes.

The study 'high school pupils' academic achievement motivation and their
academic achievement' was carried out by Sundararajan and Gnanaguru (1992)
and reported that there is no significant relationship between academic

achievement motivation and academic achievement.
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Prameela’? (1993) carried out a study using a sample of 502 students of
standard IX and found significant relationship between the criterion variable

achievement in physics and achievement motivation.

Study conducted by Salimkumar®! (1994) on a sample of 700 students
studying in class IX of the secondary schools of Kerala state revealed that
variation in achievement in biology is dependent upon the variation in

achievement motivation to a low extent.

Singh and Varmal4? (1995) studied the effect of academic aspiration on
scholastic success of class XI students and found that academic aspiration
correlated positively with scholastic success of both rural and urban students and

that this positive nature of correlation is statistically significant.

Varghese3 (1995) examined the factors which affect the learners'
achievement of government and private aided schools in Kerala and found that

aspiration of the child had a positive influence on learner's achievement. .

Study conducted by Pramod™¢ (1996) using a sample of 300 students (150
boys and 150 girls) who were selected from class XI belonging to matriculation
schools of Tamil Nadu through random sampling procedure found that
achievement motivation is the most dominating influencing factor on academic
performance. Canonical value indicated linear relationship between scholastic

performance and achievement motivation.

Mavi and Patel®> (1997) studied the relationship between academic
achievement and level of aspiration using a sample of 720 standard IX students of
the age group 14 covering 525 tribal and 195 non tribals and found significant

positive correlation between academic achievement and level of aspiration.
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A study of higher secondary school students' achievement in zoology in
relation to anxiety, achievement motivation and self concept was carried out by
Minnalkodi®! (1997) on a sample of 900 students who had opted zoology as
elective in standard XI in Cuddalore educational district and found that there is
significant positive relationship between achievement scores and achievement

motivation of students.

Study done by Rao and Rao™¢ (1997) on a sample of 30 engineering college
students and 30 arts and science college students of S.V. University Tirupati found
that there is a positive correlation between achievement motivation and academic

achievement.

Sarode'’ (1999) studied the impact of socio-economic status, study habits
and academic motivation on academic achievement of higher secondary students
using a sample of 563 standard XII pupils and obtained that academic motivation
has influence on academic achievement in case of arts and science students.
Academic motivation has no influence on academic achievement in case of

commerce students.
2.2.  TREND REPORT

Inorder to have a closer idea of the nature of relationship in the studies the

reviewed studies are tabulated as Table 1 for the nature of relationship in each.
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TABLE 1

Studies Reviewed and the Nature of Relationship in Each

Studies showing
Relationship studied
Significant relation No relation
A. Aptitudinal Variables with 1. Jain? (1979)
Academic Achievement 2. Katiyar’(1979)
3. Pillai! (1981)
4. Consuegra’ (1982)
5. Singh®¢ (1983)
6. Patel” (1984)
7. Mehna? (1985)
8. Bhattacharya?® (1986)
9. Dubey°(1987)
10. Tracy!(1987)
11. Budhev!2 (1990)
12. Monson & Fukui!? (1991)
13. Bastecki & Berry™ (1992)
14. Dubey & Vijayakumar®®
(1992)
15. Boyd'(1993)
16. Gustin & Corazzal?
(1994)
17. Malini!® (1995)
18. Sumangala®® (1995)
19. Waxman, et al.® (1996)
20. Babylatha?! (1997)
21. Goel?2 (1997)
22.  Seokhoon & Betty??

(2000)
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Relationship studied

Studies showing

Significant relation

No relation

B.

C.

Inductive-Deductive
Reasoning with Academic
Achievement

Problem Solving Ability with
Academic Achievement

G B W N

o

W

® NS 0

10.

Malhotra? (1982)
Kumari® (1985)
Niaz? (1993)
Singh?’ (1994)

Watters & English?
(1995)

Klauers® (1996)
Mathews3° (1996)
Kral® (1997)

Das?? (1978)
Consuegra® (1982)

Caballos & Esteban33
(1988)

Haridasan* (1989)
Monson & Fukui®? (1991)
Montague, et al.3> (1991)
Hembree3¢ (1992)

Montague & Applegate’”
(1993)

Byrnes & Takahira®8
(1994)

Lawson & Chinnappan®’
(1994)
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Studies showing
Relationship studied
Significant relation No relation
D. Creativity with 1. Dhaliwal & Saini#!
Academic Achievement (1976)
2. Panickeri? (1979) 1. Kapoor (1996)
3. Asha*? (1980) 2. Rajyalakshmi’®® (1976)
4.  Gakhar* (1985) 3. Rani®® (1997)
5. Tuli® (1985)
6. Malini* (1990)
7. Carroll &
Howieson?7 (1991)
8. Subramoniyam &
Remadevi*® (1991)
9. Bhawalkar*’ (1992)
10. Mondal® (1992)
11. Padhi®! (1992)
12.  Kim32 (1993)
13. Thampuratti®
(1994)
14. Bawa & Kaur™
(1995)
15. Chaturvedi®’
(1997)
16. Khare & Grewal>
(1997)
17. Rani® (1997)
18. Sunitha® (1997)
19. Behera%! (1998)
20. Ronna & George®?

(1999)



Revieww 54

Relationship studied

Studies showing

Significant relation

No relation

E. Interest with Academic
Achievement

F. Self-Concept with
Academic
Achievement

-

N e RN

X *® N

11.

12.
13.

14.

Balasubrahmaniam
& Visveswara®?
(1970)

Lalithamma® (1975)
Sreekumaran®’ (1981)
Varghese® (1986)
Sujatha®® (1987)
Prameela (1993)
Gafoor”! (1994)

Goswami’2 (1980)
Pal, et al.7? (1985)

Hashain & Panwar”
(1989)

Bevli’> (1990)

Muralidharan’e
(1990)

Wheat, et al.77 (1991)
Payne”® (1992)
Williams8# (1992)
Wong?! (1992)
Daniel?? (1993)
Krishnakumar3$?
(1993)

Rangappa?® (1994)
Evans & Goodman3®®
(1995)

Sumangalal® (1995)

1.
2.

-

N

W

Pathakst (1974)
Vishnoi® (1977)

Mishra’ (1992)

Prameelam
(1993)

Sujatha®s (1994)
Pande (1997)
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Studies showing

Relationship studied
Significant relation No relation
15. Tartre & Fennema?®’
(1995)
16. Ali%8 (1996)
17. Pal, et al 3% (1996)
18. Minnalkodi® (1997)
19. Sojourner &
Kushner®? (1997)
20. Anilkumar® (1998)
21. Dubey & Mishra®
(1999)
22.  Deshmukh?® (2000)
Attitude towards 1. Reidesal & Burns® 1. Mishra% (1980)
Mathematics with (1973)
Academic 2. Jain? (1979)
Achievement 3. Montague, et al.®
(1991)
4.  Thorndike® (1991)
5. Wong? (1992)
6. Ibe% (1994)
7. Sumangalal (1995)
8.  Wangu & Thomas!®
(1995)
9. Carmen!’! (1996)
10. Pal, et al.? (1996)
11.  Kumar' (1998)
Attitude towards 1.  Nair'® (1984) 1. Gopinathan103
Academic Work with 2. Babyl% (1987) (1981)
Academic 3. Sreemanunni®®’ 2. Rahiman1
Achievement (1987) (1981)
4. Madhavan® (1990) 3. Nambiari®®

(1990)
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_ . _ Studies showing
Relationship studied
Significant relation No relation
5. Raj'0(1991) 4. Sreelathamma!!2
(1992)
6. Rejani'M (1991)
7. Grisay13 (1994)
8. Anilkumar® (1998)
I Anxiety with 1. Tewari & Rai'®
Academic (1976)
Achievement 2.  Somasundaram116
(1980)
3.  Ganguli"'7 (1981)
4.  Sood!® (1981)
5. Siddiqui & Akhtar®?
(1983)
6. Vermal?(1984)
7.  Shekhar &
Chaddhai? (1991)
8.  Gupta'2(1992)
9. Hadfield, et al 13
(1992)
10.  Williams? (1992)
11. Singh & Broota!?
(1995)
12.  Trivedi'® (1995)
13. Patel?6 (1996)
14. Vermal% (1996)
15. Jayasreel? (1997)
16. Patel'?® (1997)
17. Rajathi, et al.130 (2000)
J.  Achievement 1. Christian®3! (1979)
Motivation with 2. Rai®2(1980)
Academic 3. Gopinathan® (1981) 1. Rajput' (1984)

Achievement
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Studies showing
Relationship studied Significant No relation
relation
4.  Jha®?(1981) 2. Valsamma'> (1984)
5. Narayanan!% 3. Sundararajan &
(1987) Gnanaguru? (1992)
6. Sinhal® (1990) 4. Sarodel’ (1999)
7. Bennett, et al.138
(1991)
8. Reynolds &
Herbert!3? (1992)
9. Prameela’? (1993)
10. Salimkumar?!
(1994)
11. Singh & Varma'#2
(1995)
12.  Varghesel4? (1995)
13. Pramod (1996)
14. Mavi & Patel45
(1997)
15. Minnalkodi®!
(1997)
16. Rao & Raol¥6
(1997)
17. Sarodel¥” (1999)

Studies reviewed and tabulated in Table 1 helped to arrive at the following.

All the studies reviewed on the relation of Academic Achievement with

Aptitudinal variables, Inductive-Deductive

Reasoning and Problem

Solving Ability indicated significant relationship suggesting the possibility

of these three variables as significant predictors of Academic Achievement.
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In the area of Creativity, majority of studies showed significant relation
with Academic Achievement. Only few studies showed no relation
between Creativity and Achievement. As majority of the studies showed
significant relation, Creativity can be considered as a facilitating factor of
Achievement.

Limited number of studies are available in the area of Interest and
Academic Achievement. Among these, majority indicated positive
relationship.

Of the 26 studies reviewed by the investigator exploring the relation
between Self-Concept and Academic Achievement, majority revealed
positive relation.  Only four studies showed no relation and only one
showed negative relation.

Studies relating to Attitudinal Variables and Academic Achievement are
comparatively less. All the studies, except one, in the area of Attitude
towards Mathematics and Achievement revealed significant relationship.
In the case of Attitude towards Academic Work and Achievemeht, out of
the 12 studies, four showed no relation and the remaining studies.showed
significant relation.

Of the 17 studies reviewed under the area of Anxiety with Academic
Achievement, majority of the studies showed negative relationship. Of the
20 studies in the area of Achievement Motivation and Achievement, only
four studies showed no relation between the variables whereas most of the

remaining studies showed positive relation.

2.3. CONCLUSION

By the review of works related with the present study, the investigator

found that a good number of studies were done in the area of Academic

Achievement relating with the cognitive and non cognitive variables Aptitude,
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Creativity, Self-Concept, Anxiety and Achievement Motivation. But it was found
that studies on the relation of variables like Inductive-Deductive Reasoning,
Problem Solving Ability, Interest and Attitudinal Variables with Achievement are
very few. It was also found that studies on the relation of the above variables

with Achievement in Mathematics are limited.

The review further found that eventhough the available studies are on the
relation of either cognitive variables with Achievement or non-cognitive variables
with Achievement, comprehensive studies on the relation of both cognitive and
non-cognitive variables (psychological variables) with Achievement e:pecially in
Mathematics are rare. Majority of the reviewed studies shows the relation of two
or three variables with Achievement at correlational level only. Also there is a
lack of attempts to find the combined influence or predictive ability of a set of
psychological variables using multivariate statistical techniques such as multiple
regression analysis, discriminant function analysis and factor analysis.
Eventhough there are a large number of studies on the relation of Creativity and
Achievement, studies that focus on the relation of Achievement with the
components of Creativity are rare. By considering all these the investigator makes
humble attempt to estimate the predictive efficiency of select psychological
variables and hence to identify the significant predictors of Achievement in
Mathematics. The investigator thereby hopes that the present study may help the
educators in understanding the significance and predictive ability of the select

psychological variables in boosting Achievement in Mathematics.
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he method followed in the conduct of an investigation is of utmost
Timportance in deciding the validity of its findings. It is the strategy
followed in collecting and analysing the data necessary for the solution of the
problem. The method used in a study is dictated by the nature of the problem

and the type of data required for answering the questions posed by the problem.

The method followed for the present study is described under six major

headings viz.,

(@) Variables

(i) Tools used

(i) Sample

(iv)  Data collection procedure
(v)  Scoring and consolidation

(vi)  Statistical techniques used for analysis
3.1. VARIABLES

The study being a correlational one, two types of variables are involved
viz., criterion or dependent and predictor or independent variables. The criterion
(dependent) and predictor (independent) variables of the study are listed below

with rationale for the selection of the particular predictor variables.
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3.1.1. Criterion (dependent) Variable

As the major objective of the study is to identify the psychological variables
which are capable of predicting significantly Achievement in Mathematics, the

criterion or dependent variable of the study is Achievement in Mathematics.

For the present study Achievement in Mathematics refers to the tangible
accomplishment or proficiency of performance in secondary school Mathematics
as measured by a standardised test of Achievement in Mathematics developed by

the investigator.
3.1.2. Predictor (independent) Variables

As the major objective is to identify the psychological variables capable of
predicting significantly Achievement in Mathematics, the predictor or
independent variables of the study are the psychological variables. The
psychological variables used for the prediction purpose are:

) Numerical Reasoning

" i) Ability to use Symbols

iif)  Spatial Ability

iv)  Abstract Reasoning

v) Inductive Reasoning

vi)  Deductive Reasoning

vii)  Problem Solving Ability in Mathematics
viii) Fluency

ix)  Flexibility

X) Originality

xi)  Mathematics Interest

xii)  Self-Concept in Mathematics
xiii)  Attitude towards Mathematics
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xiv)  Attitude towards Academic Work
xv)  Mathematics Anxiety

xvi)  Achievement Motivation in Mathematics

3.1.2.1 Rationale for the selection of the predictor (independent) variables in the
study

The predictor (independent) variables of the study were decided by an
initial review of literature in the area of academic achievement. The literature
suggested that academic achievement of a student is associated or linked with a
number of variables of the dimensions like cognitive, affective, environmental,
socio-familial etc. In the present study, the investigator gave prominence to the
cognitive and affective dimensions, the areas in which a good number of studies
were done and are the areas to be studied in depth. As the study intended to
identify the significant predictors with relative efficiency of each in predicting
Achievement in Mathematics, the variables used are those which may have high

relation with Achievement in Mathematics.

Students enter school with some background characteristics and these
influence their performance. Such characteristics constitute in a sense, the raw
material in which the institution has to work and produce the required man
power. Student's personal characteristics basically initiate performance either as
short term or long term academic achievement. Student characteristics has a good
deal in determining who would do what in the academic field and later in life. By
the review of literature, the investigator found that Inductive Reasoning and
Deductive Reasoning are two fundamentat ways of reasoning (Greenol, 1978;
Monroe?, 1990; Husen & Postlethwaite?, 1994) and hence they may possess high
predictive ability of Achievement in Mathematics. Problem Solving Ability is a
means of mathematics education as well as a result of education. As suchitisa

variable having high relation with Achievement in Mathematics (Consuegra?,
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1982; Monson & Fukui®>,1991; Lawson & Chinnappan®, 1994 etc.). Mathematics
Aptitude, which is the inherent potential of an individual to learn or work in the
area of Mathematics, is another significant predictor of Achievement in
Mathematics (Dubey’, 1987; Budhev®, 1990; Sumangala?®, 1995) and is composed of
several abilities like Numerical Ability, Numerical Reasoning, Ability to use
Symbols, Spatial Ability and Abstract Reasoning (Lennon!®, 1980; Minke!l, 1996
etc.). Hence each of these component abilities may be good predictors of
Achievement in Mathematics. Mathematical Creativity is another variable having
high relation with achievement as studied by many researchers (Tuli’?, 1985;
Carroll & Howieson®, 1991; Ronna & George¥, 1999 etc.). Now there seems a
trend to study the nature of the relationship of the component characteristics of
creativity viz., Fluency, Flexibility and Originality with academic achievement
(Bawa & Kaur®, 1995; Rani'¢, 1997; Ronha & George®, 1999) and hence the
investigator tried this trend. Thus the cognitive variables viz., Numerical
| Reasoning, Ability to use Symbols, Spatial Ability, Abstract Reasoning, Inductive
Reasoning, Deductive Reasoning, Problem Solving Ability in Mathematics,
Fluency, Flexibility and Originality were selected for the study as predictors or

independent variables.

Affective variables occupy a position not less than that of the cognitive
variables in effeéting high Achievement in Mathematics. Attitudes, interests,
anxiety, self-concept and achievement motivation are the key affective variables to
the educative process which serve both as ends and as means. Depending on
whether these are positively or negatively directed towards the educative process,
these are considered to promote or inhibit student behaviour in the classroom, at
home and in the peer groups and ultimately to learning and achievement. The
investigator therefore decided to incorporate the affective variables like
Mathematics Interest, Self-Concept  in Mathematics, Attitude towards
Mathematics, Attitude towards Academic Work, Mathematics Anxiety and
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Achievement Motivation in Mathematics for studying their predictive ability and

the relative role of each for higher Achievement in Mathematics.

Thus, a set of psychological variables consisting of ten cognitive and six
affective variables are used as the predictors (independent variables) of

Achievement in Mathematics in the study.
3.2. TOOLS USED

Tools used for the measurement of the criterion and predictor variables are

listed in Table 2 along with the psychometric characteristics of each.

TABLE 2

Details of the Tools Used

SL Tools used Reliability Validity
No.
i. | Test of Achievement in 0.79 (Test-retest) | 0.73 (Criterion
Mathematics (Investigator, 1998) related validity)
ii. | Test of Numerical Reasoning 0.73 (Test-retest) | 0.67 (Construct
(Sumangala & Malini, 1993) validity)
iii. | Test of Ability to use Symbols 0.70 (Test-retest) | 0.65 (Construct
(Sumangala & Malini, 1993) validity)
iv. | Test of Spatial Ability (Sumangala | 0.72 (Test-retest) | 0.62 (Construct
& Malini, 1993) validity)
v. | Test of Abstract Reasoning 0.72 (Test-retest) | 0.60 (Construct
(Sumangala & Malini, 1993) validity)
vi. | Test of Inductive Reasoning 0.80 (Test-retest) | 0.75 (Concurrent
(Investigator, 1998) validity)
vii. | Test of Deductive Reasoning 0.74 (Test-retest) 0.78, 0.65
(Investigator, 1998) (Construct
validity)
viii. | Test of Problem Solving Ability in | 0.76 (Test-retest) | 0.58 (Criterion
Mathematics (Sumangala & related validity)
Vijayakumari, 1996)

Table contd.....
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SL Tools used Reliability Validity

No.

ix. | Test of Mathematical Creativity 0.77 (Test-retest) | 0.62 (Criterion
(Sumangala, 1993) 0.77 (Cronbach's related validity)

Alpha
coefficient)

X. Mathematics Interest Inventory 0.76 (Test-retest) 0.58, 0.46, 4.45
(Sumangala & Vijayakumari, 1996) (Construct

validity)

xi. | Scale of Self-Concept in 0.82 (Test-retest) | 37.36, 0.67, 0.60
Mathematics (Sumangala & Malini, | 0.81 (Cronbach's (Construct
1993) Alpha validity)

coefficient) | 73 (Criterion
related validity)

xii. | Scale of Attitude towards 0.73 (Test-retest) | 0.60 (Criterion
Mathematics (Sumangala & Sunny, related validity)
1987)

xiii. | Scale of Attitude towards Academic | 0.83 (Test-retest) | 0.79 (Criterion
Work (Investigator, 1998) related validity)

xiv. | Scale of Mathematics Anxiety 0.86 (Test-retest) 0.57, 0.64
(Sumangala & Malini, 1993) 0.80 (Cronbach's (Construct

: Alpha validity)
coefficient)

xv. | Scale of Achievement Motivation in | 0.80 (Test-retest) | 0.72 (Construct
Mathematics (Sumangala & 0.83 (Cronbach's validity)
Vijayakumari, 1996) Alpl'xa 0.66 (Concurrent

coefficient) validity)

Each of the above tools is described below incorporating the essential

details like authority of the tool, variables measured by each, definition of the

variable and format of the tool, procedure of test development, nature of

items/ statements with examples, scoring scheme and psychometric characteristics

like reliability and validity.
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3.2.1. Test of Achievement in Mathematics

This test was developed and standardised by the investigator for the
present study to measure Achievement in Mathematics of standard IX pupils. For
the purpose, Achievement in Mathematics is defined as the tangible
accomplishment or proficiency of performance in Mathematics as a subject of

study.
3.2.1.1. Details of development of the test

Construction and standardisation of an achievement test involves
processes like planning, preparation, try out and finalisation, and hence the

details of the test development are presented under these headings.
3.2.1.1.1. Planning

As a preliminary to test prebaration, the investigator took decision on
matters like the content and objectives of the test, type of items to be used, item

difficulty, number of items and the duration of the test.

As the period' of data collection was decided during the initial phase of the
academic year, the investigator decided to have the content of the test as that of 8t

standard Mathematics.

For the format of the test items, number of items and for the test objectives,
the investigator decided to have the pattern of SSLC Examination as it is the
summative evaluation students are to face at the end of secondary schooling. For
this, the investigator reviewed previous SSLC question papers to understand the
structure of the test with regard to type of questions, educational objectives etc. It
was thus decided to have both objective (covering multiple choice, matching type
and completion type) and descriptive (short answer and essay) test items in the

test, following the patterns of SSLC Examination testing.

PO .
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According to Ebel and Frisbie!” (1991), norm referenced tests that are too
easy or too difficult will produce score distributions that make hard to identify
reliable inter individual differences. Investigator therefore decided that the test

items be of moderate difficulty.

As there are a number of tools to be administered for data collection,

duration of the test was limited to one hour with 24 items of 25 marks.

Blue print of the test incorporating the above decisions is given as Table 3.



TABLE 3

Blue-print of the Test of Achievement in Mathematics

Methodology

ii) Numbers outside the brackets indicate marks and those inside indicate the number of questions.

Objectives Knowledge Understanding Application Skill Total
1 Item format | O SA E O SA E O SA E SA E
Sets 12 212 3
(1) ©)
Proportion 2Y2 pa%)
(1)
Geometrical 3 3
constructions 1)
Areas & principles 2 12 3V,
@) (1)
Polynomials Ya Ya 3 4
(1) 1) (2)
True equations 1 5% 6Y2
(2) (2)
Square root 1 12 2Y2
) 1)
Total 3 15 4 3 25
Note: i) O - objective type SA - short answer type E - essay type

93
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3.2.1.1.2 Preparation of the test

Based on the criteria for preparing objective and descriptive items

suggested by Ebel and Frisbie!” (1991), the investigator prepared double the

number of items under each category of the blue print so as to have the desired

number of test items in the final test.

Examples of test items are given below.

What is the measure of an angle inscribed in a semi circle?

[90°, 60°, 45, 30°] (Knowledge)
What is the number of digits in the square root of 657666025?
[8, 6, 5, 4] (Understanding)

A work can be completed by 3 men or 6 women in 20 days. If so how
many days will be required for 12 men and 8 women together to complete
the same work? -

(Application)
If AB=7cm, BC=5cm, ZA= 75, /B=95°and £C=100° constructa
quadrilateral ABCD (Skill)

3.2.1.1.3. Scoring procedure

The scoring scheme of the test is as follows.

For every objective type item, one score for the correct response and zero
score for the incorrect response.
For the descriptive test items, scoring is as per the scheme prepared and

produced as Appendix IIL
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3.2.1.1.4. Try out of the test

The draft test was tried out, for finding the item validity, on a sample of
100 pupils of standard IX selected by stratified sampling technique from two
districts Kozhikode and Malappuram.

3.2.1.1.4.1. Item analysis

Item analysis is the process of finding out facility value (difficulty index)
and discrimination power of the test items. The two indices were worked out

separately for objective type items and for descriptive type items.

The discrimination power (DP)and the facility value (F.V) of each objective
tvpe item were found by using the formulae
U-L U+L

DP = ——— and FV = _
N 2N

respectively (Ebel's procedure) in which,

U is the number of right responses for the item in the upper group.
L is the number of right responses for the item in the lower group.

and N is the number of pupils in the upper or lower group.

The upper and lower groups were identified using the 27 percent cut off to

the scores of Achievement in Mathematics.

For descriptive type items discrimination power (DP) was estimated in
terms of critical ratios (CR) of the two tailed test of significance of difference
between means for small independent samples. The DP (CR) of the items were

estimated by using the formula
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X1-Xa
DP =
ﬁNl ~-1)52+ (N2 -1) S22 1 1
L N3 +N2-2 N1 N2

( Best & Kahn'$, 1992)
in which,
Xi is the mean score of the upper group on a given item,
X2 is the mean score of the lower group on the same item,
S12 is the variance of the distribution of responses of the upper group to the item,
S22 is the variance of the distribution of responses of the lower group to the item,

Nj and N> are the number of pupils in upper and lower group respectively.

Facility value ‘__(FV)'of the descriptive items were calculated using the

formula

Sum of marks by all students on the question
FV =

Sum of maximum marks obtainable on that question

(A.I.U. Monograph?®, 1977)

The indices of discrimination power and of facility value of the draft test items are

presented as Table 4.




Discrimination Power and Facility Value of

TABLE 4
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Items in the Draft Test of Achievement in Mathematics

Objective type Items Descriptive type Items

Item | Discri- | Faci- | Item | Discri- Faci- | Item | Discri- Faci-
No. | mination | lity No. | mination | lity No. | mination | lity

Power | Value Power | Value Power | Value

1 0.15 0.67 17* 0.60 0.59 33* 2.66 0.32
2* 0.33 0.50 18* 0.37 0.52 34* 17.00 0.46
3 0.11 0.61 19* 0.48 0.39 35 3.25 0.15
4 0.26 0.80 20* 0.56 0.57 36 3.58 0.17
5* 0.30 0.63 21* 0.37 0.41 37* 5.75 0.33
6* 0.37 0.52 22* 0.37 0.63 38* 8.31 0.61
7* 0.48 0.61 23 0.37 0.52 39 2.59 0.04
8 0.26 0.54 24* 0.66 0.59 40 215 0.26
9 0.19 0.76 25 0.15 0.81 41 375 0.18
10* | - 037 0.63 26* 0.41 0.46 42 2.00 0.28
11 0.07 0.78 27 0.26 0.50 43* 2.68 0.48
12* 0.56 0.54 28 0.15 0.52 44* 6.00 0.56
13* 0.41 0.54 29 0.26 0.20 45 5.00 0.13
14* 0.41 0.61 30 0.22 0.33 46* 6.67 0.37
15 0.26 0.43 31 0.11 017 | 47* 2.68 0.48
16 0.22 0.33 32 0.19 0.20 48 2.50 0.35

Note: * denotes the items selected for the final test.

3.2.1.1.5. Finalisation of the test

For a norm-referenced objective type achievement test, items having

discrimination indices of 0.30 or more are considered as good (Ebel and Frisbiel,

1991). Hence objective items which possess the discrimination index of 0.30 or
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more and having facility value (difficulty index) around 0.50 (of average
difficulty) were selected as items for the final test.

In the case of descriptive type items, items having discrimination index of
2.01 or more (t-value required for significance of difference between means at 0.01
level for N1 + N2-2 df) and facility value around 0.50 were selected for the final

test.

Thus, as per the blue print, the final test has 24 items, of which 16 are
objective type items and eight are descriptivé type items. The test is of 25 marks

and the time duration to answer the test is one hour.

Malayalam and English versions of the draft and final test are given as

Appendices I, II, IV and V respectively.
3.21.2. Reliability

Reliability of the test was estimated by test-retest method with an interval
of two weeks between the two testings. The obtained reliability coefficient
(Pearson's r) is 0.79 (N=40). This suggests that the test is highly reliable to measure

Achievement in Mathematics of secondary school pupils.
3.21.3. Validity

The test was constructed with adequate coverage of the content and
instructional objectives of the subject (vide Blue print) which are evidences of the

content validity of the test.

Empirical (criterion related) validity of the test is determined byAcorrelating
(Pearson's r) the test scores with that of a concurrent criterion viz., marks obtained
by students in Mathematics for the first terminal examination for a sample of 35

pupils on the assumption that high achievers in Mathematics in school
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examination will be high achievers in the test of Achievement in Mathematics.

The coefficient of validity thus obtained is 0.73.

The values of reliability and validity of the test thus suggests that "Test of
Achievement in Mathematics' is a valid tool for measuring Achievement in

Mathematics of secondary school pupils.
3.2.2. Test of Numerical Reasoning

Test of Numerical Reasoning is a part of the 'Test of Mathematics Aptitude'
developed and standardised by Sumangala and Malini in 1993. The test was
developed by finding Numerical Reasoning as a major component of mathematics
aptitude and by defining it as the ability of students to reason out in finding
solutions to numerical situations. It is the reasoning ability of students for doing
mathematical verbal problems and hence is an essential requisite of mathematics
aptitude, the ability to learn. A problem situation necessitates clear understanding
of the problem, processing of the data mentally as to what, how and why of the
problem and then applying the reasoning ability for reaching out the solution

required.

This test is with ten objective type items and is to be worked out in ten
minutes time.
Example:

When the radius of a circle is reduced by half, its area is

A. reduced to half B. doubled
C. reduced to one fourth D. not changed

3.2.2.1. Scoring procedure

As all the items are of objective type, the scoring scheme is 'one score for

each correct answer and zero score for every incorrect answer'.




Methodology 93

3.2.2.2. Reliability
Test-retest reliability coefficient of the test is 0.73 (N = 40) which suggests

that the test is highly reliable to measure the Numerical Reasoning of pupils.

3.2.2.3. Validity

The construct validity of the test was estimated by setting hypothesis that
the Numerical Reasoning scores will be positively and highly correlated with the
school examination marks in mathematics. The so obtained coefficient of
correlation (Pearson's r) with the first term examination marks in mathematics is

0.67 (N=40), suggesting that the hypothesis is highly validated.
A copy of the test is given as Appendix VL
3.2.3. Test of Ability to use Symbols

This test is also a part of the 'Test of Mathematics Aptitude' developed and
standardised by Sumangala and Malini in 1993. The test was developed by
defining Ability to use Symbols as the ability of students in handling
mathematical stbols with speed and accuracy in appropriate situations and as

an essential element of mathematics aptitude.

The test has five objective type items on the use of mathematical symbols to

solve problems and is to be answered in five minutes.
Example:

If + denotes multiplication, * denotes division and 0 denotes addition, what is the

value of the following?
12+ (14*7) 02 + 4

A. 40
C. 3
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3.2.3.1. Scoring procedure

As all the items are of objective type, the scoring scheme is 'one score for

each correct answer and zero score for every incorrect answer'.
3.2.3.2. Reliability

Test-retest reliability coefficient of the test is 0.70 (N=40) which suggests
that the test is highly reliable to measure Ability to use Symbols.

3.2.3.3. Validity

Construct validity of the test was estimated by setting hypothesis that the
scores of the test of 'Ability to use Symbols' will be positively and highly
correlated with the school examination marks in mathematics. The so obtained
coefficient of correlation (Pearson's r) is 0.65 (N=40) suggesting that the
hypothesis is highly validated.

A copy of the test is given as Appendix VII.
3.2.4. Test of Spatial Ability

Test of Spatial Ability is another subtest of ‘Test of Mathematics Aptitude’
developed and standardised by Sumangala and Malini in 1993. The test was
developed by finding Spatial Ability as a major component of mathematics
aptitude and by defining it as the ability of an individual to understand
differences and relationships between objects in space and to perceive the spatial
properties of an object. It is the ability to manipulate things mentally, to create a
structure in one's mind and to visualise objects in three dimension. In short, the
test is to test the pupil's ability to visualise geometric patterns in space and then

arriving at the correct solution.
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The test has eight objective type items and are to be answered in seven

minutes.
Example:

A cube is to be painted. Two adjacent faces should not be of the same colour.

Then the number of minimum colours required to paint the cube is

6 B. 3
C. 4 D. 5

3.2.4.1. Scoring procedure

‘As all the items are of objective type, the scoring scheme is 'one score for

each correct answer and zero score for every incorrect answer'.
3.2.4.2. Reliability

Test-retest reliability coefficient of the test is 0.72 (N=40) which suggests
that the test is highly reliable to measure Spatial Ability.

3.2.4.3. Validity

Construct validity of the test was estimated by setting hypothesis that the
Spatial Ability scores will be positively and highly correlated with the school
examination marks in mathematics. The so obtained coefficient of correlation
(Pearson's r) with the first term examination marks in mathematics is 0.62 (N=40),

suggesting that the hypothesis is highly validated.
A copy of the test is given as Appendix VIIL
3.2.5. Test of Abstract Reasoning

This test is also a component test of 'Test of Mathematics Aptitude'

developed and standardised by Sumangala and Malini in 1993. For the purpose,
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Abstract Reasoning is defined as the act or process of arriving at conclusion
through the use of symbols or generalizations rather than by concrete data. That
is, it is the ability of students to reason out abstract ideas in problem solving. This
test has three types of items viz., analogy, series and classification which often
forms part of intelligence testing. In these items, students are to arrive at answers

using reasoning ability rather than using rote memory or simple associations.

The test has 15 objective type items and are to be answered in eight

minutes.
Example:

In the following test item, determine the relationship between the first part of the
item. Then apply this relationship to the second part and select the right answer

from the given choices 1, 2, 3,4 and 5.

ISV NEVNE

A @@]

| 2 3 <+ 5

3.2.5.1. Scoring procedure

As all the items are of objective type, the scoring scheme is 'one score for

each correct answer and zero score for every incorrect answer'.
3.2.5.2. Reliability

The test-retest reliability coefficient of the test is 0.72 (N=40) which
suggests that the test is highly reliable to measure Abstract Reasoning.
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3.2.5.3. Validity

Construct validity of the test was estimated by setting hypothesis that the
Abstract Reasoning scores will be positively and highly correlated with the school
examination marks in mathematics. The so obtained coefficient of correlation
(Pearson's r) with the first term examination marks in mathematics is 0.60 (N=40),

suggesting that the hypothesis is well validated.
A copy of the test is given as Appendix IX.
3.2.6. Test of Inductive Reasoning

This test is constructed and standardised by the investigator for the present
study. This is developed to measure the inductive ability of secondary school
pupils.

Inductive Reasoning is .the r'éasoning that proceeds from the specific to the
general or from parts to the whole. It is the ability of generalization on the basis
of known facts and observations. That is, the individual is presented with a set of
elements and the task is to induce the rule structure relating the elements so that

the pattern can be completed or extended.

The draft test of Inductive Reasoning contains 40 multiple choice test items.
All the items are based on the concepts of mathematics taught at secondary school
level. Thus it is a content-based ability test. Time set for answering the test was

30 minutes.
Example:

A prism with 3 base edges has 5 faces.
A prism with 4 base edges has 6 faces.
A prism with 5 base edges has 7 faces.
Then, how many faces does a prism with 'n' base edges have?

A. n-2 B. n-1
C. n+1 D. n+2
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3.2.6.1. Scoring procedure

As all the items are objective type, scoring scheme of the test is to give one

score for each correct response and zero score for every incorrect response.
3.2.6.2. Standardisation of the test

Items for the final test were decided on the basis of item analysis - the
process of finding out the discrimination power (DP) and of facility value (FV) or
difficulty index of each item. As the present test is a power test, only
discrimination power of the items were estimated and considered as the index of

selection. This was done using a sample of 100 pupils.

The discrimination power of each item was calculated using the formula
DP = (U - L)/N (Ebel's procedure) where U is the number of correct responses in
the upper group; L is the number of correct responses in the lower group; N is
the number of pupils in the upper or lower group. The upper and lower groups

were identified using the 27 percent cut off to the scores of Inductive Reasoning,.

The estimated discrimination power of the draft test items are given as

Table 5.



TABLE 5

Discrimination Power of

Items in the Draft Test of Inductive Reasoning
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Item Discrimina- Item Discrimina- Item Discrimina-

Number | tion Power Number tion Power | Number tion Power
1* 0.52 14* 0.48 28* 0.48
2* 0.52 15* 0.72 29* 0.80
3* 0.60 16* 0.44 30* 0.60
4* 0.60 17* 0.64 31* 0.40
S5* 0.80 18* 0.72 32* 0.68
6* 0.68 19* 0.64 33 0.36
7* 0.48 20* 0.84 34* 0.52
8* 0.68 21* 0.60 35* 0.68
9* 0.68 22* 0.56 36* 0.52
10* 0.68 23* 0.84 37* 0.52
11* 0.64 24 0.28 38* 0.68
12* 0.56 25* 0.48 39* 0.64
13* 0.56 26* 0.60 40* 0.76

27* 0.60

Note: * denotes the items selected for the final test.

According to Ebel and Frisbiel? (1991), items with discrimination index

greater than or equal to 0.40 are very good items. So for the present test, items

with discrimination index greater than or equal to 0.40 were drawn as items for

the final test.
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Thus, the final test of Inductive Reasoning contains 38 items. The time limit
for answering the final test is decided as 30 minutes, on the basis of the

performance of the majority of students.

Malayalam and English version of the draft and final test are given as

Appendices X, XI, XII and XIII respectively.
3.2.6.3. Reliability

Reliability of the test was found by test-retest method with an interval of
two weeks between the two testings. The obtained reliability coefficient (Pearson's
r) is 0.80 (N=40). This suggests that the test is highly reliable to measure Inductive

Reasoning of secondary school pupils.
3.2.6.4. Validity

The test is face valid as it was accepted by a number of experienced subject
teachers the apparent ability of the test to measure the variable Inductive

Reasoning.

The concurrent validity of the test was established by correlating scores of
this test with the scores of the subtest on Inductive Reasoning of an available
standardised test "Test of Mathematical Abilities' (Sumangala and Menon, 1995).
The obtained validity coefficient (Pearson's r) is 0.75 (N=40), which suggests that
the present test is a valid one to measure the Inductive Reasoning of secondary

school pupils.
3.2.7. Test of Deductive Reasoning

This test is constructed and standardised by the investigator for the present
study to measure the deductive reasoning ability of secondary school pupils.
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Deductive Reasoning is the method of reasoning in which one moves from
general assumption to the specific application. That is, deductive reasoning starts
with generalized statements and then deduces particular instances from the

generalized statements.

The draft test of Deductive Reasoning contains 40 multiple choice test
items based on the concepts of mathematics at secondary school level. Time set for

answering the test was 50 minutes.
Example:

"The null set is a set with no elements in it". Which among the following is
a null set? "

A () B.
c. {0} D.

1
[
[ el
/
g
"

3.2.7.1. Scoring procedure

As all the items are objective type, scoring scheme of the test is 'one score

for each correct answer and zero score for every incorrect answer'.
3.2.7.2. Standardisation of the test

Items of the draft test were standardised by item analysis - by estimating
the discrimination power (DP) of each item. This was done using a sample of 100

pupils.

The discrimination power of each item was calculated using the formula
DP=(U-L)/ N.where U is the number of correct responses in the upper group; L
is the number of correct responses in the lower group; N is the number of pupils
in the upper or lower group. The upper and lower groups were formed based on

the 27 percent criteria of the sample chosen for item analysis.
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The estimated discrimination power of the draft test items are given as

Table 6.

TABLE 6

Discrimination Power of
Items in the Draft Test of Deductive Reasoning

Item Discrimina- Item Discrimina- Item Discrimina-
Number tion Power Number tion Power | Number tion Power
l* | (;;52 15* 0.68 29* 0.72
2* 0.56 16* 0.44 30* 0.56
3* 0.52 17* 0.88 31* 0.60
4* 0.68 18* 0.44 32* 0.64
5 0.16 19 0.12 33* 0.84
6* 0.60 20 012 34* 0.72
7 0.24 21* 0.64 35* 0.56
8* 0.76 22* 0.56 36* 0.72
9* | 0.36 23* 0.56 37 0.16
10 0.16 24> 0.72 38* 0.76
11* 0.72 25* 0.76 39* 0.36
12* 0.68 26* 0.44 40* 0.60
13 0.24 27* 0.64
14* 0.56 28 0.16

*Note: * denotes the items selected for the final test.

Items with discrimination index greater than 0.36 (0.36 in only two cases)

were drawn for the final test.
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Thus, the final test is with 32 items and the time set for answering it is 40
minutes which was decided on the basis of the performance of the majority of

students at the try out stage.

Malayalam and English version of the draft and final test are given as
Appendices XIV, XV, XVI and XVII respectively.

3.2.7.3. Reliability

Reliability of the test was found by test-retest method with an interval of
two weeks between the two testings. The obtained reliability coefficient (Pearson's
r) is 0.74 (N=40). This suggests that the test is highly reliable to measure the

Deductive Reasoning of secondary school pupils.
3.2.7.4. Validity

The test is face valid as a number of experienced subject teachers accepted

the apparent ability of the test to measure the variable Deductive Reasoning.

Construct validity of the test was examined by testing the following

hypotheses viz.,
i) The scores of Deductive Reasoning will fairly correlate with the scores of
Inductive Reasoning.

ii) The scores of Deductive Reasoning will fairly correlate with the scores of

Abstract Reasoning,.

On testing, using a sample of 35 students the correlation coefficients
(Pearson's r) obtained for the variable Deductive Reasoning with Inductive
Reasoning and Abstract Reasoning were found to be 0.78 and 0.65 respectively.
These values suggest that the two hypotheses are well substantiated.

Thus, the 'Test of Deductive Reasoning' is a valid one to measure the

Deductive Reasoning of secondary school pupils.
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3.2.8. Test of Problem Solving Ability in Mathematics

This test was developed by Sumangala and Vijayakumari in 1996. This test
is to measure the Problem Solving Ability in Mathematics of secondary school
pupils. Problem solving is a higher order ability requiring abilities like analysis,
synthesis and evaluation. Problem Solving Ability in Mathematics is the ability to
arrive at solutions to problems which involve the use of mathematics. To solve a
problem, the student must draw upon previously learned piece of knowledge,

skills and understanding in new situations.

The present test contains 26 problems, which are arranged under three
parts - Part I, Part Il and Part IIl. Part I has 19 multiple choice items; Part II has
two faulty proofs as test items and Part Il is with five descriptive type items. The
time allotted for answering the three parts are 30 minutes, four minutes and ten

minutes respectively. Hence the duration of the total test is 44 minutes.

Examples:
(Part I): 1. 2a+2b+2c=9. Ifc=1, whatisa+b +¢?
| A 8 B. 4
cC. 3 D. 2
(Part I): 2. i) 25-25=0
i) 5-5=0

i) 25-25/5-5=0
iv) 2-52/5-5=0
V) (5+5)(5-5)/5-5=0
'vi) 5+5=0
vii) 10=0
Find out the step at which error is committed first.
(Part III): 3. A man has one 5 litre and one 3 litre buckets. How can

he take 7 litre of water correctly using the two buckets.
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A copy of the test is given as Appendix XVIIIL.

3.2.8.1. Scoring procedure

In Part I, student has to select the correct answer from the four given
choices A, B, C and D for each item. As all the items are of objective type the
scoring scheme is, one score for each correct answer and zero score for every

incorrect one, providing a maximum score of 19 under Part 1.

In Part 11 as the student has to detect the step at which error takes place, the
scoring scheme is, one score for each correct detection of error and zero score for

every incorrect ones. The maximum score possible under this part is two.

As Part Il is of descriptive type, value points are predetermined to make
the scoring objective and for each value point, one score is assigned giving a

maximum score of 10.

The total score of Problem Solving Ability in Mathematics of an individual
is the sum of the scores obtained under Part I, Part II and Part III of the test.

3.2.8.2. Reliability

Reliability of the test was established by test-retest method on a sample of
40 students, the interval between administrations being three weeks. The
reliability coefficient obtained is 0.76, indicating that the test is satisfactorily
reliable.

3.2.8.3. Validity

The test has construct validity as the component abilities and the test items

are prepared on theoretical basis.

The criterion related validity of the test was estimated by correlating the
scores of the test with the scores of the 'Test of Mathematical Abilities' (Sumangala
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and Menon, 1995). The correlation coefficient (Pearson’s r) obtained is 0.58,

indicating that the test is valid.
3.2.9. Test of Mathematical Creativity

This test was developed and standardised by Sumangala in 1993. This test
is to measure the extent of creative ability in dealing with mathematical problems
of secondary school pupils of Kerala. The working definition evolved in the
development of the test is that mathematical creativity is the ability of pupils to
think divergently and to produce a number of original and rational responses to
specific stimulus situations. The test has seven such situations. The test is to be

responded in 32 minutes.

For the present study, this test is used to measure the variables Fluency,
Flexibility and Originality, which are the components of creativity. Fluency is the
ability to handle ideas in a rapid, flexible and logical way. It stands for the
number of relevant, rational responses excluding those repeated in an identical
form to given stimulus situations. Flexibility refers to the number of relevant
categoriés or ways in which the responses of the individual to an item fall.
Originality is the degree of novelty or unusualness in the responses made by an

individual.
Example:

Write as many numbers as possible so that the sum of the digits is seven (five

minutes).

Students are expected to write as many numbers as possible within the

time limit (five minutes) prescribed for the item.

A copy of the test is given as Appendix XIX.
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3.29.1. Scoring procedure

Each test item, and hence, the test is to be scored for the three component
abilities of creativity, viz., Fluency, Flexibility and Originality. Each item of the
test therefore receives three scores. The scores obtained for the components
Fluency, Flexibility and Originality of all the items are summated to get the total
score on Fluency, Flexibility and Originality.

For scoring, Fluency stands for the number of relevant, rational responses
(excluding those repeated in an identical form). One score each is then assigned

for each such rational response.

Flexibility refers to the number of relevant categories in which the
responses to an item falls. The responses are classified into categories and one
score is assigned to a category if at least one response comes under it. No

additional score is assigned for more than one response in a category.

The scheme for scoring Originality is based on differing degrees of

uncomntonness of the responses as shown in Table 7.

TABLE 7

Scoring Scheme of Originality

Sl. No. Grouping in terms of uncommonness of responses Scores
1 Responses given by less than 1 percent in the sample 5
2 Responses given by 1 to 2 percent in the sample 4
3 Responses given by 2 to 4 percent in the sample 3
4 Responses given by 4 to 7 percent in the sample 2
5 Responses given by 7 to 12 percent in the sample 1
6 Responses more than 12 percent in the sample 0
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3.2.9.2. Reliability

Test-retest reliability of the test is 0.77 (N = 35) and Cronbach's Alpha
coefficient of reliability is 0.77 (N=100), which implies that the test is highly
reliable.

3.2.9.3. Validity

Validity of the test was estimated empirically (criterion related validity) by
estimating its correlation coefficient (Pearson's r) with school examination marks
in mathematics as the external criterion. This coefficient was found to be 0.62 for

N=40.
3.2.10. Mathematics Interest Inventory

This inventory was developed by Sumangala and Vijayakumari in 1996.
For developing this inventory, Mathematics Interest is defined as pupil's interest
in dealing with mathematics as a subject of study. Interest is the disposition to
engage in activities. That is, the present inventory is to measure secondary school

pupil's interest in dealing with mathematics as a subject of study.

Each item of the inventory comprises of three similar activities (A, B and C)
of which one is a mathematical activity. Selection of a mathematical activity from
the three, as the preference for working will reveal the interest in mathematics.

This inventory contains 32 such sets of activities.
Example of an item:

A.  Reading biography of the mathematician Sreenivasa Ramanuja
B. Reading biography of the great leader Mahatma Gandhi
C.  Reading biography of the poet Rabindranath Tagore.

A copy of the inventory is given as Appendix XX.
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3.2.10.1. Scoring procedure

Each item is presented in the form of a set of three activities A, B, C and the
subject has to select the activity he/she likes most to do. If the selected activity is

related to mathematics, give a score of 'one'; otherwise give a zero score.
3.210.2. Reliability

Test-retest reliability of the inventory was estimated using a sample of 40
students with an interval of two weeks between the two administrations. The
correlation coefficient obtained is 0.76 which indicates that the inventory is

considerably reliable.
3.2.10.3. Validity

The inventory has face validity as each item of the inventory is a set of
three similar activities of which one is mathematical and the student is to mark

the activity he or she likes to do most.

The construct validity of the inventory was examined by setting the
following hypotheses -

i) The measures of the inventory will be positively related to measures of the

Scale of Attitude towards Mathematics.

ii) The measures of the inventory will be positively related to measures of

Mathematics Aptitude.

iliy  Score on the inventory will be high for the members of Mathematics Club

compared to those who are not members of the club.

On testing, using a sample of 40 students the correlation coefficients
(Pearson's r) obtained for the variable Mathematics Interest with Attitude towards
Mathematics and Mathematics Aptitude are 0.58 and 0.46 respectively. These
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values suggest that the first two hypotheses are substantiated. The critical ratio
obtained for the difference between mean scores on Mathematics Interest of the
members and non-members of Mathematics Club is 4.45, implying that the third
hypothesis is also validated.

Hence the inventory has construct validity and can be used to measure the

interest in mathematics of secondary school pupils.
3.211. Scale of Self-Concept in Mathematics

This scale was developed and standardised by Sumangala and Malini in
1993. The working definition set for the preparation of the scale is that Self-
Concept in Mathematics is one's estimation of himself/herself for his/her abilities

and weaknesses as a student of mathematics.

The scale is in the form of Likert's Attitude Scale and consists of 24

statements of which 18 are positive and six negative.
Example:
I always stand first in mathematics examinations.

A copy of the scale is given as Appendix XXL
3.211.1. Scoring procedure

As each statement of the scale is to be responded in either of the five ways
viz., Very much like this (A), Like this (B), Uncertain (C), Not like this (D) and Not
at all like this (E), the accepted scoring scheme of the scale is as follows. For
positive statements assign scores 5, 4, 3, 2 and 1 and for negative statements
assign scores 1, 2, 3, 4 and 5 to responses A, B, C, D and E respectively. The sum

of scores for all the statements is one's measure of Self-Concept in Mathematics.
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3.211.2. Reliability

Reliability of the scale is established by both test-retest method and by
Cronbach's Alpha coefficient. The indices are respectively 0.82 (N=35) and 0.81
(N=100), which suggests that the scale is highly reliable.

3.2.11.3. Validity
Construct validity of the scale was examined by setting hypotheses viz.,

i) The measures of the scale will discriminate significantly between groups

viz., high-achievers in Mathematics and low-achievers in Mathematics.

i) The measures of the scale will be positively related to measures of the scale
Attitude towards Mathematics.

iify  The measures of the scale will be positively related to measures on

Mathematics Aptitude.

On testing, using a sample of 30 students, the critical ratio for the first
hypotheéis is 37.36 and the coefficient of correlations (Pearson's r's) for second and
third hypotheses are 0.67 and 0.60 respectively, which suggests that the three
hypotheses are confirmed, indicating the construct validity of the scale.

The criterion related validity of the scale was established by correlating the
scores of the scale with that of Kerala Self-Concept Scale developed by Nair
(1980). The validity coefficient obtained is 0.73 (N=40).

3.2.12. Scale of Attitude towards Mathematics

This scale was developed and standardised by Sumangala and Sunny in
1987. For the development of the scale, Attitude towards Mathematics is defined
as the specific mental state of the individual towards the subject mathematics

according to which his behaviour towards it is moulded. It designates a measure
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of one's attitude towards various affective components of mathematics like value
of mathematics in society, awareness of oneself in dealing with modern
mathematics, motivation of mathematics, anxiety towards mathematics,
perception of mathematics teachers, enjoyment in mathematics and universalism
of mathematics. This is a five-point Likert type scale, having 30 statements

consisting of equal number of positive and negative statements.

Example:

Achievements due to the advancement of mathematics are beneficial to society.
A copy of the scale is given as Appendix XXII.

3.212.1. Scoring procedure

For a positive statement, scores 5, 4, 3, 2 and 1 respectively are to be given
to the responses Strongly Agree (SA), Agree (A), Undecided (U), Disagree (DA)
and Strongly Disagree (SD). For a negative statement, the scoring is in the reverse
order. The total score on the scale is obtained by summing up the scores for all

the statements.
3.212.2. Reliability

Test-retest reliability coefficient of the scale is 0.73, which suggests that the
scale is highly reliable to measure the Attitude towards Mathematics of secondary
school pupils.

3.2.12.3. Validity

In establishing the criterion related validity, the external criterion taken is
the scores obtained on a standardised achievement test (since cognitive and

affective behaviours are interrelated as found from studies). The coefficient of
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correlation (Pearson's 1), so obtained is 0.60, indicating that the scale is valid to

measure the Attitude towards Mathematics of secondary school pupils.
3.2.13. Scale of Attitude towards Academic Work

This scale is prepared by the investigator to measure - Attitude towards
Academic Work of secondary school pupils.

Attitudes are roughly defined as feelings for or against something. That is,
attitudes are related to what one thinks or believes about any object. In 1935,
Allport® defined attitude as a mental or neural state of readiness organised
through experience upon the individual's response to all objects and situations

with which it is related.

For the development of the scale, Academic Work is defined as the work
done in scHools or at home that involve abstract, theoretical, bookish, non-
practical and speculative learning activities. Therefore, to measure the extent of
favourableness or unfavourableness towards academic work, the investigator
found the dimensions of academic work as love or hate towards school as an
institution, teachers, academic subjects, classmates, home work, examinations,
theoretical pursuits, academic pursuits, academic aspirations, time management,

parental involvement in learning etc.

The tool is a Likert type five point scale developed using conventional
procedures of attitude scale construction. The draft scale is with 55 statements, of
which 28 are positive and 27 are negative. The statements are written following
the criteria evolved by Edwards?! (1957) and by referring to relevant literature in

the area.

To each statement the respondent has to mark the responses which may

reveal the degree of agreement or disagreement towards each statement in a five
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point continuum viz., Strongly Agree (SA), Agree (A), Undecided (U), Disagree
(D) and Strongly Disagree (SD).

Examples:

1. Opportunities to participate in discussions on academic subjects should not
be wasted (positive statement).
2. The success in examination depends largely on luck than on learning

(negative statement).
3.2.13.1. Scoring procedure

For a positive statement allot scores 5, 4, 3, 2 and 1 respectively to
responses SA, A, U, D and SD. For a negative statement, scoring is in the reverse
order. The total score for all the statements of the scale is the score of a student for

his/her Attitude towards Academic Work.
3.2.13.2. Standardisation of the scale

For the standardisation of the scale, item analysis was done by calculating
critical ratio (of two tailed t-test) to each statement which is an index of the ability
of the statement to discriminate between students of high level attitude towards
academic work and of low level attitude towards academic work. That is, the
discrimination power (DP) of each statement-was found by testing for significance
of difference between mean scores of upper and lower groups of Attitude towards
Academic work. The upper and lower groups were formed on the 27 percent
criteria of the sample chosen for item analysis. The critical ratio (t-value) of each

statement was found by using the formula, -
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.x—] "'.-X—Z
t = for N1+N2-2 df

MN1-1)S2+ (N2-1)522 1 1

Ni+N2-2 Ni N>

(Best & Kahn?3, 1992)
where,
X1 is the mean score of the upper group on a given statement,
X» is the mean score of the lower group on the same statement,
Si2 is the variance of the distribution of responses of the upper group to the
statement,
S»? is the variance of the distribution of responses of the lower group to the
statement,

N1 and N2 are the number of pupils in upper and lower group respectively.

Discrimination indices of the statements of the draft scale are given as
Table 8.
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TABLE 8

Discrimination Indices of the Statements
of the Draft Scale of Attitude towards Academic Work

Item Discrimina- Item Discrimina- Item Discrimina-
Number tion Index Number tion Index Number tion Index
by 2.53 20* 271 38* 2.33
2 -0.93 21* 2.63 39 2.00
3* 2.74 22* 2.06 40* 6.43
4 4.12 23 2.00 41* 3.56
5* 2.38 24 -0.11 42* 4.24
6* 219 25 1.71 43* 424
7* 248 26* 3.09 44* 8.00
8 1.03 27 453 45* 7.85
9* 516 28 1.23 46* 6.14
10* 2.88 29 0.23 47* 3.36
11* 3.86 30 0.74 48* 4.57
12 1.83 31> 3.66 49* 5.14
13 -1.71 32 311 50 1.40
14 0.76 33* 4.85 51* 3.78
15* 3.54 34* 5.47 52* 4.13
16 1.97 35* 4.96 53 6.32
17* 4.86 36* 227 54* 5.86
18* 10.20 37 -0.12 55* 4.69

19* 4.26

Note: * denotes the statements selected for the final scale.

Statements with t-values greater than or equal to 2.01, the tabled value of t
required for significance at 0.05 level for 52 df (N1 = N2 = 27) were selected for the
final scale.
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Thus, the final scale of Attitude towards Academic Work consists of 40

statements in which 19 are positive and 21 are negative.

Malayalam and English version of the draft and final scale are given as
Appendices XXIII, XXIV, XXV and XXVI respectively.

3.2.13.3. Reliability

Reliability of the scale was found by test-retest method with an interval of
two weeks between the two administrations. The obtained reliability coefficient is
0.83 (N=45), which suggests that the scale is highly reliable to measure Attitude
towards Academic Work of secondary school pupils.

3.213.4. Validity

Validity of the scale is established empirically by correlating the scores
obtained for the scale with the sum of the marks obtained by the students in the
first terminal school examinations for all subjects. The coefficient of validity
(Pearson's 1) thus obtained is 0.79 (N=35). This suggests that the scale is highly
valid to measure the Attitude towards Academic Work of secondary school
pupils. |

3.2.14. Scale of Mathematics Anxiety

This five point Likert type scale was developed and standardised by
Sumangala and Malini in 1993 to measure the feeling of apprehension in working
with mathematics. For the scale, Mathematics Anxiety is defined as the fearful
concerh, distress, nervousness, restlessness or a disturbed state of mind that arises
when working with mathematics. The scale is constructed on the assumption that
a feeling of apprehension could possibly spur a student into working hard and

hence improve his performance (anxiety in this case is facilitating) and if the
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apprehension is so intense that normal reasoning process is inhibited, then it is

fear and hence debilitating anxiety.

The scale consists of 29 statements among which 23 are for debilitating and

six are for facilitating anxiety.

Example:

I feel upset if I do not follow reading mathematics lessons.
A copy of the scale is given as Appendix XXVIL

3.214.1. Scoring procedure

To each statement students are to respond in either of the five ways viz,,
Strongly Agree (SA), Agree (A), Undecided (U), Disagree (D) and Strongly
Disagree (SD). For a debilitating anxiety statement the scores assigned are 5, 4, 3,
2 and 1, and for a facilitating anxiety statement the scores assigned are 1, 2, 3, 4
and 5 for responses SA, A, U, D and SD. Sum of the scores for all the statements

gives the total score on the scale.
3.214.2. Reliability

Test-retest reliability coefficient of the scale is 0.86 (N=36). Reliability
estimated as Cronbach's Alpha coefficient is 0.80 (N=100).

3.214.3. Validity
Construct validity of the scale is examined by testing the hypotheses viz.,

i) The measures of this scale will discriminate significantly between high-
and low-achievers in mathematics.

if) The measures of this scale will be negatively related to measures of the
Scale of Self-Concept in Mathematics.
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By testing, using a sample of 30 students, the above two hypotheses were
found confirmed (t-value = 38.21 and r = -0.63 respectively).

Validity of the scale is further estimated empirically by comparing the test
scores with the scores of the Kerala Examination Anxiety Scale (Nair, 1976) and by
correlating with Achievement scores in Mathematics. In the first case the
coefficient of correlation is 0.57 (N=40) and in the second case the coefficient of

correlation is -0.64 (N=40) indicating the scale as reasonably valid.
3.2.15. Scale of Achievement Motivation in Mathematics

This scale was developed by Sumangala and Vijayakumari in 1996 to
measure the striving of secondary school pupils to attain expected goals by
learning mathematics. For the development of the scale, Achievement Motivation
in Mathematics is defined as the striving of pupils to attain exp.ected goals by
learning mathematics. The scale consists of 42 statements on seven constructs
viz., Work ethic (the desire to work hard and excel in mathematics),
Acquisitiveness (motivation based on the reinforcing properties of position or
possessic;n), Dominance (desire to become a dominant member of the group),
Pursuit of excellence (competition with a standard of excellence in making the
best performance), Competitiveness (the satisfaction obtained while competing
with others), Status aspiration (reinforcement in improving the social status
hierarchy) and Mastery (the satisfaction obtained when succeeding in the study of
difficult matters). Out of these 42 statements 36 statements are positive and six

are negative to measure the construct.

Examples:
1. I like to do mathematical problems which others cannot (Positive
statement).

2, I prefer easy problems to hard and lengthy ones (Negative statement).
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A copy of the scale is given as Appendix XXVIII.
3.2.15.1. Scoring procedure

Students can respond to the statements in any of the three ways viz.,
Always, Sometimes and Never. For a positive statement the respective scores to
the three responses are 3, 2 and 1. For a negative statement the scores to be

assigned are 1, 2 and 3 for responses Always, Sometimes and Never.
3.2.15.2. Reliability

Reliability of the scale was established by test-retest method and the value
obtained is 0.80 (N=40). Reliability estimated as Cronbach's Alpha coefficient is
0.83 (N=52).

3.2.15.3. Validity

Construct validity of the scale was examined by testing the hypothesis that
the scores on the scale will be significantly related to the scores on the Test of

Achievement in Mathematics.

On testing, using a sample of 40 students it was found that the hypothesis
is confirmed (r=0.72), indicating the scale is construct valid.

Concurrent validity of the scale was also established by correlating
(Pearson's 1) the scores of the scale with that of Achievement Motivation Scale
developed by Pillai and Salimkumar in 1993. The validity coefficient obtained is
0.66 (N=40), suggesting the scale is concurrently valid.

All these indices indicate that the scale is reasonably valid to measure

Achievement Motivation in Mathematics.
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3.3. SAMPLE

The results of any research study is to have universal application for which
the whole population has to be studied, which often is impractical and impossible.
But the process of relevant sampling and inferential statistics makes it possible to
draw valid inferences of the parameters on the basis of careful and apt

measurement of the variables involved in the study.

For the present study, the population is secondary school pupils of Kerala.
Huge size of this population warranted the necessity of studying the population
through an adequate representative sample. Therefore a representative sample of
the population was drawn by looking into three major aspects viz., technique of

sampling, factors considered in the sampling and size of the sample.
3.3.1. Technique of Sampling

The population consists of large number of pupils belonging to different
strata like gender, locale of the school, type of school management etc. Because of
this stratification in the population, the investigator decided to adopt stratified
sampling method for drawing the sample by which a good representative of the
population will be obtained. When the population is composed of subgroups or
strata of different sizes Garrett?? (1966) suggested stratified sampling method.

3.3.2. Factors Considered in the Sampling

The following factors, which are the characteristics of the population were

taken into consideration while drawing the sample.

i) Gender
ii)  Locale of the schools

ilf)  Type of management of schools
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The rationale for considering each of these strata or factor in the sample is

discussed below.
3.3.2.1. Gender

Gender difference is often observed and reported in many of the
psychological variables and in academic achievement (Driver?, 1993; Gillespie®,
1994; Malini”, 1995). So the investigator considered gender as a factor for sample
selection. Since the number of boys and girls in secondary schools is almost equal
(Fifth All India Educational Survey?¢, 1992), the investigator gave almost equal

representation to boys and girls in the proposed sample.
3.3.2.2. Locale of the schools

Often student's performance in examinations differ between rural and
urban school children and hence locale of the schools was considered as a factor
for sample selection. In Kerala, the ratio of rural and urban secondary schools is
approximately 51 (Fifth All India Educational Survey?, 1992). Hence the

investigator selected schools for the sample in the ratio 5:1.
3.3.2.3. Type of management of school

Many studies revealed that private and government school pupils differ in
their academic achievement (Sethumadhavan?’, 1993; Saleena®, 1997). The ratio
of private and government schools in Kerala is approximately 3:2 (Fifth All India
Educational Survey?, 1992). Hence the investigator selected Private and

Government Schools for the sample in the ratio 3:2.
3.3.3. Size of the Sample

While deciding the size of the sample, the investigator considered the

following:
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i) a sample should be large enough to reduce the magnitude of sampling
error within admissible limit (Best and Kahn3, 1992).

Krech and Crutchfield? (1968) have observed that sample size of 500
would yield reasonably good results which would keep the error less than five

percent.

1i) Sample should be small enough to be selected economically (Best and
Kahn?$, 1992).

For the present study there are fifteen tools to be administered to the
sample, which requires much time and effort of the test takers.

Considering all these, the investigator decided to have a sample of size 530
belonging to six districts of Kerala viz., Thiruvananthapuram, Kollam, Thrissur,
Malappuram, Kozhikode and Kannur, drawn by stratified method.

The break-up of this proposed sample of size 530 is given as Table 9.

TABLE 9
Break-up of the Initial Sample

Gender Locale of Schools Type of School Management
Boys Girls Rural Urban Private Government .
265 265 442 88 318 212
(N =530) (N =530) (N =530)

3.4. DATA COLLECTION PROCEDURE

After fixing the sample, adequate copies of the tools and response sheets
were got printed. Then a schedule for administering the tools was prepared by
visiting the Heads of the proposed schools. The investigator at this time sought
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the cooperation of the concerned class teachers for the successful completion of
data collection. As there were fifteen tools to be administered for measuring the
variables, the investigator had to go to each school thrice for fully administering

the tools.

A uniform procedure was followed in administering the tools in the
selected schools. At the time of administration all the students were informed
about the nature of each test and the purpose for which these were given. The
question booklets and the response sheets were distributed to the pupils as sets
one after one. As the tools are of different nature, the method of responding are
different and hence the investigator explained the procedure of marking
responses of each tool at the time of administration. Time limits were strictly kept
wherever necessary and doubts were cleared then and there. All the test

materials and response sheets were collected back after the due time.
3.5. SCORING AND CONSOLIDATION

After the data collection, response sheets were checked for personal details
and for éompleteness of the data. During this, incomplete response sheets were
rejected primarily and response sheets that are complete in all respects were

retained for scoring,.

Rejection of the incomplete response sheets resulted in a reduction of the
size of the sample from 530 to 500. The break-up of this final sample of 500 pupils

is given as Table 10.
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TABLE 10
Break-up of the Final Sample

Gender Locale of Schools Type of School Management
Boys Girls Rural Urban Private Government
244 256 413 87 297 203

Total (N) =500

School-wise distribution of the final sdmple is given as Appendix XXIX.

Response sheets of the fifteen tools were then scored using the scoring
scheme of each. All the test scores were then consolidated incorporating student's
personal data. The data was so entered and consolidated as to facilitate statistical

analyses by means of computer.
3.6. STATISTICAL TECHNIQUES USED FOR ANALYSIS

Computer facilities were adopted (by using the software programme SPSS)
to do the major statistical analysis of the data. The inferential statistics employed

in the study are as follows.
3.6.1 One-way Analysis of Variance (Best and Kahn?$, 1992)

Analysis of variance is an effective way to determine whether the means of
more than two samples are too different to atixibute the sampling error. The

procedure of one-way ANOVA is through the following stepwise calculations.
Step 1: Total sum of squares, SS; = X2 - (XX)2/N
Step 2:Between groups sum of squares

SSh= (SXa)2/m1 + (EX2/mat ... .- (EXP/N
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Step 3: Within groups sum of squares, SS., = SSi- SS»

Step 4 : Mean square between, MSy = SSp/dfy, and
Mean square within, MS., = SSw/dfw

Step 5: F-ratio, F = MSy/MS.,

If for a required level of significance and for( k-1, N-k) degrees of freedom,
the obtained value of F is higher than the tabled value of F, the difference in the
group means is said to be significant for that level of significance.

3.6.2. Scheffe’s Test for Multiple Comparison (Ferguson3(, 1976)

The procedure of Scheffe's test for multiple comparison which is often used

as a follow up of the ANOVA test is as follows:

Stepl : Calculate F-ratio between the pairs of means by using the within-

group variance estimate.

Step2 : Consult a table of F and obtain the value of F required for
significance at 0.05 or 0.01 level for df; = k-1 and df, = N- k.

Step3 : Calculate F' where F'= (k-1) F
Step4 : Compare the values of F and F'.

For any difference to be significant at the required level, F must be greater
than or equal to.F'.

3.6.3. Pearson's Product Moment Coefficient of Correlation (Garrett?, 1966)

Coefficient of correlation between relevant pair of variables is computed by

means of the following formula which is in terms of raw scores or measures.
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NEXY -2 X2Y

Tay where ,

v INZX2 - (£X)7] [NEY? - (Y]

2 X is sum of the X scores;

2 Y is sum of the Y scores;

2.X21is sum of the squared X scores;

2.Y?is sum of the squared Y scores;

2. XY is sum of the products of paired X and Y scores, and

N is number of paired scores.

3.6.3.1. Test of significance of the correlations by Fisher's t-test (Best and
Khan?8, 1992)

This is done by checking whether the t-value obtained by the formula

rvN -2

V1-12
exceeds 1.96 or 2.58, for significance at 0.05 level and 0.01 level respectively where

'r' is the obtained correlation coefficient in each case.
3.6.3.2. The 0.99 confidence interval of r [Garrett?2, 1966)

The limits within which the population r may lie with 99 percent confidence (0.99
confidence interval of r) are calculated using the formula

{r+2.58 SEr}
where SEr, the standard error of 1, is computed by the formula

1-12

SEr =
\JE -1

r being the obtained coefficient of correlation.
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3.6.3.3. Verbal descriptions of r [Garrett??, 1966]

The magnitude of each r is described for the degree of relationship using

the below given explanations.

r from 0.00 to + 0.20 : indifferent or negligible relationship
r from + 0.20 to + 0.40 : low or slight relation

r from + 0.40 to + 0.70 : substantial or marked relationship
r from + 0.70 to + 1.00 : high to very high relationship.

3.6.3.4. Shared variance [Fox31, 1969]

Shared variance, the percentage of the variance of the criterion variable
accounted by the predictor variable, is calculated using the formula r?x100, r being

the obtained correlation coefficient between the criterion and predictor variables.
3.6.3.5. The coefficient of predictive efficiency [Garrett?2, 1966]

The coefficient of predictive efficiency is calculated using the formula

E = 1-k where k = V1 - 12 r being the obtained correlation coefficient.

3.64. Step-wise Regression Analysis (by ANOVA approach) [Cohen &
Manion,32 1989]

This is a statistical technique to select the set of variables that best predicts

the criterion variable and that eliminates superfluous predictor variables.

In regression analysis, the predictor variables are entered one by one on the
basis of the size of the partial correlation to see the extent of contribution of each
variable in predicting the criterion variable. Hence, as the first step, predictor
variable having the highest correlation with the criterion variable is entered.
Then, the variable having the next highest partial correlation is entered second
and so on. Proceeding like this, a stage may come that further entering of
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variables won't make significant change either in the percentage variance or in R.
It is an indication that the variable entered last and the remaining variables are

not significant predictors of the criterion variable.
A model Table of step-wise regression analysis is given as Table 11.

TABLE 11

Model Table of Step-wise Regression Analysis

Variable entered
Multiple R

Percentage variance

SEgr = B

Beta

DF

Source MSS

Total

Regression

Residual

3.6.4.1. The coefficient of determination R?

The coefficient of determination, R? in terms of B and r which gives the
efficiency of each predictor variable in predicting the criterion variable is

calculated using the formula

RiZ23,....on) = Br23tnaf2+B32u.a T3+ Bun. aTut ... .+ B2 . (a1

where 1 stands for the criterion variable and 2, 3, .... for the significant predictor

variables as found by regression analysis.

The product of  and r is used as the index of the predictive efficiency.
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3.6.5. Discriminant Function Analysis [Tacq®, 1997]

To discriminate the population groups, discriminant function analysis by

direct method was used, which involves mainly three steps.

Stepl : Prior classification of the sample into defined groups which are

proposed to be discriminated.

Step2 : Analysis by means of the many discriminating characteristics which
results in two functions (in the case of three groups situation) which
are linear combinations of the selected variables in the form of
D =Bo + BiXq1 + B2Xa +. ... + B.Xr where B's are the linear coefficients
estimated from the data and Xi, Xz, . . . X, are the predictor variables
used in the study.

Step3 : Testing the effectiveness of the discriminant functions to discriminate
groups and the estimation of the canonical coefficients for the

classification of new cases into the three groups.
3.6.6. Fa‘ctor Analysis [Kim and Mueller®, 1978]

Given an array of correlation coefficients for a set of variables, factor
analytic technique enable us to see whether some underlying pattern of
relationships exists such that the data may be rearranged or reduced to a smaller
set of factors or components that may be taken as source variables accounting for

the observed interrelations in the data.

In order to make a meaningful patterrﬁng of variables, the factors obtained

through Principal Component Analysis was undergone varimax rotation.

The nature and content of the rotated factors were identified using the

following criteria:
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Locate the group of variables on which the factor has the highest loadings.
Locate the group of variables on which the factor has the lowest loadings.
Examine the possibility of different factors becoming independent.

Treat factor loadings with absolute values greater than 0.30 as significant
and other factor loadings as not significant.

Factor loadings above + 0.90 - extremely high presence/absence of the
variable.

Factor loadings between + 0.70 and + 0.90 - very high presence/ absence of
the variable.

Factor loadings between + 0.55 and * 0.69 - considerable presence/
absence of the variable.

Factor loadings between + 0.40 and + 0.54 - somewhat presence/ absence
of the variable.

Factor loadings between + 0.30 and + 0.39 - slight presence/absence of the
variable.

Factor loadings below + 0.30 - negligible presence/absence of the variable.
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tatistical analysis is the mathematical process of organizing, analysing

Sand interpreting numerical data and is one of the basic phases of the
research process. The primary interest in studying a sample is to infer the
population characteristics by the use of inferential statistics. In this study also, the
investigator has made use of inferential statistics for hypothesis testing and hence

for arriving at answers to the questions posed or stated.

Details of the statistical analyses done to test the hypotheses and hence to
tackle the objectives are discussed in this chapter with the findings of each.

The study is done with the major hypothesis viz.,, "Achievement in
Mathematics of secondary school pupils can besignificantly predicted by means of

the select set of psychological variables."

The major hypothesis was tested by means of the following hypotheses, the
testing of each of which is analogous to the testing of the major hypothesis of the
study.

i) Each select psychological variable has significant effect on Achievement in

Mathematics.

ii) Significant relationship exists between each psychological variable and

Achievement in Mathematics.
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Achievement in Mathematics can be significantly predicted by a

combination of the predictor variables.

Group membership as High-, Average- and Low- Achievers in
Mathematics can be effectively predicted using linear discriminant
functions in terms of the significant predictor variables of Achievement in

Mathematics.

The position of significant predictors of Achievement in Mathematics in
the psychological factor structure of the groups High-, Average- and Low-
Achievers will be different in terms of factor loadings and hence of

communalities.

Details of the statistical analyses and discussion of results are presented

under six major heads viz,,

1.

Preliminary Analysis
Effect of the psychological variables on Achievement in Mathematics.
Relation of psychological variables with Achievement in Mathematics.

Identification of the significant predictors of Achievement in Mathematics

by regression analysis and estimation of their predictive efficiency.

Effectiveness of the significant predictors (identified by regression analysis)
in predicting group membership like High-, Average- and Low- Achievers

in Mathematics.

Significant predictors (identified by regression analysis) in the
psychological factor structures of High-, Average- and Low- Achievers in
Mathematics.
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41. PRELIMINARY ANALYSIS

As a preliminary to the inferential statistics, the investigator had worked
out certain essential descriptive statistics like mean, median, mode, range,
standard deviation, skewness, kurtosis and standard error of means of all the

select psychological variables for the whole sample (N=500).

These essential descriptive statistics are presented in Table 12.




Basic Statistics of all the Variables

TABLE 12

Analysis

sl Standard Standard
' Variables Mean | Median | Mode | Range s Skewness | Kurtosis | error of
No. deviation
means
Criterion Variable
1. | Achievement in Mathematics 8.31 8.00 6.50 18.50 4.30 0.27 -0.67 0.19
Predictor Variables
2. | Numerical Reasoning 3.07 3.00 3.00 13.00 1.63 1.01 3.22 0.07
3. | Ability to useSymbols 291 3.00 5.00 5.00 1.81 -0.29 -1.14 0.08
4. | Spatial Ability 2.56 3.00 3.00 7.00 1.29 0.27 0.31 0.06
5. | Abstract Reasoning 7.71 8.00 7.00 32.00 2.66 -0.03 -0.40 0.12
6. | Inductive Reasoning 23.65 24.00 28.00 32.00 8.74 -0.16 -1.13 0.39
7. | Deductive Reasoning 16.95 16.00 11.00 31.00 7.49 0.48 -0.83 0.34
8. | Problem Solving Ability in 8.69 8.00 9.00 28.00 4.51 0.76 0.44 0.20
Mathematics
9. | Fluency 34.21 33.00 28.00 66.00 16.35 0.77 -0.15 0.73
10. | Flexibility 28.21 26.00 26.00 72.00 14.69 0.63 -0.04 0.66
11. | Originality 14.36 15.00 16.00 29.00 5.11 -0.04 -0.11 0.23
12. | Mathematics Interest 8.84 9.00 9.00 26.00 4.56 0.83 0.98 0.20
13. | Self-Concept in Mathematics 75.91 75.00 70.00 76.00 12.85 0.10 -0.14 0.58
14. | Attitude towards Mathematics | 112.39 113.00 | 105.00 86.00 15.07 -0.18 -0.41 0.67
15. | Attitude towards Academic 137.20 136.00 | 144.00 95.00 20.86 0.15 -0.84 0.93
Work
16. | Mathematics Anxiety 83.33 84.00 89.00 76.00 14.65 -0.19 -0.17 0.66
17. | Achievement Motivation in 91.00 91.00 91.00 79.00 11.61 0.04 0.16 0.52
Mathematics
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From the Table 12, it can be seen that there is not much variation between
values of the three measures of central tendencies viz., mean, median and mode

of the psychological variables.

The range and standard deviation of each of the psychological variables

shows the scattering of scores in each variable.

Indices of skewness suggest that the distributions of the variables like
Achievement in Mathematics, Numerical Reasoning, Spatial Ability, Deductive
Reasoning, Problem Solving Ability in Mathematics, Fluency, Flexibility,
Mathematics Interest, Self-Concept in Mathematics, Attitude towards Academic
Work and Achievement Motivation in Mathematics are slightly positively
skewed. For the variables Ability to use Symbols, Abstract Reasoning, Inductive
Reasoning, Originality, Attitude towards Mathematics and Mathematics Anxiety,

the distribution is slightly negatively skewed.

The indices of kurtosis of the variables Achievement in Mathematics,
Ability to use Symbols, Abstract Reasoning, Inductive Reasoning, Deductive
Reasoning, Fluency, Flexibility, Originality, Self-Concept in Mathematics, Attitude
towards Mathematics, Attitude towards Academic Work and Mathematics
Anxiety are less than zero. This indicates that these distributions are slightly
platykurtic. The distribution is leptokurtic for the variables Numerical Reasoning,
Spatial Ability, Problem Solving Ability in Mathematics, Mathematics Interest and

Achievement Motivation in Mathematics.

In general, the distribution of the psychological variables do not depart
appreciably from normality.
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4.2. EFFECT OF THE PSYCHOLOGICAL VARIABLES ON ACHIEVEMENT
IN MATHEMATICS

The first objective set for the study is to test whether the select
psychological variables have significant effect on Achievement in Mathematics,
that is, to test for the ability of each select psychological variable to discriminate
significantly between the three groups of Achievers in Mathematics viz., High-,
Average- and Low-, the technique of one-way analysis of variance was used.
Further, Scheffe's test of multiple comparison of mean scores was used to study
pairwise group differences in the case of variables having significant effect on

Achievement in Mathematics.

The computation of analysis of variance theoretically warrants that some
basic assumptions are to be met. The basic assumptions underlying the use and

interpretation of analysis of variance according to Wiersma (1986) are:

i) Measurement of dependent variable, the variable whose data are being

analysed, is on atleast an interval scale.

i) The scores (criterion or dependent variable) are selected from a population

distribution that is normally distributed.

iii) ~ When two or more populations are being studied, they have homogeneous

variance.

iv)  The observations or scores are independent, which means that the score of

one individual is not influenced by the score of any other.

As the test of Achievement in Mathematics (criterion or dependent

variable) was constructed in such a way that the scores of the test possess the
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characteristics equality, magnitude and equal interval, the first assumption for

analysis of variance is satisfied.

For the verification of the second assumption, the investigator computed
statistics like mean, median, mode, standard deviation, skewness and kurtosis of
the criterion (dependent) variable Achievement in Mathematics. Values of these

statistics are presented as Table 13.

TABLE 13

Descriptive Statistics of the Variable Achievement in Mathematics

Mean Median Mode Standard Skewness Kurtosis
Deviation
8.31 8.00 6.50 4.30 0.27 -0.67

The indices obtained for the two measures of central tendency viz., mean
and median are approximately equal but not of mode. The coefficients of
skewness and kurtosis suggest that the distribution is slightly positively skewed
and slightly platykurtic. The investigator therefore prepared smoothed
frequency curve of the measures of the variable Achievement in Mathematics for

the total sample and this is presented as Figure 1.

!
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The statistical constants and the graphical representation reveals that the
distribution of the variable Achievement in Mathematics is not badly skewed and

follows approximately a normal distribution.

Third assumption for analysis of variance is homogeneity of variances
across the different groups or samples of study. Studies with large samples are
sufficient reasons for the statistical acceptance of homogeneity of variance. Here
the size of the total sample is 500 and of the subsamples are 108 for High-
Achievers, 289 for Average- Achievers and 103 for Low- Achievers. Hence the

third assumption is satisfied.

Fourth assumption for analysis of variance is that samples drawn should
be independent. Here, the three groups of achievers viz., High-, Average- and
Low- were framed following the conventional procedure of 's' distance from
mean ‘M'. By this, 108 subjects who obtained achievement scores of 12.5 and
above (mean = 8.31, SD = 4.30) were treated as High- Achievers; 103 subjects who
obtained scores of 4 and below were treated as Low- Achievers and 289 subjects
who obtained achievement scores between 4 and 12.5 were treated as Average-
Achievers. This implies that the three groups or the three subsamples subjected

to study are independent.

As all the four assumptions of analysis of variance are nearly satisfied, the
investigator decide to go ahead with the computer application of analysis of
variance. The results obtained by the one-way analysis of variance technique

with regard to the select psychological variables are presented in Table 14.



TABLE 14

Results of Analysis of Variance for the Effect of
Psychological Variables on Achievement in Mathematics
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SL Psychological Source of Sum of Mean F-ratio
No. Variables Variance Squares squares
1. | Numerical Between groups 69.40 34.70 13.67**
Reasoning Within groups 1261.42 254
2. | Ability to use Between groups 173.81 86.91 29.42*
Symbols Within groups 1468.32 2.95
3. | Spatial Ability Between groups 17.21 8.60 5.24**
Within groups 816.11 1.64
4. | Abstract Between groups 515.26 257.63 4237
Reasoning Within groups 3022.11 6.08
5. | Inductive Between groups 11614.82 5807.41 108.86**
Reasoning Within groups 26512.63 53.35
6. | Deductive Between groups 7202.20 3601.10 86.19**
Reasoning Within groups 20764.65 41.78
7. | Problem Solving | Between groups 2774.27 1387.14 9341+
Ability in Within groups 7380.30 14.85
Mathematics
8. | Fluency Between groups 26497.95 13248.98 61.65**
Within groups 106812.42 214.91
9. | Flexibility Between groups 20584.02 10292.01 58.75**
Within groups 87070.35 175.19
10. | Originality Between groups 1531.89 765.94 33.07**
Within groups 11509.86 23.16
11. | Mathematics Between groups 482.27 241.14 1210
Interest Within groups 9903.56 19.93
12. | Self-Concept in Between groups 2368.26 1184.13 7.36**
Mathematics Within groups 80013.04 160.99
13. | Attitude towards | Between groups 7582.81 3791.40 17.83**
Mathematics Within groups 105659.92 212.60
14. | Attitude towards | Between groups 40032.58 20016.29 56.18**
Academic Work | Within groups 177082.02 356.30
15. | Mathematics Between groups 10446.75 5223.37 26.86**
Anxiety Within groups 96639.80 194.45
16. | Achievement Between groups 2303.96 1151.98 8.81**
Motivation in Within groups 64969.02 130.72
Mathematics

Note: N =500
Degrees of freedom for between groups is 2 and for within groups is 497.

** indicates P <0.01




Analysis 146

The results of analysis of variance given in Table 14 indicates that ther F-
ratios obtained of all the sixteen psychological variables exceed 4.65, the tabled
value of F required for significance at 0.01 level for (2, 497) degrees of freedom.
This suggests that the mean scores of all the psychological variables are \
significantly different between High-, Average- and Low- Achievers in
Mathematics. This implies that each psychological variable is able to discriminate
significantly between the three groups of achievers viz. High-, Average- and Low-
Achievers in Mathematics. This further suggests that all the sixteen psychological

variables have significant effect on Achievement in Mathematics.

The psychological variables having significant effect, that is, showing
significant difference between the three groups of achievers in the order of the
magnitude of F-ratio are Inductive Reasoning, Problem Solving Ability in
Mathematics, Deductive Reasoning, Fluency, Flexibility, Attitude towards
Academic Work, Abstract Reasoning, Originality, Ability to use Symbols,
Mathematics Anxiety, Attitude towards Mathematics, Numerical Reasoning,
Mathematics Interest, Achievement Motivation in Mathematics, Self-Concept in

Mathematics and Spatial Ability.

As it was found that the means of all the psychological variables differ
significantly between High-, Average- and Low- Achievers in Mathematics, the
investigator tested for pairwise group differences of each variable by means of

Scheffe's test of multiple comparison of means for large independent samples.

As there are three groups for comparison, the test was done for group pairs
like High- and Average- Achievers in Mathematics, High- and Low- Achievers in
Mathematics and for Average- and Low- Achievers in Mathematics. Necessary

statistics of these tests and the obtained F's are given in Table 15.




Results of the Scheffe's Test of Multiple Comparison of the Means of the

TABLE 15

Psychological Variables Between High-, Average- and Low- Achievers in Mathematics

Analysis

Mean score of the psychological variable M F-value obtained for the comparison
: ean squares ; :
S1. Psychological Variables High- Average- Low- of within High- and High- and | Average- and
No. Group Group Group group (MS.) Average- Low- Low-
(N=108) (N=289) (N=103) i Achievers Achievers Achievers
1. | Numerical Reasoning 3.75 294 2.69 2.54 22.00* 22.40* 2.00
2. | Ability to use Symbols 3.80 291 1.98 2.95 19.75** 55.17* 21.50%*
3. | Spatial Ability 2.90 2.50 2.37 1.64 8.00** 9.33** 1.00
4. Abstract Reasoning 9.57 7.37 6.69 6.08 69.14** 69.08** 5.75
5. | Inductive Reasoning 31.96 22.74 17.49 53.35 132.83* 207.31* 39.94**
6. | Deductive Reasoning 23.71 16.00 12.54 41.78 118.88** 157.94** 22.17**
7. | Problem Solving Ability 12.81 8.18 5.80 14.85 119.11% 175.50** 29.79*
in Mathematics
8. | Fluency 48.38 35.21 26.25 214.91 67.23%* 120.03** 28.77*
9. | Flexibility 38.96 27.30 19.48 17519 64.74** 113.95* 26.82%*
10. | Originality 17.60 13.75 12.68 23.16 52.93* 55.02** 3.80
11. | Mathematics Interest 10.68 8.47 7.96 19.93 20.33* 19.47* 1.00
Self-Concept in
12. Mathematics 80.04 75.21 74.62 160.99 12.09* 9.60** 0.17
Attitude towards .
13. Mathematics 119.68 110.87 109.00 212.60 30.44* 28.23** 1.27
Attitude towards .
14. Academic work 150.56 137.27 123.01 356.30 41.27* 112.11% 43.92*
15. | Mathematics Anxiety 89.32 84.11 75.53 194.45 11.65** 51.53* 29.10%
16, | Achievement Motivation 95.05 90.07 89.33 130.72 15.80% 13.19% 032
in Mathematics
Note: F-value needed for significance at 0.01 level is 9.30 and at 0.05 level is 6.02. ~
** indicates p<0.01. ~
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The results given in Table 15 are described below under three headings of

group difference.

4.23. Comparison of High- and Average- Achievers in Mathematics for the

Mean Scores of Psychological Variables

The F-values obtained for the High-Average group comparison of mean
scores of all the sixteen psychological variables are greater than 9.30, the value of
F' required for significance at 0.01 level. This suggests that there exists significant
difference in the mean scores of each psychological variable between High- and
Average- Achievers in Mathematics. Stated differently each psychological
variable is capable of differentiating High- Achievers in Mathematics from

Average- Achievers in Mathematics.

4.2.2. Comparison of High- and Low- Achievers in Mathematics for the Mean

Scores of Psychological Variables

Comparison of the mean scores of all the sixteen psychological variables
between‘ High- and Low-Achievers in Mathematics revealed that the obtained F-
values of all the psychological variables exceed 9.30, the value of F' required for
significance at 0.01 level. This suggests that there exists significant difference in
the mean scores of all the psychological variables between High- and Low-
Achievers in Mathematics. Stated differently all psychological variables are able
to discriminate significantly between High--Achievers in Mathematics and Low-

Achievers in Mathematics.

4.2.3. Comparison of Average- and Low- Achievers in Mathematics for the

Mean Scores of Psychological Variables

Comparison of the mean scores of the psychological variables between

Average- and Low- Achievers in Mathematics suggests that the F-values of only
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eight variables viz., Ability to use Symbols, Inductive Reasoning, Deduct‘ive
Reasoning, Problem Solving Ability in Mathematics, Fluency, Flexibility, Attitude
towards Academic Work and Mathematics Anxiety are greater than 9.30, the
value of F' required for significance at 0.01 level. That is, there exists significant
difference in the mean scores of only these eight psychological variables between

Average- and Low- Achievers in Mathematics.

But difference in the mean scores of the remaining eight variables viz.,
Numerical Reasoning, Spatial Ability, Abstract Reasoning, Originality,
Mathematics Interest, Self-Concept in Mathematics, Attitude towards
Mathematics and Achievement Motivation in Mathematics are not significant
between Average- and Low- Achievers in Mathematics. Average- and Low-

Achievers in Mathematics can be considered as alike in these eight variables.
Findings

1. Analysis of variance revealed that all the sixteen psychological variables
have significant effect on Achievement in Mathematics. That is, High-,
Average- and Low- Achievers in Mathematics differ significantly in the

mean scores of all the sixteen psychological variables viz.,

i) Numerical Reasoning

ii) Ability to use Symbols

iiiy  Spatial Ability

iv)  Abstract Reasoning

V) Inductive Reasoning

vi)  Deductive Reasoning

vii)  Problem Solving Ability in Mathematics
viii) Fluency
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ix)  Flexibility

X) Originality

xi) ~ Mathematics Interest

xii)  Self-Concept in Mathematics

xiii)  Attitude towards Mathematics
xiv)  Attitude towards Academic Work
xv)  Mathematics Anxiety and

xvi)  Achievement Motivation in Mathematics
Scehffe's test of multiple comparison showed that

a) Significant difference exists between all the three group pairs viz.,
High- and Average- Achievers;
High- and Low- Achievers; and
Average- and Low- Achievers in the mean scores of the eight

psychological variables viz.,

i) Ability to use Symbols

ii) Inductive Reasoning

i)  Deductive Reasoning

iv)  Problem Solving Ability in Mathematics
V) Fluency

vi)  Flexibility

vil)  Attitude towards Academic‘ Work and
viii) Mathematics Anxiety

b) Significant difference exists between the group pairs viz.,

High- and Average- Achievers and
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High- and Low- Achievers in the mean scores of the

remaining eight psychological variables viz.,

i) Numerical Reasoning

it) Spatial Ability

i)  Abstract Reasoning

iv)  Originality

V) Mathematics Interest

vi)  Self-Concept in Mathematics

vil)  Attitude towards Mathematics and

viii) Achievement Motivation in Mathematics

4.3. RELATION OF PSYCHOLOGICAL VARIABLES WITH ACHIEVE-
MENT IN MATHEMATICS

The analysis of variance revealed that all the psychological variables have
significant effect on Achievement in Mathematics. That is, they are capable of
differentating significantly between the three groups of achievers viz.,, High-,
Average- and Low- Achievers in Mathematics. This implies the possibility of
significant relationship of Achievement in Mathematics with all the sixteen
psychological variables. In this section, the investigator therefore estimated the
extent and nature of relationship between Achievement in Mathematics and each
of the sixteen psychological variables by means of Pearson's product moment

coefficient of correlation 'r'.

The investigator could use Pearson's product moment coefficient of
correlation 'r' as all the variables involved in this study are continuous and of the
interval type by their measurement. Besides, in using r, the basic assumptions to

be met are,
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i) The distribution of the criterion (dependent) variable should be normal or
atleast not badly skewed. (This was understood by studying the
distribution graphically and by estimating measures of skewness and
kurtosis in the earlier section).

ii) The relationship between the two variables is to be rectilinear. (This was
understood by preparing scatter diagrams in the case of each psychological
variable with Achievement in Mathematics.

ili)  The condition of equal scattering (homoscedasticity). (This was assumed

as a large sample was used for the study).

As all the three assumptions are satisfied, the investigator proceeded with
the computation of Pearson's r. The value of 'r' obtained in the case of each

psychological variable is described below in terms of

1) statistical significance of the coefficient (by Fisher's t-test)

i) the size of 'r'

i)  directionof 'r'

tv) 99 percent confidence interval of 'r'

V) shared variance which a variable has in common with the
variable associated, and

vi)  The coefficient of predictive efficiency, E.

Details of these are presented in Table 16.
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From Table 16, the coefficient of correlations obtained between
Achievement in Mathematics and each of the sixteen psychological variables
revealed that all the sixteen psychological variables have significant correlation
(beyond 0.01 level as the Fisher's t-value exceeds 2.58, the limit set up for
significance at 0.01 level) with Achievement in Mathematics. The significant 'r' is
indicative of a true relationship and hence it can be understood that there exists
real relationship between Achievement in Mathematics and each of the sixteen

psychological variables.

The magnitude of r's of the sixteen psychological variables with
Achievement in Mathematics reveal that the relation of nine of the psychological
variables (Ability to use Symbols, Abstract Reasoning, Inductive Reasoning,
Deductive Reasoning, Problem Solving Ability in Mathematics, Fluency,
Flexibility, Originality and Attitude towards Academic Work) are substantial;
relation of the ﬁve variables (Numerical Reasoning, Mathematics Interest,
Attitude towards Mathematics, Mathematics Anxiety and Achievement
Motivation in Mathematics) are low and of the remaining two variables (Spatial

Ability and Self-Concept in Mathematics) are negligible.

Further it was found that relation of Achievement in Mathematics with
fifteen of the psychological variables (except Mathematics Anxiety) are positive.
Of these fifteen variables, the nine variables viz., Ability to use Symbols, Abstract
Reasoning, Inductive Reasoning, Deductive Reasoning, Problem Solving Ability
in Mathematics, Fluency, Flexibility, Originality and Attitude towards Academic
Work have substantial and positive relationship with Achievement in
Mathematics, which means that an increase in these predictor psychological
variables is accompanied by a substantial increase in Achievement in

Mathematics. Four variables (Numerical Reasoning, Mathematics Interest,
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Attitude towards Mathematics and Achievement Motivation in Mathematics)
have positive but low correlation with Achievement in Mathematics. That is, an
increase in these four predictor variables is accompanied by a slight increase in
Achievement in Mathematics. But two variables viz., Spatial Ability and Self-
Concept in Mathematics have only negligible (but positive) relation with
Achievement in Mathematics, which means that these variables contribute very
little to Achievement in Mathematics. The relation of Achievement in
Mathematics with Mathematics Anxiety is negative and low. That is, increase in
Mathematics Anxiety is accompanied by slight decrease in Achievement in

Mathematics.

Ninetynine percent confidence interval of r's estimated between
Achievement in Mathematics and each of the sixteen psychological variables are
presented in Table 16 and these give the limits within which the population r may
be in the case of each variable, the probability being 0.99.

Table 16 also shows the shared variance, indicating the percentage of the
variance of the criterion variable 'Achievement in Mathematics' accounted by
each predictor variable. The shared variance estimated varies between 2.56

(Spatial Ability) and 38.44 (Inductive Reasoning).

The coefficient of predictive efficiency, E (in terms of r), of the variables
varies from 0.01 to 0.22, which indicates that the efficiency of the psychological
variables under study in predicting Achievement in Mathematics ranges from one
percent to 22 percent. The psychological variables in the order of the magnitude
of predictive efficiency are Inductive Reasoning, Problem Solving Ability in
Mathematics, Deductive Reasoning, Fluency, Flexibility, Originality, Attitude
towards Academic Work, Abstract Reasoning, Ability to use Symbols,
Mathematics Anxiety, Attitude towards Mathematics, Numerical Reasoning,
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Mathematics Interest, Achievement Motivation in Mathematics, Spatial Ability
and Self-Concept in Mathematics.

Findings

All the sixteen psychological variables have significant correlation with
Achievement in Mathematics, at 0.01 level. All the psychological variables except

Mathematics Anxiety are positively correlated with Achievement in Mathematics.

44. IDENTIFICATION OF THE SIGNIFICANT PREDICTORS OF
ACHIEVEMENT IN MATHEMATICS BY REGRESSION ANALYSIS
AND ESTIMATION OF THEIR PREDICTIVE EFFICIENCY (IN TERMS
OF 8 AND THE PARTIAL r's)

The third objective of the study is the identification of the significant
psychological predictors of Achievement in Mathematics and thereby estimation
of the predictive efficiency of each psychological variable in predicting
Achievement in Mathematics. As all the psychological variables were found to
have sigﬁﬁcmt effect on Achievement in Mathematics and are significantly
related to Achievement in Mathematics (r ranges from -0.34 to 0.62), it became apt
to conduct regression analysis to know the psychological variables which are
significant predictors of Achievement in Mathematics. The technique followed
for this is stepwise regression analysis (ANOVA approach) for which

computation was by means of the SPSS programme of computer.

The basic statistics, mean and standard deviation of the criterion and
predictor variables are given in Table 17 as a preliminary to the regression

analysis.



TABLE 17

Means and Standard Deviations of the Select
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Psychological Variables as Input Data for Stepwise Regression Analysis

I\SIZ. Psychological variables Mean i:;‘:g;i
Criterion Variable
L. Y Achievement in Mathematics 8.31 4.30
Predictor Variables
2. X1 Numerical Reasoning 3.07 1.63
o Xz Ability to use Symbols 291 1.81
4. X3 Spatial Ability 2.56 1.29
3. Xy Abstract Reasoning 7.71 2.66
6. X5 Inductive Reasoning 23.65 8.74
7. X6 Deductive Reasoning 16.95 7.49
8. X7 Problem Solving Ability in 8.69 4.51
Mathematics
9. | Xs Fluency 34.21 16.35
10. | X9 Flexibility 28.21 14.69
11. | Xjo Originality 14.36 511
12. | X11 Mathematics Interest 8.84 4.56
13. | X12 Self-Concept in Mathematics 75.91 12.85
14. | Xy3 Attitude towards Mathematics 112.39 15.07
15. | Xj4 Attitude towards Academic Work 137.20 20.86
16. | X35 Mathematics Anxiety 83.33 14.65
17. | Xi6 Achievement Motivation in 91.00 11.61

Mathematics

The correlaion matrix of the criterion variable Achievement in

Mathematics with the predictor psychological variables which is also an input

data of the regression analysis is given as Table 18.




TABLE 18

Correlation Matrix of the Criterion Variable with the Predictor Variables

Analysis

Sl.

No Psychological Variables Y X4 X2 X3 Xa Xs X6 X7 Xs X9 X0 pST X12 X3 X4 X1 Xis
Criterion Variable
1. Achievement in Mathematics 1.00
M
Predictor Variables
2. | Numerical Reasoning (X1) 0.23" 1,00
3. | Abiliy to use Symbols (X;) | 0.42* | 023" | 1.00
4, | Spatial Ablity (Xa) 046" | 046" | 0.40° | 100
5. | Abstract Reasoning (Xa) 044~ | 0.5 | 035" | 0.49% | 1.00
6 | Inductive Reasoning (Xs) 062" | 047* | 038" | 0.16 | 047 | 1.00
7 | Deductive Reasoning (Xs) | 0.54* | 045 | 028" | 043~ | 0.40 | 076" | 1.00
g | ProblemSolving Abiltyin | o ggu | (ogm | g7 | 023 | 0.42% | 051 | 044 | 1.00
Mathematics (X7)
9 | Fluency (Xs) 055% | 022 | 0.44% | 025 | 052 | 0.47* | 0.46" | 053" | 1.00
10 | Flexibility (Xs) 054= | 021 | 045" | 021 | 0.49* | 0.48* | 042" | 052 | 095" | 100
11| Originality (X10) 045" | 046" | 036" | 0.17 | 0.48* | 0.43 | 0.40* | 0.43% | 074" | 074 | 1.00
12 | Mathematics Interest (X11) | 023" | 003 | 0.44* | 001 | 0.14* | 027 | 020~ | 014 | 006 | 006 | 005 | 100
13 (S)Z'SC°”°°"“" Mathematics | o 47u | 004 | 014 | 004 | 020" | 022 | 045 | 0.15* | 0.18" | 048" | 018" | 034" | 1.00
14 | e ouarssMahemals | g0 | 006 | 022+ | 006 | 03" | 037 | 026 | 0227 | 025 | 025" | 0327 | 027 | 048" | 100
15 C\;gt;d(‘;f‘:)‘”a'ds"“dem‘° 045" | 009 | 044 | 003 | 046" | 0.38™ | 027 | 030" | 0.18" | 0.45* | 0.40' | 020" | 026 | 038" | 1.00
16 | Mathematics Anxiety(X1s) | 0.34** | -0.16* | 023" | 0.10° | 022 | 033" | -0.20% | 0.24= | -0.27~ | 0.22 | 026" | -0.28" | -0.41* | -044= | 033" | 1.00
17 | Achievement Motivationin | 4 onu | 08 | 045+ | 002 | 018" | 025% | 0.14% | 0127 | 007 | 008 | 0.2+ | 035" | 056" | 043% | 031 | 041" | 1.00

Mathematics (X1s)

Note: N =500 * indicates significance of r at 0.05 level
** indicates significance of r at 0.01 level.

841
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The indices of correlations reported in Table 18 indicates that the predictor
variable Inductive Reasoning (Xs) has the highest correlation (r = 0.62) with the

criterion variable, and hence it was selected to enter first in the analysis.
Step 1
The result of the step I analysis is given as Table 19.

TABLE 19
Results of Step I Regression Analysis

Variable entered : X5 (Inductive Reasoning)

Correlation(r) = 0.616 SE: =0.03
Percentage variance (12 x 100) = 37.91
Betas(Bs) = 0.62 Bs = 0.30 SEgs = 0.02
Constant =1.14 ’

Source DF SS MSS F

Total 499
Regression 1 3502.77 3502.77 (}3)2%)(())?1)
Residual 498 5736.49 11.52

The result shown in Table 19 suggests that the F-value 304.09 highly
exceeds the F-value for significance at 0.01 level for (1, 498) df and hence the
regressor Xs (Inductive Reasoning) is highly significant in precicting the criterion

variable Achievement in Mathematics.

The percentage variance accounted for by the variable Inductive Reasoning

(Xs) in predicting Achievement in Mathematics is 37.91.
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Step 11

The second predictor input variable is the one which has the highest partial
correlation with the criterion variable. In this case the variable is Problem Solving

Ability in Mathematics (X7).
The results of this analysis are shown as Table 20.

TABLE 20
Results of Step II Regression Analysis

Variables entered : X5 and X7

Multiple Correlation(R) = 0.692 SEr = 0.02
Percentage variance (R2 x 100) =47.85
Betas(Bs) =0.43 Bs =0.21 SEgs = 0.02
Betaz (B7) = 0.37 B7=0.35 SEB7 = 0.04
Constant = 0.29

Source DF SS MSS F

Total 499

Regression 2 4420.67 2210.33 (;Z)%ﬁ)
Residual 497 4818.60 9.70

The result shown in Table 20 suggests that the obtained F-value 227.98
highly exceeds the F-value for significance at 0.01 level for (2,497) df. The
regressor X7 therefore also is highly significant in predicting the criterion variable

Achievement in Mathematics.

Here the index of predictability, 'R' is 0.692 and the percentage variance
accounted for by the variables Inductive Reasoning (Xs) and Problem Solving

Ability in Mathematics (X7) in predicting Achievement in Mathematics is 47.85.
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This further suggests that by adding X7 to X5, R the index of prediction has
changed from 0.616 to 0.692 and that the percentage variance raised from 37.91 to
47.85. The increase in R is 0.076 and that in percentage variance is 9.94.

Step 111

The third variable entered having highest partial correlation with the

criterion variable is Attitude towards Academic Work (X1).
The results of this analysis is shown as Table 21.

TABLE 21
Results of Step 111 Regression Analysis

Variables entered : X5, X7and X1

Multiple Correlation(R) = 0.721 SEr = 0.02
Percentage variance (R? x 100) =51.98
Betas (Bs) = 0.37 Bs=0.18 SEss = 0.02
Betay (f7) = 0.33 B7=0.32 SEpy = 0.04
Betais (Bus) = 0.22 B1s =.0.05 SEp1s = 0.01
Constant = -4.94

Source DF S5 MSS F

Total 499

Regression 3 4802.60 1600.87 (;Z%%i)
Residual 496 4436.66 8.95

The result shown in Table 21 suggests that the obtained F-value 178.97
exceeds the F-value for significance at 0.01 level for (3, 496) df and hence the
regressor Xu (Attitude towards Academic Work) also is significant in predicting

the criterion variable Achievement in Mathematics.
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Table 21 also reveals that when the third variable viz., Attitude towards
Academic work was entered, R became 0.721 with percentage variance 51.98.
That is, the multiple correlation of the three variables with Achievement in
Mathematics is 0.721 and that the percentage variance accounted for by the three
variables Inductive Reasoning, Problem Solving Ability in Mathematics and
Attitude towards Academic Work in predicting Achievement in Mathematics is
51.98.

This further suggests that by adding Xi; to Xs and X7 the multiple
correlation R has increased from 0.692 to 0.721 and percentage variance has
increased from 47.85 to 51.98. The increase in R and percentage variance are 0.029

and 4.13 respectively.
Step IV

The fourth variable entered is Flexibility (Xo). Results of this analysis is
shown as Table 22.

TABLE 22
Results of Step IV Regression Analysis

Variables entered : X5, X7, X154 and Xo

Multiple Correlation(R) = 0.748 SEr = 0.02
Percentage variance (R? x 100) = 55.96

Betas (Bs) = 0.30 Bs = 0.15 SEgs = 0.02
Betaz (87) = 0.24 B7=0.23 SEs? = 0.04
Betais (B14) = 0.24 B1s =0.05 SEp1s = 0.01
Betag (B9) = 0.24 By = 0.07 SEge = 0.01
Constant = -5.90

Source DF SS MSS F
Total 499
Regression 4 5170.05 1292.51 (;i;ﬁ)

Residual 495 4069.21 8.22
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The result shown in Table 22 suggests that the obtained F-value 157.23
exceeds the F-value for significance at 0.01 level for (4, 495) df and that the
regressor Xo (Flexibility) is also significant in predicting the criterion variable

Achievement in Mathematics.

| Table 22 also reveals that when the fourth variable Flexibility was entered
R became 0.748 with percentage variance 55.96. That is, the multiple correlation
of the four variables with Achievement in Mathematics is 0.748 and that the
percentage variance accounted for by the four variables Inductive Reasoning,
Problem Solving Ability in Mathematics, Attitude towards Academic Work and
Flexibility in predicting Achievement in Mathematics is 55.96.

This further suggests that by adding Xs to X5, X7 and X4, the multiple
correlation R has increased from 0.721 to 0.748 and percentage variance from
51.98 to 55.96. The increase in R and percentage variance are 0.027 and 3.98

respectively.
StepV -

The fifth variable entered is Ability to use Symbols (X2). Results of this

analysis is shown as Table 23.
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TABLE 23
Results of Step V Regression Analysis

Variables entered : X5, X7, X1z, X9 and Xz

Multiple Correlation(R) = 0.758 SEr = 0.02
Percentage variance (R?x 100) = 57.43

Betas (Bs) =0.26 Bs=0.13 SEgs = 0.02
Betaz (B7) = 0.25 B7 =023 SEp7 = 0.04
Betas (B11) = 0.24 B11 =0.05 SEg1s = 0.01
Betas (B9) = 0.19 Bs = 0.06 SEgs = 0.01
Betaz (B2) = 0.14 B2=0.33 SEg> = 0.08
Constant = -6.06

Source DF SS MSS F
Total 499
Regression 5 5305.84 1061.17 (}l)i%%;)
Residual 494 393342 7.96

The result shown in Table 23 suggests that the F-value 133.27 exceeds the
F-value for significance at 0.01 level for (5, 494) df and that the regressor X»
(Ability to use Symbols) is also significant in predicting the criterion variable

Achievement in Mathematics.

Table 23 again reveals that when the fifth variable Ability to use Symbols
was entered, R became 0.758 with percentage variance 57.43. That is, the multiple
correlation of the five variables with Achievement in Mathematics is 0.758 and
that the percentage variance accounted for by the five variables Inductive
Reasoning, Problem Solving Ability in Mathematics: Attitude towards Academic
Work, Flexibility and Ability to use Symbols in Predicting Achievement in
Mathematics is 57.43.
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This further suggests that by adding X to X5, X7, X1s and Xy, the multiple
correlation R has increased from 0.748 to 0.758 and percentage variance from
55.96 to 57.43. The increase in R and percentage variance are 0.010 and 1.47

respectively.
Step VI

The sixth variable entered is Deductive Reasoning (X¢). Results of this
analysis is shown as Table 24.

TABLE 24
Results of Step VI Regression Analysis

Variables entered : Xs, X7, X14, Xo, X2 and Xe

Multiple Correlation(R) =0.762 SEgr = 0.02
Percentage variance (R?2x 100) = 58.10
Betas (Bs) = 0.17 Bs = 0.08 SEgs = 0.03
Betay (B7) =0.24 B;=023 SEgy = 0.04
Betays (B1s) = 0.24 B =0.05 SEps = 0.01
Betag (B9) = 0.18 By =0.06 SEgy = 0.01
Beta; (B2) = 0.14 B2=0.34 SEs2 = 0.08
Betas (Bs) = 0.13 Be =0.07 SEgs = 0.03
Constant = -6.20

Source DF SS MSS F

Total 499 |

Regression 6 5368.15 894.69 (;1%%41)
Residual 493 3871.12 7.85

The result shown in Table 24 suggests that the F-value 113.94 exceeds the
F-value for significance at 0.01 level for (6, 493) df and that the regressor Xs
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(Deductive Reasoning) is also significant in predicting the criterion variable

Achievement in Mathematics.

When the sixth variable Deductive Reasoning was entered, R became 0.762
with percentage variance 58.10. That is, the multiple correlation of the six
variables with Achievement in Mathematics is 0.762 and that the percentage
variance accounted for by the six variables Inductive Reasoning, Problem Solving
Ability in Mathematics, Attitude towards Academic Work, Flexibility, Ability to
use Symbols and Deductive Reasoning in predicting Achievement in Mathematics

is 58.10

This further suggests that by adding X¢ to Xs, X7, X1, Xo and X», the
multiple correlation R has changed from 0.758 to 0.762 and percentage variance
from 57.43 to 58.10. The increase in R and percentage variance are 0.004 and 0.67

respectively.

After step VI analysis, it was found that further addition of predictor
variables has not much to contribute to R or for the percentage variance. When
sixth variable X¢ was entered, R increased only by 0.004 which is negligible and

the percentage variance increased only by 0.67.

Thus it was found that among the sixteen psychological variables which
have significant effect and relation with Achievement in Mathematics, only six are
significant predictors. These six predictors in the order as found in the stepwise
regression analysis, the successive R's, percentage variance, and, increase in R and

the percentage variance, are reported in Table 25.
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Summary of Results of Stepwise Regression Analysis

Step Variables entered R Increasein | Percentage | Increasein
R variance (R2 | percentage
x 100) variance
i Xs (Inductive Reasoning) | 0.616 - 37.91 -
I | X7 (Problem Solving 0.692 0.076 47.85 9.94
Ability in Mathematics)
I | X1 (Attitude towards 0.721 0.029 51.98 413
Academic Work)
IV | Xo (Flexibility) 0.748 0.027 55.96 3.98
V | Xz (Ability to use 0.758 0.010 57.43 147
Symbols)
VI | X (Deductive 0.762 0.004 58.10 0.67
Reasoning)

The successive regression equations for predicting Achievement in

Mathematics by means of the above six predictor variables are:

Y'=0.30X5+1.14

Y1=0.21X5+035X7+0.28
Y!'=0.18 X5 + 0.32 X7 + 0.05 X34 - 5.02

Y1=0.15X5+ 0.23 X7 + 0.05 X35 + 0.07 X9 - 5.88
Y1 =0.13 X5 + 0.23 X7 + 0.05 X34 + 0.06 X9 + 0.33 X2-6.11

Y1 =0.08 X5+ 0.23 X7 + 0.05 X114 + 0.06 X9 + 0.34 Xz + 0.07 X6 -6.19,

where Y! denotes predicted values of Y, the criterion variable

'Achievement in Mathematics' and Xs, X7, X113, Xo, X2 and Xs are the significant

predictors viz., Inductive Reasoning, Problem Solving Ability in Mathematics,
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Attitude towards Academic Work, Flexibility, Ability to use Symbols and

Deductive Reasoning respectively.
4.4.1. Predictive Efficiency of the Significant Predictors

The multiple correlation R between the criterion variable Y and of the six
significant predictors [Inductive Reasoning (Xs), Problem Solving Ability in
Mathematics (X7), Attitude towards Academic Work (X14), Flexibility (Xo). Ability
to use Symbols (Xz) and Deductive Reasoning (Xs)] is 0.762 and this index of
prediction is highly significant as SEr = 0.02. This suggests that Achievement in
Mathematics can be significantly predicted by means of the six predictors Xs, X7,
X1, Xo, X2 and Xe.

In order to find the predictive efficiency of each of these six significant
predictor variables, the coefficient of determination R? as Zpr is computed and

presented in Table 26.

TABLE 26
' Relative Weights of the Six Significant Predictor Variables

Variable Variables Regression Coefficient of Bxr
Number coefficients (8) | correlation (r)
Xs Inductive Reasoning 0.17 0.62 0.105
X7 Problem Solving 0.24 0.59 0.142
Ability in Mathematics
X1 Attitude towards 0.24 0.45 0.108
Academic Work
Xo Flexibility 0.18 0.54 0.097
X2 Ability to use Symbols 0.14 0.42 0.059
Xe Deductive Reasoning - 013 0.54 0.070
TBr = R2=0.581
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The results in Table 26 thus suggests that,

1050 percent of the variance of Achievement in Mathematics is

accountable by the predictor variable Inductive Reasoning

1420 percent of the variance of Achievement in Mathematics is
accountable by the predictor variable Problem Solving Ability in
Mathematics.

10.80 percent of the variance of Achievement in Mathematics is

accountable by the predictor variable Attitude towards Academic Work.

9.70 percent of the variance of Achievement in Mathematics is accountable

by the predictor variable Flexibility.

- 5.90 percent of the variance of Achievement in Mathematics is accountable

by the predictor variable Ability to use Symbols.

7.00 percent of the variance of Achievement in Mathematics is accountable

by the predictor variable Deductive Reasoning,

R? = ZPr = 0.581. This indicates that 58.10 percent of whatever makes
students differ in Achievement in Mathematics is attributable to difference
in the six predictor \)ariables viz., Inductive Reasoning (Xs), Problem
Solving Ability in Mathematics (X7), Attitude towards Academic Work
(X14), Flexibility (X9), Ability to use Symbols (X2) and Deductive Reasoning
(Xe). That is, around 58 percent of the variance in Achievement in
Mathematics is attributable to the variation in the six variables obtained as
best predictors by stepwise regression analysis. This also means that the
remaining 42 percent of the variance in Achievement in Mathematics is

attributable to the variation in the variables other than those studied.
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Findings

Six variables were found to be significant predictors of Achievement in
Mathematics. These variables are listed below on the basis of the extent of

predictability of Achievement in Mathematics.

i) Problem Solving Ability in Mathematics
i) Attitude towards Academic Work

ii)  Inductive Reasoning

iv)  Flexibility

v) Deductive Reasoning

vi)  Ability to use Symbols

4,5. EFFECTIVENESS OF THE SIGNIFICANT PREDICTORS (IDENTIFIED
BY REGRESSION ANALYSIS) IN PREDICTING GROUP
MEMBERSHIP LIKE HIGH-, AVERAGE- AND LOW- ACHIEVERS IN
MATHEMATICS

The fourth objective of the study is to derive the linear discriminant
functions in terms of the significant predictors and hence to estimate their
effectiveness in predicting group membership like High-, Average- and Low-
Achievers in Mathematics.  As such discriminant function analysis (Direct
method and computer analysis) was done to estimate the effectiveness of the six
significant predictors (as found by regression analysis) in predicting group
membership like High-, Average- and Low- Achievers in Mathematics. Details of

this analysis and discussion of results are presented below.

4.5.1. Analysis of Group Difference

As a preliminary step to discriminant function analysis, difference between
the groups High-, Average- and Low- Achievers in Mathematics in each of the
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significant predictor was examined by estimating Wilk's Lambda and F-values
(eventhough the same was done by means of one-way ANOVA in section 4.2).
These values along with the preliminary data viz., means and standard deviations
of the six predictor variables for the three groups High-, Average- and Low-

Achievers in Mathematics and for the total sample are presented in Table 27.




!

TABLE 27

Univariate Statistics of Significant Predictor Variables l

Analysis

Low-Achievers

High-Achievers | Average-Achievers Total sample Wilks'
Predictor variables F-value
Mean S.D Mean S.D Mean S.D Mean s.0 | Lambda
Ability to use Symbols 3.80 1.48 2.91 - 178 1.98 1.78 291 1.81 0.89 29.42
Inductive Reasoning 31.96 5.56 22.74 8.06 17.49 6.63 23.65 8.74 0.70 108.86
Deductive Reasoning 23.71 7.08 16.00 6.76 12.54 4.71 16.95 7.49 0.74 86.19
Problem Solving Ability in 12.81 5.02 8.18 3.72 5.80 2.63 8.69 4.51 0.73 93.41
Mathematics
Flexibility 38.96 14.37 27.30 14.13 19.48 8.54 2821 | 14.69 0.81 58.75
Attitude towards Academic 15056 | 19.06 | 137.27 1782 | 123.01 | 2140 | 137.20 | 20.86 0.82 56.18
Work

2T
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When tested for significance of difference using the univariate statistic
Wilk's Lambda, the values of Lambda for the six predictor variables viz., Ability
to use Symbols, Inductive Reasoning, Deductive Reasoning, Problem Solving
Ability in Mathematics, Flexibility and Attitude towards Academic Work were
found to be 0.89, 0.70, 0.74, 0.73, 0.81 and 0.82 respectively, suggesting a
significant difference in the mean scores of the three groups. The F-test also
revealed that significant difference exists in the mean scores of the predictor
variables between the groups High-, Average- and Low- Achievers in
Mathematics, as the obtained F-values exceeded the F-value for (2, 497) degrees of
freedom.

Hence the null hypothesis that the three group means are equal is rejected.
This finding is almost the same as the finding obtained by one-way ANOVA

under section 4.2.
4.5.2. Interdependencies Among the Six Predictor Variables

Interdependencies among the predictor variables affect most multivariate
analysis and hence a pooled correlation matrix, by averaging the correlation
matrices of the three groups High-, Average- and Low- Achievers in Mathematics
was estimated to examine interdependendes. This matrix is presented as

Table 28.
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TABLE 28
Pooled Correlation Matrix of the Six Predictor Variables

Predictor variables X2 Xs Xe X7 Xo X14
Ability to use Symbols (X>) 1.00
Inductive Reasoning (X5) 0.26 1.00
Deductive Reasoning (X) 0.15 0.66 1.00

Problem Solving Ability in 012 | 031 | 024 | 1.00
Mathematics (X7)

Flexibility (Xo) 0.36 0.29 0.24 0.37 1.00

Attitude towards Academic 0.00 0.18 0.08 0.11 -0.04 1.00
Work (X14)

Table 28 reveals that the value of correlation coefficients (r's) range from
0.00 to 0.66, with r greater than 0.50 in one case only. Thus low relationships were
observed for majority of the variables, indicating not much interdependencies

between the predictor variables.
4.5.3. Discriminant Functions

For the discriminant functions which serves as the basis for classification of
the population into groups High-, Average- and Low- Achievers to be optimal
(minimizing the probability of misclassification), two assumptions about the data

must be met. These are,

i) Each group must be a sample from a multivariate normal population.

i) The population covariance matrices of the groups must all be equal.

The normality of each predictor variable is a necessary condition for

multivariate normality of the population and this was verified in section 4.1. This
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analysis resulted that the distribution of the six predictor variables do not deviate

markedly from normality.

To test the equality of the group covariance matrices Box's M test was done

which is based on the determinants of the group covariance matrices.
The values of Box's M-test are presented in Table 29.

TABLE 29

Box's M test for Equality of Group Covariance Matrices

Groups Rank Log determinant
High- Achievers 6 21.40
Average-Achievers 6 21.30
Low-Achievers 6 19.10
Pooled within group covariance 6 21.33
matrix
Box's M Approximate F Degrees of freedom
209.98 4.89* (42, 272631.80)
*P<0.01

Box's M test gives that the value of F is 4.89 which is greater than 1.78, the
tabled value of F required for significance at 0.01 level for (42, 272631.80) degrees
of freedom, suggesting a significant difference in the covariance matrices of the
groups. But the small value of F and the small difference between obtaind and
tabled F's suggests that the difference found in the covariance matrices of the
groups may be due to the sensitivity of the test. This further suggested that the
two assumptions were not perfectly satisfied but will not badly affect.

By discriminant function analysis, two linear combinations of the six
predictor variables were formed, which helps to assign cases to groups High-,

Average- and Low- Achievers in Mathematics. @ The so worked out
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unstandardised and standardised canonical discriminant function coefficients are

presented in Table 30.

TABLE 30

Unstandardised and Standardised
Canonical Discriminant Function Coefficients

Unstandardised canonical

Standardised canonical

Predictor variables discriminant function discriminant function
coefficients coefficients
Function 1 Function 2 | Function1 | Function 2
Ability to use Symbols (X) 0.08 0.27 0.14 0.47
Inductive Reasoning (Xs) 0.03 0.00 0.24 -0.01
Deductive Reasoning (Xs) 0.04 -0.09 0.28 -0.56
Problem Solving Ability in 0.10 -0.19 0.38 -0.40
Mathematics (X7)
Flexibility (Xo) 0.02 0.02 0.22 0.22
Attitude towards Academic 0.02 0.04 0.42 0.67
work (Xl.;)
Constant, -6.15 -3.76 - -

From Table 30, the first and second linear discriminant equations formed

on the basis of unstandardised discriminant function coefficients are
D1 =008 X2 + 003 x5 + 0.04 Xe + 0.10 X7 + 0.02 Xg + 0.02 X35 - 6.15 and
D2=0.27 X2-0.00 X5 - 0.09 X6 - 0.19 X7 + 0.02 Xo + 0.04 X14-3.76 where X3, X5, X¢, X7,

X9 and Xus are the individual's scores obtained for the six significant predictor

variables viz., Ability to use Symbols, Inductive Reasoning, Deductive Reasoning,

Problem Solving Ability in Mathematics, Flexibility and Attitude towards

Academic Work respectively.

The same first and second discriminant functions in terms of the

standardised discriminant function coefficients are:
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D1=0147Z>+024 75+ 0.28 Z¢ + 0.38 Z7 + 0.22 Zo + 0.42 Z34 and
D2 =047 Z>-0.01 Z5 - 0.56 Zo ~ 0.40 Z7 + 0.22 Zo + 0.67 Zrs where Zo, 75, Ze, Z7, Zo
and Zy, are the respective standard scores of the predictor variables Xz, X5, Xe, X7,

X9 and Xiy.

Group centroids of the two discriminant functions (Function 1 and
Function 2) for the three groups High-, Average- and Low- Achievers in

Mathematics are given in Table 31.

TABLE 31

Group Centroids of the Discriminant Functions
for High-, Average- and Low- Achievers in Mathematics

Group Function 1 Function 2
High- Achievers 1.53 -0.13
Average- Achievers -0.13 0.13
Low- Achievers -1.22 -0.21

An examination of group centroids suggests that the first function
distinguishes High- Achievers from Average- and Low- Achievers in
Mathematics and the second function distingushes Low- Achievers from High-

and Average- Achievers in Mathematics.
4.5.4. Significance of the Discriminant Functions

The related discriminant statistics like the eigen values (an indicator of the
effectiveness of the function), percent of variances, cumulative percentages,
canonical correlations (a measure of the degree of association between the
discriminate scores and the groups), Wilk's Lambda (1) and the chi-square values

are presented in Table 32.




Analysis 178

TABLE 32

Statistical Indicators of the Effectiveness of the Discriminant Functions

Functions Eigen | Percent | Cumu- | Canonical | Wilk's Chi- DF
value of lative | correlation | Lambda | square
variances | percent
Function1 | 0.83 97.34 97.34 0.67 0.54 308.89** | 12
Function2 | 0.02 2.66 100.00 0.15 0.98 11.03* S

* p<0.05and =~ p <0.01

For the first discriminant function, the eigen value is 0.83 indicating the
function derived is an effective one for discriminating High- Achievers from
Average- and Low- Achievers in Mathematics and that the coefficient of
effectiveness is 97.65. The percent of variance being 97.34. The value of canonical
correlation (0.67) indicates that the discriminant scores and the group variables
are substantially related. Further the chi-square value (308.89, p<0.01) suggested
that the first function is significant to discriminate High- Achievers from Average-

and Low- Achievers in Mathematics.

For the second discriminant function, the eigen value is only 0.02
suggesting that the index of effectiveness of this function is only 2.35. The percent
of variance and cumulative percent are 2.66 and 100 respectively. The value of
canonical correlation (0.15) indicates that the discriminant scores have a low
relationship with the group variables. The chi-square value (11.03, p<0.05)
suggested that the second function is significant at 0.05 level to distinguish Low-
Achievers from High- and Average- Achievers in Mathematics.
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4.5.5. Classification of the Cases Using the Discriminant Functions

Using the discriminant function equations, the discriminant scores for
each case in the sample and hence to the most likely group each case falls was
determined. This led to the calculation of cases as correctly classified and
misclassified into the three groups High-, Average- and Low- Achievers in

Mathematics.

The number and percentage of pupils correctly classified and misclassified
as belonging to the three groups High-, Average- and Low- Achievers in the
study using the discriminant functions are given in Table 33 named 'Confusion

Matrix.'

TABLE 33

Confusion Matrix of the Cases Correctly Classified and Misclassified

Predicted group membership
1 No. of
Actual Group cases High- Average- Low-
Achievers Achievers Achievers

High- Achievers in 108 81 27 0
Mathematics (75.00%) (25%) (0%)
Average- Achievers in 289 60 143 86
Mathematics (20.76%) (49.48%) (29.76%)
Low- Achievers in 103 2 28 73
Mathematics (1.94%) (27.18%) (70.87%)

Table 33 shows that of the 108 cases classified under High- Achievers, 81
cases (75 percent) were correctly classified and 27 cases (25 percent) were
misclassified. Of the 289 cases classified as Average- Achievers, 143 cases (49.48
percent) were correctly classified and 146 cases (50.52 percent) were misclassified.

Of the 103 cases classified as Low- Achievers, 73 cases (70.87 percent) were
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correctly classified and 30 cases (29.13 percent) were misclassified. That is, High-
Achievers are the most accurately classified with 75 percent of the cases correct,
Low- Achievers next with 70.87 percent and Average- Achievers last with 49.48

percent.

The total percent of cases thus correctly classified is 59.40, which is an
index of the effectiveness of the discriminant functions. This implies that if the
two functions are used to assign new cases to the three groups High-, Average-
and Low- Achievers in Mathematics, the functions will classify the cases with the

misclassification rate 40.60 percent.

4.5.6. Correlation Between Predictor (Discriminating) Variables and Canonical

Discriminant Functions

The conhibution of each of the predictor variables to the discriminant
functions was examined by estimating correlation between the values of the
functions and the values of each variable. The so estimated pooled within-groups
correlations between predictor variables and canonical discriminant functions in

the order of magnitude of correlations within functions are presented in Table 34.
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Pooled Within-Groups Correlations Between
Predictor Variables and Canonical Discriminant Functions

Predictor variables Function 1 Function 2
Inductive Reasoning 0.73* -0.21
Problem Solving Ability 0.67* -0.33
in Mathematics
Deductive Reasoning 0.64* -0.49
Flexibility 0.54* 0.07
Attitude towards 0.51 0.58*
Academic Work
Ability to use Symbols 037 0.40*

Table 34 shows that among the six significant predictor variables, the four

variables viz., Inductive Reasoning (0.73), Problem Solving Ability in Mathematics
(0.67), Deductive Reasoning (0.64) and Flexibility (0.54) have high association with
Function 1 and the two variables viz., Attitude towards Academic Work (0.58)

and Ability to use Symbols (0.40) have high association with Function 2.

4.5.7. Classification Function Coefficients

Fisher's linear discriminant function coefficients derived to assign new

cases into the three groups High-, Average- and Low- Achievers in Mathematics

are given in Table 35.




Fisher's Linear Discriminant Function Coefficients

TABLE 35
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of High-, Average- and Low- Achievers in Mathematics

Variables High- Average- Low-
Achievers Achievers Achievers

Ability to use Symbols 0.54 0.48 0.30
Inductive Reasoning 0.09 0.04 0.00
Deductive Reasoning 0.27 0.18 0.16
Problem Solving Ability in 0.26 0.06 -0.01
Mathematics
Flexibility 0.16 0.13 0.11
Attitude towards Academic 0.41 0.38 0.34
Work
Constant -42.23 -31.84 -24.62

Using the Fisher's coefficients, a case is assigned to the group for which it

has the largest discriminant score.

Findings

The two discriminant functions in terms of the six significant predictors

viz.,

D1=0147>+02475+028 7o+ 038 Z7 +0.22 Zo + 0.42 Z1; and

D:=047 7Z,-0.017Z5-056Z¢-0.40 Z7 + 0.22 Zg + 0.67 Z1, are efficient enough to

discriminate significantly the three groups of achievers with 59.40 percent of

correct classification. The coefficient of effectiveness of the first function for

discriminating High- Achievers from Average- and Low- Achievers in

Mathematics is 97.65 and the coefficient of effectiveness of the second function for

discriminating Low- Achievers from High- and Average- Achievers in

Mathematics is 2.35.
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4.6. SIGNIFICANT PREDICTORS (IDENTIFIED BY REGRESSION
ANALYSIS) IN THE PSYCHOLOGICAL FACTOR STRUCTURES OF
HIGH-, AVERAGE- AND LOW-ACHIEVERS IN MATHEMATICS

This part of the analysis is to find out the position of the six significant
predictors in terms of loadings and communalities in the factor structures of

High-, Average- and Low-Achievers in Mathematics.

For this purpose, factor structures of the three groups were derived by the
Principal Components Method and the obtained factors were rotated by varimax
rotation using the SPSS package. The rotated factor structures are described

below for their nature and extent.
4.6.1. Psychological Factor Structure of High-Achievers in Mathematics

The correlation matrix used for extracting factors and the derived
unrotated and rotated factor matrices are presented in Table 36 and Table 37

respectively.




TABLE 36

Correlation Matrix of the Sixteen Psychological Variables for High-Achievers in Mathematics

Analysis

,\% Psychological variables 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 16 16
1. | Numerical Reasoning 1.00
2. | Ability to use Symbols 026 | 1.00
3. | Spatial Ability 030 | -013 ¢+ 1.00
4. | Abstract Reasoning 024 | 014 | 017 1.00
5. | Inductive Reasoning 011 | -012 | 023 0.26 1.00
6. | Peductive Reasoning 0,06 0.00 0.18 0.27 0.70 1.00
Problem Solving Ability in
7. Mathematics 021 | -018 | 0.38 0.28 0.31 0.29 1.00
8. | Fluency 012 | 010 | 022 | 046 028 | 030 | 0.39 1.00 ‘
9. | Flexibifity 009 | 006 | 0.18 0.37 027 | 023 | 037 0.92 1.00
10. | Originality 013 | 000 | 014 | 037 028 | 031 | -0.15 | 0.66 0.58 1.00
11. | Mathematics Interest 000 | -008 | -0.07 | -0.11 | 0.09 | -0.01 | -0.32 | 014 | -0.18 | 0.07 1.00
Self-Conceptin ‘
12, Mathematics 006 | 001 0.08 0.17 012 | -0.07 | -0.51 | 0.19 017 | 0.19 0.30 1.00
Attitude towards
13. Mathematics 002 | -009 | -013 | 010 013 | -007 | -049 | -0.08 | 007 | 004 | 039 0.53 1.00
14, | pdetowards Academic | .05 | 000 | 003 | 014 | 020 | 008 | 012 | -007 | 013 | 001 | 026 | 043 | 06t | 100
15. | Mathematics Anxiety -0.14 | 006 | -0.10 | -017 | -0.36 | -0.22 | -0.10 | -0.02 | 0.03 | -0.15 | -0.32 | -051 | -049 | -044 | 100
Achievement Motivation in
16, Mathemaics 010 | 011 | -0.09 | 0.12 011 | -0.08 | -0.05 | -0.08 | -0.12 | -0.05 | 0.36 0.51 047 | 042 | -050 | 1.00

V8]
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TABLE 37
Unrotated and Rotated Factor Matrices of the Sixteen Psychological Variables for High-Achievers in Mathematics
S Unrotated factors h? Rotated factors h?

) Psychological Variables commu- commu-
No. SYenoes Factor1 | Factor2 | Factor3 | Factord | Factor5 ( nality) Factor1 | Factor2 | Factor3 | Factord | Factor § ( nality)
1. | Numerical Reasoning 0.31 -0.03 0.16 0.73 0.21 0.70 0.07 0.02 -0.01 0.59 0.59 0.70
2. | Ability to use Symbols 0.03 -0.01 0.57 0.53 -0.45 0.81 -0.03 0.07 -0.04 -0.22 0.87 0.81
3. | Spatial Ability 0.37 -0.22 -0.30 0.36 0.53 0.69 -0.05 0.09 0.10 0.82 -0.05 0.69
4, | Abstract Reasoning 0.61 -0.15 0.22 0.18 -0.08 0.48 0.13 0.52 0.20 0.21 0.34 0.48
5. | Inductive Reasoning 0.63 -0.02 -0.55 0.04 -0.34 0.82 0.19 0.20 0.84 0.17 -0.07 0.82
6. | Deductive Reasoning 0.53 -0.22 -0.53 0.10 -0.51 0.87 -0.05 0.20 0.91 0.07 0.03 0.87

Problem Solving Ability in ) )
7. Mathematics 0.56 0.25 0.26 0.05 0.41 0.62 0.02 0.37 0.19 0.64 -0.20 0.62
Fluency 0.73 -0.48 0.33 -0.23 0.01 0.91 -0.06 0.94 0.10 0.13 0.06 0.91
.| Flexibility 0.64 -0.50 0.33 -0.28 0.03 0.86 -0.12 0.91 0.05 0.09 0.00 0.86
10. | Originality 0.66 -0.29 0.19 -0.27 -0.07 0.64 0.07 0.77 0.19 0.04 -0.02 0.64
11, | Mathematics Interest 0.13 0.58 -0.07 019 -0.05 0.39 0.57 -0.11 0.06 -0.15 -0.15 0.39
Self-Concept in
12. Mathematics 0.49 0.56 0.27 -0.17 0.19 0.69 0.76 0.29 -0.16 0.05 0.00 0.69
Attitude towards
13. Mathematics 0.34 0.73 0.04 -0.18 0.11 0.70 0.83 0.02 -0.04 -0.02 -0.12 0.70
14, Q‘g:;(‘d" towards Academic | 5 0.64 000 0.06 0.07 0.56 072 0.08 0.12 0.3 0.01 0.56
15. | Mathematics Anxiety -0.51 -0.59 0.10 -0.12 0.13 0.65 -0.72 -0.02 -0.32 -0.09 -0.15 0.65
Achievement Motivation in
16. Mathematics 0.27 0.71 0.19 0.09 -0.05 0.62 0.75 -0.06 -0.03 -0.06 0.22 0.62
Latent Roots (Eigen Values) 3.28 2.91 1.82 1.64 1.38 11.03
Percent of Variance 29.74 26.38 16.50 14.87 12.51 100

487
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4.6.6.1. About the factor structure

By factor analysis, five significant factors were derived to this group.
Variables which have significant loadings (> +0.30) on the factors are represented

schematically as Figure 2.
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FIGURE 2. Schematic representation of the psychological factor structure of High-Achievers, showing the variables with
significant loadings on the factors.

Note: Variables enclosed in rectangles are identified significant predictor variables.
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Factor 1, accounted by nearly 30 percent of variance of the battery of
psychological variables, has significant loadings on six variables viz., Attitude
towards Mathematics (0.83), Self-Concept in Mathematics (0.76), Achievement
Motivation in Mathematics (0.75), Attitude towards Academic Work (0.72),
Mathematics Interest (0.57) and Mathematics Anxiety (-0.72) and hence is

characterised by these six variables.

Factor 2, accounted by nearly 26 percent of variance of the battery of
psychological variables, has significant loadings on five variables viz., Fluency
(0.94), Flexibility (0.91), Originality (0.77), Abstract Reasoning (0.52) and Problem
Solving Ability in Mathematics (0.37) and hence is characterised by the presence

of these variables.

Factor 3, accounted by nearly 16 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Deductive
Reasoning (0.91), Inductive Reasoning (0.84) and Mathematics Anxiety (-0.32) and

hence is characterised by these three variables.

Factor 4, accounted by nearly 15 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Spatial
Ability (0.82), Problem Solving Ability in Mathematics (0.64) and Numerical
Reasoning (0.59) and hence is characterised by the presence of these three

variables.

Factor 5, accounted by nearly 13 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Ability to
use Symbols (0.87), Numerical Reasoning (0.59) and Abstract Reasoning (0.34) and

hence is characterised by the presence of these three variables.
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4.6.1.2. Significant predictors in the factor structure

In Factor 1, only one of the identified six significant predictors of
Achievement in Mathematics viz., Attitude towards Academic Work has high

loading, indicating very high presence in the factor.

In Factor 2, of the identified six significant predictors of Achievement in
Mathematics, only two are significantly present - Flexibility with an extremely

high presence and Problem Solving Ability in Mathematics with low presence.

In Factor 3, of the identified six predictors, two variables have significant
loadings and these are Deductive Reasoning with extremely high presence and

Inductive Reasoning with very high presence.

In Factor 4, only one significant predictor viz., Problem Solving Ability in

Mathematics has considerable presence.

In Factor 5, only one significant predictor viz., Ability to use Symbols has
very high presence.

4.6.1.3. Communalities of the Significant Predictors

The communalities obtained for the six significant predictor variables are

given below in the order of magnitude.

i) Deductive Reasoning (0.87) [Factor 3*]

ii) Flexibility (0.86) [Factor 2*}

iif)  Inductive Reasoning (0.82) [Factor 3*]

iv)  Ability to use Symbols (0.81) [Factor 5*]

V) Problem Solving Ability in Mathematics (0.62) [Factor 2,4]
vi)  Attitude towards Academic Work (0.56) [Factor 1*]

[Note: * indicates very high presence in the factor]
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The above results suggests that each significant predictor except Problem
Solving Ability in Mathematics finds a place with high loadings in at least one
factor of the structure and that the communalities of these are very high ranging
from 0.56 to 0.87.

4.6.2. Psychological Factor Structure of Average-Achievers in Mathematics

The correlation matrix used for extracting factors and the derived
unrotated and rotated factor matrices are presented in Table 38 and Table 39

respectively.




Correlation Matrix of the Sixteen Psychological Variables for Average-Achievers in Mathematics

TABLE 38

Analysis

,i') Psychological Variables | 1 2 3 4 5 6 7 8 O | 10 | 11 | 12 | 13| 14| 15 | 1
1. | Numerical Reasoning 1.00
2. | Ability to use Symbols 0.17 1.00
3. | Spatial Ability 0.06 0.10 1.00
4. | Abstract Reasoning 0.01 034 | 0.17 1.00
5. | Inductive Reasoning 002 [ 035 [ 010 | 0.38 1.00
6. | Deductive Reasoning 0.05 0.21 0.06 0.26 0.72 1.00
Problem Solving Ability in
7. Mathematics 0.07 0.26 0.09 0.35 0.34 0.23 1.00
8. | Fluency 013 | 041 | 019 | 046 | 033 | 032 | 043 | 1.00
9. | Flexibility 0.14 0.43 0.16 0.43 0.33 0.28 0.44 0.96 1.00
10. | Originality 0.08 0.36 0.13 0.42 0.34 0.31 0.38 0.76 0.74 1.00
11. | Mathematics Interest -005 | 0.18 0.03 0.09 0.26 0.20 010 | -0.02 | 0.0 -0.09 1.00
Self-Concept in
12, Mathematics 003 | 019 | 006 | 021 | 047 | 012 | 007 | 020 | 020 | 0.21 0.34 | 1.00
Attitude towards
13, Mathematics 002 | 027 | 008 | 033 [ 035 | 025 | 010 | 029 [ 027 | 036 | 028 052 | 1.00
14, | fwdetowards Academic | g4 | 002 | 003 | 002 | 017 | 009 | 006 | 001 | 002 | 004 | o 018 | 033 | 1.00
15. | Mathematics Anxiety -0.07 | 021 | 007 | 011 | -0.15 | -0.15 | -0.09 | -0.19 | -0.15 022 | 018 | -0.35 | -0.46 | -0.20 1.00
Achievement Motivation in
16. Mathematics 0.00 0.16 0.01 0.15 0.25 0.14 0.07 0.05 0.06 0.11 0.37 0.56 0.45 0.24 -0.36 1.00

Iér
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TABLE 39

Analysis

Unrotated and Rotated Factor Matrices of the Sixteen Psychological Variables for Average-Achievers in Mathematics

sl Peveholodical Variatl Unrotated factors h2 Rotated factors he
sychological Variables ) )
No. yeholog Factor 1 Factor 2 Factor 3 Factor4 | (communality) | Factor 1 Factor 2 Factor 3 Factor4 | (communality)
1. | Numerical Reasoning 0.14 -0.17 -0.18 0.82 0.76 0.15 -0.06 0.00 0.86 0.76
2. | Ability to use Symbols 0.59 -0.09 0.00 0.12 0.37 0.48 0.20 0.26 0.15 0.37
3. | Spatia! Ability 0.24 -0.12 -0.13 0.05 0.09 0.29 0.05 -0.02 0.09 0.09
4. | Abstract Reasoning 0.62 -0.14 0.09 0.24 0.47 0.55 0.15 0.31 -0.22 047
5. | Inductive Reasoning 0.65 0.09 0.62 0.12 0.83 0.24 0.18 0.86 0.03 0.83
6. | Deductive Reasoning 0.55 0.02 0.64 0.17 0.74 0.19 0.07 0.,83 0.08 0.74
Problem Solving Ability in i i .
7. Mathematics 0.51 0.26 0.20 0.06 0.38 0.48 -0.04 0.37 0.06 0.38
Fluency 0.78 -0.46 -0.20 -0.06 0.86 0.92 0.04 0.12 0.04 0.86
- Flexibility 0.76 -0.47 -0.21 -0.07 0.84 0.91 0.03 0.10 0.03 0.84
10. | Originality 0.71 -0.37 -0.24 -0.08 0.70 0.83 0.10 0.06 0.02 0.70
11. | Mathematics Interest 0.28 0.54 0.27 -0.10 0.45 -0.16 0.50 0.39 -0.16 0.45
Self-Conceptin
12, Mathematics 0.49 0.55 -0.29 -0.21 0.66 0.19 0.78 -0.02 -0.15 0.66
Attitude towards
13, Mathematics 0.62 0.47 -0.18 -0.03 0.64 0.27 0.74 0.16 0.01 0.64
14, Q‘;’;‘(‘d"' towards Academic | 0.40 0.06 0.38 035 0.09 0.44 0.13 0.37 035
15. | Mathematics Anxiety -0.43 -0.40 0.32 017 0.48 -0.19 -0.63 0.03 -0.23 0.48
Achievement Motivaiton in
16. Mathematics 0.40 0.66 -0.12 -0.06 0.61 -0.02 0.77 0.12 -0.04 0.61
Latent roots (Eigen values) 3.51 271 1.97 1.07 9.26
Percent of Variance 37.90 29.27 21.27 11.56 100

261



Analysis 193

4.6.2.1. About the factor structure

By factor analysis, four significant factors were derived to this group.
Variables which have significant loadings (> +0.30) on the factors are represented

schematically as Figure 3.
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FIGURE 3. Schematic representation of the psychological factor structure of Average-Achievers, showing the variables with
significant loadings on the factors.

Note: Variables enclosed in rectangles are identified significant predictor variables.



Analysis 195

Factor 1, accounted by nearly 38 percent of variance of the battery of
psychological variables, has significant loadings on six variables viz., Fluency
(0.92), Flexibility (0.91), Originality (0.83), Abstract Reasoning (0.55), Ability to use
Symbols (0.48) and Problem Solving Ability in Mathematics (0.48) and hence is

characterised by the presence of these six variables.

Factor 2, accounted by nearly 29 percent of variance of the battery of
psychological variables, has significant loadings on six variables viz., Self-Concept
in Mathematics (0.78), Achievement Motivation in Mathematics (0.77), Attitude
towards Mathematics (0.74), Mathematics Interest (0.50), Attitude towards
Academic Work (0.44) and Mathematics Anxiety (-0.63) and hence is

characterised by these six variables.

Factor 3, accounted by nearly 21 percent of variance of the battery of the
psychological variables, has significant loadings on five variables viz., Inductive
Reasoning (0.86), Deductive Reasoning (0.83), Mathematics Interest (0.39),
Problem Solving Ability in Mathematics (0.37) and Abstract Reasoning (0.31) and

hence is characterised by the presence of these five variables.

Factor 4, accounted by nearly 12 percent of variance of the battery of
psychological variables, has significant loadings on two variables viz., Numerical
Reasoning (0.86) and Attitude towards Academic Work (0.37) and hence is

characterised by the presence of these two variables.
4.6.2.2. Significant predictors in the factor structure

In Factor 1, three of the identified six significant predictors have significant
loadings. The three predictors are Flexibility with extremely high presence;
Ability to use Symbols and Problem Solving Ability in Mathematics with low

presence.
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In Factor 2, only one significant predictor viz., Attitude towards Academic
Work has significant loading but with low presence.

In Factor 3, of the identified six predictors, three variables have significant
loadihgs. These are Inductive Reasoning and Deductive Reasoning with very

high presence and Problem Solving Ability in Mathematics with low presence.

In Factor 4, only one significant predcitor viz., Attitude towards Academic

Work has significant loading but with low presence.
4.6.2.3. Communalities of the significant predictors

The communalities for the six significant predictor variables obtained for

the factor structure are given below in the order of magnitude.

i) Flexibility (0.84) [Factor 1*]

i) Inductive Reasoning (0.83) [Factor 3*]

iii)  Deductive Reasoning (0.74) [Factor 3*]

iv)  Problem Solving Ability in Mathematics (0.38) [Factors 1 and 3]
V) Ability to use Symbols (0.37) [Factor 1}

vi)  Attitude towards Academic Work (0.35) [Factors 2 and 4]

[Note: *indicates very high presence in the factor]

The above results suggests that each factor of the group is characterised by
the presence of atleast one of the identified significant predictors. The
communalities of these identified predictors are ranging from 0.35 to 0.84.

4.6.3. Psychological Factor structure of Low-Achievers in Mathematics

The correlation matrix used for extracting factors and the derived
unrotated and rotated factor matrices are presented in Table 40 and Table 41

respectively.




TABLE 40

Correlation Matrix of the Sixteen Psychological Variables for Low-Achievers in Mathematics

Analysis

3(‘) Psychological Variables | 1 2 3 4 5 6 7 8 9 0 | 1o 12 | 13| 14| o1s | 16
1. | Numerical Reasoning 1.00
2. | Ability to use Symbols 0.14 1.00
3. | Spatial Ability 010 | 017 1.00
4, | Abstract Reasoning 0.1 0.14 0.05 1.00
5. | Inductive Reasoning 0.13 0.21 -0.07 0.24 1.00
6. | Deductive Reasoning 002 | 013 | -008 | 0.23 0.53 1.00
Problem Solving Ability in
7. Mathematics 004 | 0.14 0.09 0.07 0.31 0.17 1.00
8. | Fluency 019 | 0.50 0.25 0.31 0.31 0.16 0.20 1.00
9. | Flexibility 0.18 | 0.58 0.22 0.31 0.32 0.15 0.11 0.95 1.00
10. | Originality 0.09 | 0.30 0.15 0.34 | 0.21 012 0.12 0.82 0.79 1.00
11, | Mathematics Interest 007 | -001 | -013 | 0.16 0.08 | -0.05 | 0.08 0.02 0.06 0.09 1.00
Self-Conceptin ] . )
12. Mathematics 0.06 | -0.08 | -0.20 0.05 | 0.20 0.22 0.20 0.15 014 | 014 | 0.28 1.00
Attitude towards
13, Mathematics 0.03 | 0.00 0.02 0.02 0.7 0.1 0.20 | 012 0.07 008 | -0.08 | 0.21 1.00
14, Cv‘g‘r‘;(de‘°‘”a’ds“°ademi° 016 | -0.06 | 025 | -0.11 | 049 | 005 | 034 | -0.09 | -008 | 048 | 005 | 020 | 0.07 | 100
15. | Mathematics Anxiety -0.17 | 006 | 008 | -010 | -0.25 | -010 | 0.34 | -0.20 | -0.13 | -0.08 | -0.26 | -0.37 | -0.04 | -0.09 | 1.00
Achievement Motivation in
16. Mathematics 0.09 | -0.05 | -0.16 | 0.03 002 | -004 | 002 | -0.02 | -0.02 | 0.01 0.15 0.53 0.18 020 | -0.32 | 1.00

67




TABLE 41
Unrotated and Rotated Factor Matrices of the Sixteen Psychological Variables for Low-Achievers in Mathematics

Analysis

g | ' ‘ Unrotatert factors he Rotated factors h2
No. | Pagenclugral Vaiicbles Factor1 | Factor2 | Factor3 Factor 4 | Factor 5 | Factor 6 (corqmu- Factor 1 | Factor 2 | Factor 3 | Factor4 | Factor 5 | Factor 6 (commu—
ac ac nality) c nality)

1. | Numerical Reasoning 028 | 009 | -0.35 -004 | 043 | 054 | 069 = 008 | 020 | 011 | -007 | 078 | 015 | 069
2. | Abilty to use Symbols 063 | 005 | -005 016 | 041 | 013 | o046 061 | 007 | 007 | 021 | 019 | -001 | 046
3. | Spatial Abiity 032 | -037 | 000 039 | 032 | 030 | 058 029 | 025 | 022 | 004 | 056 | 026 | 058
4 | Abstract Reasoning 048 | 010 | 008 043 | 006 | 019 | 047 [ 03 | 010 | 046 | 028 | -005 | 014 | o7
5. | Inductive Reasoning 046 | 051 | 039 028 | 010 | 011 | o072 ¢ 020 | 013 | o075 | 031 | 007 | 002 | 072
6. | Deductve Reasoning 031 | 038 | 048 | -047 | 028 | 005 | 076 | 004 | 001 | 08 | 006 | -002 | 013 | 076
7. fﬂf:tg’;’:aig's"‘”g’*b""“” 025 | 043 | 040 | 032 | 015 | 039 | 066 | oft | 008 | 018 | 078 | 015 | 009 | 068
8. | Fluency 093 | 009 | 007 | o042 | 012 | -008 | o0 | 083 | 00t | of2 | 003 | 013 | oot | 0%
0. | Flexibility 092 | -042 | 006 | 012 | -014 | -011 | o9t | 094 | -002 | 010 | 002 | 008 | 001 | o1
10. | Originality 079 | 047 | 013 | 003 | 043 | -027 | o075 | 085 | -0.01 | 007 | -016 | -004 | 001 | 075
11, | Mathematics Interest 007 | 037 | -048 | 023 | 035 | 014 | 056 | 007 | 048 | 001 | o004 | -004 | 057 | o056
12, a‘:{h‘;’n’;ﬁ"s"" 013 | 078 | 020 | 009 | 047 | -005 | o071 | 023 | 076 | 019 | o017 | 002 | o1 | o7
13, Q‘:::g;g?’c’:ms 008 | 032 | 027 | 043 | 043 | -040 | 071 | 004 | 027 | o012 | 008 | 005 | 078 | o071
14, | Aituds towards 016 | 049 | 035 | 025 | 053 | 008 | o074 . 011 | 017 | 001 | o074 | -039 | 005 | o074

Academic work

15. | Mathematics Anxiety 02 | -05 | 039 | 001 | -001 | 014 | 053 | -041 | -064 | 044 | 011 | -019 | 020 | 0.53
16, | ponvemenMoivaton | 006 | o0ss | 043 | 030 | 008 | 032 | 073 | 000 | 081 | 04 | -002 | 011 | 020 | 073
Latent Roots (Eigen values) 322 | 212 | 173 | 146 | 122 | 146 | 1091

Percent of Variance 29.52 19.43 15.86 13.38 11.18 10.63 100

86T
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4.6.3.1. About the factor structure

By factor analysis, six significant factors were derived to this group.
Variables which have significant loadings (> +0.30) on the factors are represented

schematically as Figure 4.
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Factor 1, accounted by nearly 30 percent of variance of the battery of
psychological variables, has significant loadings on five variables viz., Flexibility
(0.94), Fluency (0.93), Originality (0.85), Ability to use Symbols (0.61) and Abstract

Reasoning (0.38) and hence is characterised by the presence of these five variables.

Factor 2, accounted by nearly 19 percent of variance of the battery of
psychological variables, has significant loadings on four variables viz.,
Achievement Motivation in Mathematics (0.81), Self-Concept in Mathematics
(0.76), Mathematics Interest (0.48) and Mathematics Anxiety (-0.64) and hence is

characterised by these four variables.

Factor 3, accounted by nearly 16 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Deductive
Reasoning (0.86), Inductive Reasoning (0.75) and Abstract Reasoning (0.46) and

hence is characterised by the presence of these three variables.

Factor 4, accounted by nearly 13 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Problem
Solving Ability in Mathematics (0.78), Attitude towards Academic Work (0.74)
and Inductive Reasoning (0.31) and hence is characterised by the presence of

these three variables.

Factor 5, accounted by nearly 11 percent of variance of the battery of
psychological variables, has significant loadings on three variables viz., Numerical
Reasoning (0.78), Spatial Ability (0.56) and Attitude towards Academic Work

(0.39) and hence is characterised by these three variables.

Factor 6, accounted by nearly 11 percent of variance of the battery of
psychological variables, has significant loadings on two variables viz.,, Attitude
towards Mathematics (0.78) and Mathematics Interest (-0.57) and hence is

characterised by these two variables.
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4.6.3.2. Significant predictors in the factor structure

In Factor 1, of the identified six significant predictors of Achievement in
Mathematics, only two are significantly present - Flexibility with extremely high

presence and Ability to use Symbols with considerable presence.
In Factor 2, none of the significant predictors has significant presence.

In Factor 3, of the identified six predictors, two variables have significant
loadings - Deductive Reasoning and Inductive Reasoning with very high

presence.

In Factor 4, three of the identified six significant predictors have significant
loadings. The three predictors are Problem Solving Ability in Mathematics and
Attitude towards Academic Work with very high presence and Inductive

Reasoning with low presence.

In Factor 5, only one significant predictor viz., Attitude towards Academic

work has significant loading, being absent to a low extent.
In Factor 6, none of the significant predictors has significant presence.
4.6.3.3. Communalities of the significant predictors

The communalities obtained for six significant predictor variables are given

below in the order of magnitude.

i) Flexibility (0.91) [Factor 1*]

i) Deductive Reasoning (0.76) [Factor 3*]

iil)  Attitude towards Academic Work (0.74) [Factor 4* and Factor 5]
iv)  Inductive Reasoning (0.72) [Factor 3* Factor 4]

V) Problem Solving Ability in Mathematics (0.68) [Factor 4*]

vi)  Ability to use Symbols (0.46) [Factor 1}

[Note: *indicates very high presence in the factor]
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To have a comprehensive view of the position of significant predictors in
the psychological factor structure of High-, Average- and Low-Achievers in
Mathematics, the structure of the psychological factors of High-, Average- and

Low-Achievers along with the communalities are presented in Table 42.




TABLE 42

Analysis

Summary of the Factor Structures Showing the Position of
Significant Predictors, of High-, Average- and Low-Achievers in Mathematics

cingg

Factor structures of

High-Achievers in Mathematics

Average-Achievers in Mathematics

Low-Achievers in Mathematics

Factor 1 Attitude towards Academic Work (0.72) Flexibility (0.91) Flexibility (0.94)
Ability to use Symbols (0.48) Ability to use Symbols (0.61)
Probiem Solving Ability in Mathematics
(0.48)
Factor 2 Flexibility (0.91) Attitude towards Academic Work (0.44) No identified significant predictor in Factor 2
Problem Solving Ability in Mathematics (0.37)
Factor 3 | Deductive Reasoning (0.91) Inductive Reasoning (0.86) Deductive Reasoning (0.86)
Inductive Reasoning (0.84) Deductive Reasoning (0.83) Inductive Reasoning (0.75)
Problem Solving Ability in Mathematics
(0.37)
Factor 4 Problem Solving Ability in Mathematics (0.64) | Attitude towards Academic Work (0.37) Problem Solving Ability in Mathematics
(0.78)
Attitude towards Academic Work (0.74)
Inductive Reasoning (0.31)
Factor 5 Ability to use Symboils (0.87) -- Attitude towards Academic Work
(-0.39)
Factor 6 - - No identified significant Predictor in Factor 6

Communalities

Deductive Reasoning (0.87)

Flexibility (0.86)

Inductive Reasoning (0.82)

Ability to use Symbols (0.81)

Problem Solving Ability in Mathematics (0.62)
Attitude towards Academic Work (0.56)

Flexibility (0.84)

Inductive Reasoning (0.83)

Deductive Reasoning (0.74)

Problem Solving Ability in Mathematics
(0.38)

Ability to use Symbols (0.37)

Attitude towards Academic Work (0.35)

Flexibility (0.91)

Deductive Reasoning (0.76)

Attitude towards Academic Work (0.74)
Inductive Reasoning (0.72)

Problem Solving Abllity in Mathematics
(0.68)

Ability to use Symbols (0.46)

¥02
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Table 42 reveals that the psychological factor structure of High-Achievers
in Mathematics has five factors; Average-Achievers has four factors and Low-
Achievers has six factors, suggesting that the structures of the three groups are
different. All the five factors in the psychological factor structure of High-
Achievers in Mathematics has one or more of the significant predictors as their
constituents. In the case of Average-Achievers in Mathematics also, all the four
factors have one or more predictor variables with significant loadings. But in the
case of Low-Achievers in Mathematics, out of the six factors, two factors have no

significant predictor variables with significant presence.

Out of the five factors in the psychological factor structure of High-
Achievers in Mathematics, three factors viz., Factor 1, Factor 4 and Factor 5 have
only one significant predictor variable in them. That is, Attitude towards
Academic Work in Factor 1, Problem Solving Ability in Mathematics in Factor 4
and Ability to use Symbols in Factor 5 with respective loadings as 0.72, 0.64 and
0.87. The other two factors viz.,, Factor 2 and Factor 3 contain two significant

predictor variables each in them.

Out of the four factors in the psychological factor structure of Average-
Achievers in Mathematics, two factors viz., Factor 2 and Factor 4 have only one
significant predictor variable in them. The variable Attitude towards Academic
Work makes its presence independent of other significant predictor variables in
both the factors. The loadings of this variable in the Factor 2 and 4 are 0.44 and
0.37 respectively. The other two factors viz., Factor 1 and Factor 3 contain three

significant predictor variables each in them.

Out of the six factors in the psychological factor structure of Low-

Achievers in Mathematics, Factor 5 is characterised by the single predictor
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variable Attitude towards Academic Work with loading-0.39 indicating absence

of this predictor in the factor to a low extent.

Findings

The psychological factor structure of High-Achievers in Mathematics has
five factors; Average-Achievers has four factors and Low-Achievers has six
factors. Placing of the signifiéant predictors Attitude towards Academic Work,
Problem Solving Ability in Mathematics and Ability to use Symbols with
significant loadings in the factor structure of High-Achievers in Mathematics
makes it distinct from that of Average-Achievers in Mathematics. A factor
(Factor 5) with a considerably negative loading on Attitude towards Academic
Work makes the factor structure of Low-Achievers in Mathematics distinct from
that of High- and Average-Achievers and thus the three factor structures are
different.

4.7. FINDINGS OF THE STUDY
Findings of the study derived by all the analyses are summarised below:

1. Significant effect exists on Achievement in Mathematics, of all the sixteen
psychological variables viz., Numerical Reasoning, Ability to use Symbols,
Spatial Ability, Abstract Reasoning, Inductive Reasoning, Deductive
Reasoning, Problem Solving Ability in Mathematics, Fluency, Flexibility,
Originality, Mathematics Interest, Self-Concept in Mathematics, Attitude
towards Mathematics, Attitude towards Academic Work, Mathematics

Anxiety and Achievement Motivation in Mathematics.

2. Significant difference exists between all the three group pairs viz., (a) High-
and Avefage-Achievers (b) High- and Low-Achievers (c) Average- and

Low-Achievers in the mean scores of the eight psychological variables viz.,
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Ability to use Symbols, Inductive Reasoning, Deductive Reasoning,
Problem Solving Ability in Mathematics, Fluency, Flexibility, Attitude
towards Academic Work and Mathematics Anxiety. The remaining eight
variables show difference only in two group pairs viz., High- and Average-

Achievers, and, High- and Low-Achievers.

All the sixteen psychological variables are significantly correlated with
Achievement in Mathematics (P < 0.01). The only variable having
significant negative correlation with Achievement in Mathematics is

Mathematics Anxiety.

Six psychological variables viz., Inductive Reasoning, Problem Solving
Ability in Mathematics, Attitude towards Academic Work, Flexibility,
Ability to use Symbols and Deductive Reasoning were found to be
significant predictors of Achievement in Mathematics. The coefficient of
predictive efficiency of these six variables is 0.581 and the combined effect

of these six predictors on Achievement in Mathematics is 0.762.

The six significant predictor variables in the order of their efficiency for
predicting Achievement in Mathematics are Problem Solving Ability in
Mathematics, Attitude towards Academic Work, Inductive Reasoning,
Flexibility, Deductive Reasoning and Ability to use Symbols.

The regression equation to predict Achievement in Mathematics in terms

of the six significant predictors is
Y' = 0.08X5 + 0.23X7 + 0.05X14 + 0.06X9 + 0.34X3 + 0.07X¢ - 6.19

where Y' is the predicted score of Achievement in Mathematics and Xs, X7,
X1, X9, X2 and Xs are individual's raw scores on the variables Inductive

Reasoning, Problem Solving Ability in Mathematics, Attitude towards




10.

Analysis 208

Academic Work, Flexibility, Ability to use Symbols and Deductive

Reasoning respectively.

The two discriminant functions viz.,

D1=0.147, + 0.24Z5 + 0.28Z¢ + 0.38Z7 + 0.2279 + 0.42714 and

D2 =0.47Z> - 0.01Z5 - 0.56Z¢ ~ 0.40Z7 + 0.2279 + 0.67Z11 are efficient enough
to discriminate significantly the three groups of achievers with 59.40
percent being the rate of correct classification. The coefficient of
effectiveness of the first function for discriminating High-Achievers from
Average- and Low-Achievers in Mathematics is 97.65 and the coefficient of
effectiveness of the second function for discriminating Low-Achievers

from High- and Average-Achievers in Mathematics is 2.35.

The psychological factor structure of High-Achievers in Mathematics has
five factors, Average-Achievers has four factors and Low-Achievers has six

factors, suggesting that the structures for the three groups are different.

In the psychological factor structure of High-Achievers in Mathematics,
each significant predictor except Problem Solving Ability in Mathematics
finds a place with high loadings in each factor of the structure and that the
communalities of these are very high ranging from 0.56 to 0.87. Four of

these predictor variables show communalities above 0.80.

In the psychological factor structure of Average-Achievers in Mathematics,
each factor is characterised by the presence of at least one of the identified
significant predictors. The communalities of these predictors are ranging
from 035 to 0.84. Only two variébles viz., Flexibility and Inductive
Reasoning show communalities greater than 0.80.
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11.  In the psychological factor structure of Low-Achievers in Mathematics,
each significant predictor except Ability to use Symbols finds a place with
high loadings in the factor. The communalities are ranging from 0.46 to
0.91. Only one variable viz., Flexibility shows communality greater than

0.80.
4.8. TENABILITY OF HYPOTHESES

i) The first hypothesis states that "each select psychological variable has

significant effect on Achievement in Mathematics".

One-way analysis of variance revealed that all the sixteen psychological
variables have significant effect on Achievement in Mathematics. Thus, the first

hypothesis is fully substantiated.

ii) Second hypothesis states that "significant relationship exists between each

psychological variable and Achievement in Mathematics".

The coefficient of correlations (Pearson's r) obtained between Achievement
in Mathematics and each of the sixteen psychological variables revealed that all
the sixteen psychological variables have significant correlation with Achievement

in Mathematics. Thus, the second hypothesis is fully substantiated.

iti)  Third hypothesis states that "Achievement in Mathematics can be

significantly predicted by a combination of the predictor variables".

The regression analysis showed that six out of the sixteen psychological
variables are significant predictors of Achievement in Mathematics. Thus, the

third hypothesis is substantiated.

iv)  Fourth hypothesis states that "group membership as High-, Average- and

Low-Achievers in Mathematics can be effectively predicted using linear
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discriminant functions in terms of the significant predictor variables of

Achievement in Mathematics".

Discriminant function analysis yielded two discriminant equations for
predicting group membership as High-, Average- and Low-Achievers in
Mathematics in terms of the significant predictor variables of Achievement in
Mathematics. The coefficient of effectiveness of first and second function is 97.65

and 2.35 respectively. Thus, fourth hypothesis is substantiated.

V) Fifth hypothesis states that "the position of significant predictors of
Achievement in Mathematics in the psychological factor structure of the
groups High-, Average- and Low-Achievers will be different in terms of

factor loadings and hence of communalities".

Factor analysis revealed that the position of significant predictors of
Achievement in Mathematics in the psychological factor structure of the groups
High-, Average- and Low-Achievers in Mathematics are different in terms of their

factor loadings and communalities. Thus, fifth hypothesis is fully substantiated.

Since all the five hypotheses are substantiated, the major hypothesis of the
present study viz., "Achievement in Mathematics of secondary school pupils can
be significantly predicted by means of the select set of psychological variables" is
substantiated to a good extent.
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his chapter presents the major findings emerged by the study,

Tconclusions arrived at, educational implications of the major findings

and suggestions for further research along with a perspective of the study in

retrospect with details like title of the problem, variables, objectives, hypotheses
and methodology of the study.

5.1. STUDY IN RETROSPECT
5.1.1. Restatement of the Problem

The study was entitled "CERTAIN PSYCHOLOGICAL VARIABLES AS

PREDICTORS OF ACHIEVEMENT IN MATHEMATICS OF SECONDARY SCHOOL
PUPILS OF KERALA."

5.1.2. Variables

The study was designed with Achievement in Mathematics as the criterion
(dependent variable) and sixteen psychological variables as predictor

(independent) variables. The sixteen variables used as predictor variables were,

1) Numerical Reasoning
1) Ability to use Symbols
ili)  Spatial Ability

iv)  Abstract Reasoning

V) Inductive Reasoning

vi)  Deductive Reasoning




Xiv)
XV)

xvi)

Problem Solving Ability in Mathematics
Fluency

Flexibility

Originality

Mathematics Interest

Self-Concept in Mathematics

Attitude towards Mathematics

Attitude towards Academic work
Mathematics Anxiety, and

Achievement Motivation in Mathematics

5.1.3. Objectives
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The study was designed with the major objective viz., "to test for the ability

of each select psychological variable in predicting significantly Achievement in

Mathematics of secondary school pupils and hence to identify the significant

predictors of Achievement in Mathematics."

The above major objective was tested by means of the following statistical

procedures, the results of each of which led to the answering of the major

objective of the study.

i) Test of significance of the effect of each psychological variable on

Achievement in Mathematics which indirectly indicates the possible

relation of the psychological variables with Achievement in Mathematics

and hence of the possible predictability.

i) Estimation of the relationship of each psychological variable with

Achievement in Mathematics which suggests the extent of predictability of

the psychological variables.
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iii)  Identification of the significant psychological predictors of Achievement in
Mathematics by regression analysis and thereby estimation of the
predictive efficiency of the significant predictors in predicting

Achievement in Mathematics.

iv)  Derivation of the linear discriminant functions in terms of the significant
predictors and hence of their effectiveness in predicting group membership

like High-, Average- and Low- Achievers in Mathematics.

V) Identification of the factor structures of High-, Average- and Low-
Achievers in Mathematics and thereby a comparison of the significant
predictors' standing (in terms of factor loadings and communalities) in the

three factor structures.
5.1.4 Hypotheses

The major hypothests set for the present study was "Achievement in
Mathematics of secondary school pupils can be significantly predicted by means
of the select set of psychological variables."

The major hypothesis was tested by framing the following hypotheses, the
testing of each of which is analogous to the testing of the major hypothesis.

i) Each select psychological variable has significant effect on Achievement in

Mathematics.

i) Significant relationship exists between each psychological variable and

Achievement in Mathematics.

ili)  Achievement in Mathematics can be significantly predicted by a

combination of the predictor variables.
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Group membership as High-, Average- and Low- Achievers in
Mathematics can be effectively predicted using linear discriminant

functions in terms of the significant predictor variables of Achievement in

Mathematics.

V) The position of significant predictors of Achievement in Mathematics in the
psychological factor structure of the groups High-, Average- and Low-
Achievers will be different in terms of factor loadings and hence of
communalities.

5.1.5 Sample

The study was conducted on a final sample of 500 secondary school pupils

drawn from six different districts of Kerala by stratified sampling method.

5.1.6 Tools

The tools used were,

Test of Achievement in Mathematics

Test of Numerical Reasoning

Test of Ability to use Symbols

Test of Spatial Ability

Test of Abstract Reasoning

Test of Inductive Reasoning

Test of Deductive Reasoning

Test of Problem Solving Ability in Mathematics.
Test of Mathematical Creativity.
Mathematics Interest Inventory

Scale of Self-Concept in Mathematics

Scale of Attitude towards Mathematics
Scale of Attitude towards Academic Work.
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xiv)  Scale of Mathematics Anxiety, and
xv)  Scale of Achievement Motivation in Mathematics

5.1.7 Statistical Techniques Used
Major statistical techniques used in the analysis of data were the following;:

i) One-way Analysis of Variance.

i) Pearson's Product Moment Coefficient of Correlation.
ili)  Stepwise Regression Analysis.

iv)  Discriminant Function Analysis.

v) Factor Analysis.
5.2. MAJOR FINDINGS OF THE STUDY

Major findings of the study disclosed through the different statistical

analyses are the following.

521. One-way analysis of variance on the effect of the psychological variables on
Achievement in Mathematics revealed that all the sixteen psychological variables
have significant effect on Achievement in Mathematics. That is, groups of High-,
Average- and Low- Achievers in Mathematics differ significantly in the mean

scores of all the sixteen psychological variables viz.,

1) Numerical Reasoning

it) Ability to use Symbols

iii)  Spatial Ability

iv)  Abstract Reasoning

V) Inductive Reasoning

vi)  Deductive Reasoning

vii)  Problem Solving Ability in Mathematics
viii) Fluency
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ix) Flexibility

X) Originality

xi)  Mathematics Interest

xii)  Self-Concept in Mathematics

xiii)  Attitude towards Mathematics
xiv) Attitude towards Academic Work
xv)  Mathematics Anxiety, and

xvi)  Achievement Motivation in Mathematics

521.1. By the Scheffe's test of multiple comparison for pairwise group

b)

difference, it was found that

Significant difference exists between all the three group pairs viz., High-
and Average- Achievers; High- and Low- Achievers, and Average- and

Low- Achievers in the mean scores of eight psychological variables viz.,

i) Ability to use Symbols

ii) Inductive Reasoning

ii)  Deductive Reasoning

iv)  Problem Solving Ability in Mathematics
V) Fluency

vi)  Flexibility

vii)  Attitude towards Academic Work, and

viii) Mathematics Anxiety

Significant difference exists between the group pairs viz.,, High-and
Average- Achievers, and, High- and Low- Achievers in the mean scores of

the remaining eight psychological variables viz.,

i) Numerical Reasoning

i)  Spatial Ability




ili)  Abstract Reasoning

iv)  Originality

V) Mathematics Interest

V) Self-Concept in Mathematics

vii)  Attitude towards Mathematics, and

viii)  Achievement Motivation in Mathematics
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5.2.2. Estimation of the coefficient of correlations (Pearson's r's) between Achievement in

Mathematics and each of the sixteen psychological variables revealed that all the sixteen

psychological variables have significant correlation (at 0.01 level) with

Achievement in Mathematics.

correlation are as follows.

i)

iv)

Inductive Reasoning (r = 0.62, P < 0.01)
Cloge (0.54, 0.70)
12 = 38.44
Predictive efficiency, E=0.22

i

Problem Solving Ability in Mathematics (r = 0.59, P < 0.01)
Closs = (051,0.67)
r2 =34.81
Predictive efficiency, E = 0.19

Fluency (r = 0.55, P < 0.01)
Cloge = (047, 0.63)
rz = 30.25
Predictive efficiency, E.= 0.16

Deductive Reasoning (r = 0.54, P < 0.01)
Cloge = (0.46, 0.62)
2 = 29.16

These variables in the order of the index of




v)

vi)

Vi)

viii)

ix)

x)

Predictive efficiency, E =0.16

Flexibility (r = 0.54, P <0.01)
Clogs = (0.46, 0.62)
rz = 29.16
Predictive efficiency, E =0.16

Originality (r = 0.45, P < 0.01)
Cloge = (0.35, 0.55)
r2 = 20.25
Predictive efficiency, E=0.11

Attitude towards Academic Work (r=0.45P<0.01)
Clog = (0.35, 0.55)
2 = 20.25
Predictive efficiency, E=0.11

Abstract Reasoning (r = 0.44, P < 0.01)
Closo = (0.34, 0.54)
r2 = 19.36
Predictive efficiency, E =0.10

Ability to use Symbols (r = 0.42, P < 0.01)
Clos = (0.32,0.52)
2 = 17.64
Predictive efficiency, E =0.09

Mathematics Anxiety (r = -0.34, P < 0.01)
Clogo = (-0.44, -0.24)
rz = 11.56
Predictive efficiency, E =0.06
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xi)

xii)

X1ii)

Xiv)

X.V)

xvi)

Attitude towards Mathematics (r = 0.30, P < 0.01)
Clog = (0.20, 0.40)
2 = 9.00
Predictive efficiency, E = 0.05

Numerical Reasoning (r = 0.23, P < 0.01)
Clog = (0.13, 0.33)
12 =529
Predictive efficiency, E = 0.03

Mathematics Interest (r = 0.23, P < 0.01)
Clogs = (0.13, 0.33)
2 = 529
Predictive efficiency, E = 0.03

Achievement Motivation in Mathematics (r=0.20, p<0.01)
Clos = (0.10, 0.30)
2 =400
Predictive efficiency, E=0.02

Self-Concept in Mathematics (r =0.17, P < 0.01)
Clooe = (0.07,0.27)
r2 =289
Predictive efficiency, E =0.01

Spatial Ability (r = 0.16, P < 0.01)
Clogs = (0.06,0.26)
2 = 2.56
Predictive efficiency, E =0.01
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5.2.3. Identification of the significant predictors of Achievement in Mathematics by
regression analysis resulted that among the sixteen psychological variables, only six
variables are significant predictors. These six variables are Inductive Reasoning
(X5), Problem Solving Ability in Mathematics (X7), Attitude towards Academic
Work (Xu4), Flexibility (Xo), Ability to use Symbols (X2) and Deductive Reasoning
(Xs). The predictor variables entered in each step of step-wise regression analysis,
the value of multiple correlation R in the successive steps and the multiple

regression equations developed in the successive steps are given as Table 43.




Suntmary

TABLE 43

Variables Entered, Multiple Correlation R and

Multiple Regression Equations Developed in

the Successive Steps of Step wise Regression Analysis

Variables entered Multiple Regression Equations
correlation 'R’

Inductive Reasoning (Xs) 0.616 Y'=0.30Xs+1.14
Problem Solving Ability in Mathematics (X7) 0.692 '=0.21X5+ 0.35 X7 + 0.28
Attitude towards Academic Work (X14) 0.721 Y'=0.18 X5 + 0.32X7 + 0.05X14 - 5.02
Flexibility (Xo) 0.748 Y' = 0.15 X5 + 0.23 X7 + 0.05 X14 + 0.07 X9 - 5.88
Ability to use Symbols (X2) 0.758 Y'=0.13 X5 + 0.23X7 + 0.05X14 + 0.06X9 + 0.33X7 -6.11
Deductive Reasoning (Xe) 0.762 Y' = 0.08Xs + 0.23X7 + 0.05X14 + 0.06Xg + 0.34X> + 0.07Xs - 6.19

Note: (i) All the values of multiple correlation R cited are significant at 0.01 level

(i) Y'is the predicted value of Y, the Achievemen

t in Mathematics.

122
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5.2.3.1. The coefficient of multiple determination, R? as Zfr = 0.581 suggests that 58.10
percent of variance in Achievement in Mathematics is attributable to the six
psychological variables identified as significant predictors so that the contribution

of each significant predictor variable is as follows:

1) Problem Solving Ability in Mathematics - 14.20 percent
i) Attitude towards Academic Work - 10.80 percent
iii)  Inductive Reasoning - 10.50 percent
iv)  Flexibility - 9.70 percent
V) Deductive Reasoning - 7.00 percent
vi)  Ability to use Symbols.- - 5.90 percent

524. Discriminant function analysis yielded two discriminant functions for
predicting group membership as High-, Average- and Low- Achievers in
Mathematics and these are,

D1=0.147, + 02475 + 0.28 Zs + 0.38Z7 + 0.227Z9 + 0.4274 and

D2 = 04725 -0.01Z5 - 0.56 Z¢ - 0.40Z7 + 0.22Z + 0.67Z14, which are efficient enough
to discriminate significantly the three groups of achievers with 59.40 percent of
correct classification. The coefficient of effectiveness of the first function for
discriminating High- Achievers from Average- and Low- Achievers in
Mathematics is 97.65 and the coefficient of effectiveness of the second function for
discriminating Low- Achievers from High- and Average- Achievers in

Mathematics is 2.35.

5.2.5. Principal Components Factor analysis done for evolving the factor structures
of High-, Average-, and Low- Achievers in Mathematics revealed that the High-
group has five factors, Average-group has four factors and the Low-group has six
factors. Details of these three factor structures indicating the position of the

significant predictors in each are presented in Table 44.




TABLE 44

Summary

Summary of the Factor Structures Showing the Position of
Significant Predictors, of High-, Average- and Low-Achievers in Mathematics

Factor structures of

High-Achievers in Mathematics

Average-Achievers in Mathematics

Low-Achievers in Mathematics

Factor 1 Attitude towards Academic Work (0.72) Flexibility (0.91) Flexibility (0.94)
Ability to use Symbols (0.48) Ability to use Symbols (0.61)
Problem Solving Ability in Mathematics
(0.48)
Factor 2 Flexibility (0.91) Attitude towards Academic Work (0.44) No identified significant predictor in Factor 2
Problem Solving Ability in Mathematics (0.37)
Factor 3 Deductive Reasoning (0.91) Inductive Reasoning (0.86) Deductive Reasoning (0.86)
Inductive Reasoning (0.84) Deductive Reasoning (0.83) Inductive Reasoning (0.75)
Problem Solving Ability in Mathematics
(0.37)
Factor 4 Problem Solving Ability in Mathematics (0.64) | Attitude towards Academic Work (0.37) Problem Solving Ability in Mathematics
(0.78)
Attitude towards Academic Work (0.74)
Inductive Reasoning (0.31)
Factor 5 | Ability to use Symbols (0.87) -~ Attitude towards Academic Work
(-0.39)
Factor 6 -- -~ No identified significant Predictor in Factor 6

Communalities

Deductive Reasoning (0.87)

Flexibility (0.86)

Inductive Reasoning (0.82)

Ability to use Symbols {0.81)

Problem Solving Ability in Mathematics (0.62)
Attitude towards Academic Work (0.56)

Flexibility (0.84)

Inductive Reasoning (0.83)

Deductive Reasoning (0.74)

Problem Solving Ability in Mathematics
(0.38)

Ability to use Symbols (0.37)

Attitude towards Academic Work (0.35)

Flexibility (0.91)

Deductive Reasoning (0.76)

Attitude towards Academic Work (0.74)
Inductive Reasoning (0.72)

Problem Solving Ability in Mathematics
(0.68)

Ability to use Symbols (0.46)

1344
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Placing of the significant predictors Attitude towards Academic Work,
Problem Solving Ability in Mathematics and Ability to use Symbols with
significant loadings in the factor structure of High- Achievers in Mathematics
makes it distinct from that of Average- Achievers in Mathematics. A factor
(Factor 5) with a considerably negative loading on Attitude towards Academic
Work makes the factor structure of Low- Achievers in Mathematics distinct from

that of High- and Average- Achievers.
5.3. CONCLUSION

The study was designed with the major objective of testing the ability of
each select psychological variable in predicting Achievement in Mathematics of
secondary school pupils and hence to identify the significant predictors of
Achievement in Mathematics. This was tested by framing minor objectives and
these objectives were tested through different statistical techniques like one-way
analysis of variance, coefficient of correlations, stepwise regression analysis, direct

discriminant function analysis and principal factor analysis.

It was then found that all the sixteen psychological variables have
significant effect and significant correlations with Achievement in Mathematics,
indicating that all the variables are able to predict Achievement in Mathematics.
But stepwise regression analysis pointed out only six of the sixteen psychological
predictor variables as significant predictors of Achievement in Mathematics.
These six significant predictors, contributing 58.10 percent of variation in the
variance of Achievement in Mathematics, are Problem Solving Ability in
Mathematics (14.20 percent), Attitude towards Academic Work (10.80 percent),
Inductive Reasoning (10.50 percent), Flexibility (9.70 percent), Deductive
Reasoning (7.00 percent) and Ability to use Symbols (5.90 percent). Discriminant
function analysis, examining the ability of the six significant predictors in

determining the group membership as High-, Average- and Low- Achievers in
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Mathematics yielded two discriminant functions which are efficient enough with
59.40 percent as the index of correct classification to the three groups. The factor
structures derived by factor analysis revealed that all the factors in the factor
structures of High- and Average- Achievers have one or more of the identified
predictors with significant loadings, while that of Low- Achievers has only four
factors loaded with one or more of the identified predictors, thus making the
factor structures different in terms of variables present in the factors with factor

loadings and communalities.

All these findings led the investigator to conclude that out of the sixteen
psychological variables put as predictor (independent) variables, only six of them
viz., Problem Solving Ability in Mathematics, Attitude towards Academic Work,
Inductive Reasoning, Flexibility, Deductive Reasoning and Ability to use Symbols
turned to be the significant predictors of Achievemént in Mathematics with 14.20
percent, 10.80 percent, 10.50 percent, 9.70 percent, 7.00 percent and 5.90 percent
respectively as the percentage of variance contributable to the variation in the

variance‘ of Achievement in Mathematics.
5.4. EDUCATIONAL IMPLICATIONS OF THE STUDY

The statistical analyses done for the study led the investigator to conclude
that the six variables viz.,, Problem Solving Ability in Mathematics, Attitude
towards Academic Work, Inductive Reasoning, Flexibility, Deductive Reasoning
and Ability to use Symbols are the significant predictors of Achievement in
Mathematics with 14.20 percent, 10.80 percent, 10.50 percent, 9.70 percent, 7.00
percent and 5.90 percent respectively as the percentage of variance contributable

to the variation in the variance of Achievement in Mathematics.

On the basis of the above findings the investigator put forward the

following suggestions with regard to each significant predictor for the
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improvement of the present educational practices and hence for the betterment of

the young pupil's Achievement in Mathematics.

Among the six identified predictors of Achievement in Mathematics,

Problem Solving Ability in Mathematics has the highest predictive efficiency

when compared to other five variables. Therefore, development of problem

solving ability in mathematics becomes the most essential for high achievement in

mathematics. Problem solving ability in mathematics is the ability of students for

arriving at solutions to problems which involve the use of mathematics. Develop

this ability through the following procedures.

i)

To learn to solve problems, students must have an opportunity to solve
problems. Therefore, educators should find time for giving problem
solving experiences; find a reward system for motivating students and
develop some basic problem solving approaches suitable for young

children to adapt.

Problem solving as a method of learning assumes that, many often,
le;u'ners discover higher order rules without specific help. Therefore give
every chance of solving problems by means of 'discovery method.'
Instruction in subject matter areas should focus on learning the cognitive

processes and strategies required for successful problem solving.

Application of mathematics should be employed to stimulate students'
interest in problem solving and to demonstrate the wide range of physical
situation in which mathematics is used to find solutions or to reach
decisions. Problems derived from real world situations may be of interest
to students. Using such problems, teachers can help students to convince
that mathematics is not simply a body of knowledge assembled for

youngsters to learn but a modern useful tool.




Vi)

vii)
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Teachers and the educators should know the utilisation of advance
organizers in right situations which are useful in evoking previously
learned concepts and principles in the learning of new principles and in

better problem solving.

As there are different types of problems such as real life problems, abstract
problems, insight problems, work problems, number theory problems, age
problems, motion problems, proofs etc., ways of solving each type should

be made familiar to the students.

A teacher should be able to distinguish between 'problems’ and 'exercises'
because problems require the students to use insight and exercises provide
practice in learning skills. Moreover, every teacher should have a
collection of different types of problems and exercises. Then only teachers
will be able to provide questions and solutions which are exercises and

problems for the students.

Since there are different ways of attacking a problem for solving, teaching
methods employed in classrooms should have free choice of learning

activities and small group co-operative activities.

Attitude towards Academic Work is the second significant predictbr

variable of Achievement in Mathematics. As any achievement needs a right

attitude for that, for achievement in mathematics also, right attitude to academic

work seemed to be essential. Therefore, develop a right attitude to academic

work through the following as right attitudes can be developed and strengthened

by the earnest efforts of teachers, administrators and parents.

i)

Attitude towards teachers, administrators and academic and disciplinary
policies are the major factors often influencing students' attitude towards

academic work. Hence educators should deal with the children




Summary 228

psychologically and make the school activities joyful. Learning should be

‘made pleasurable and school should become an attractive place to children.

The principle of intercorrelation of subjects should be followed in
classrooms while teaching so that learning can be made more meaningful

and lively.

The investigator feels that the so named 'tough' subject Mathematics plays
a major role in determining children's attitude towards academic work. So
teaching of mathematics should be related to daily life situations and hence
make the subject more life oriented. Learning of mathematics should be
made easier and happier by using appropriate instructional strategies.
Further, organize co-curricular activities involving mathematics such as
mathematics exhibitions, fairs, club activities etc. which will help the

students to improve their attitude towards academic work.

Parents should be made aware of their role in creating a positive attitude
towards academic work in their children. They should create an awareness
in children that education is the only instrument for upward social
mobility and should give all the possible means of facilities for the positive

involvement of children in learning activities.

Inductive and Deductive Reasoning are the next two reasoning abilities

found as significant predictors of Achievement in Mathematics. Nurture these

reasoning abilities which are the core of mathematics learning by doing the

following.

i)

As values are to be caught than taught, the skill of doing mathematical
operations mentally is to be acquired by children through earnest
participation in learning activities. Therefore, students should be

provided with tasks requiring different mental processes and operations
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involving inductive and deductive reasoning abilities supplemented by

enough illustrative examples.

Though inductive reasoning is found as more effective and capable of
predicting Achievement in Mathematics than deductive reasoning, teachers
should remember that these two patterns of reasoning are complementary
to each other. So teaching of concepts should start with inductive method
where generalizations are drawn from a set of observed events and after
generalizations students be trained to go to particular instances so that
students may realise the complementary nature of inductive and deductive

reasoning abilities and will use in later situations.

Many of the mathematics programmes of our schools are heavily devoted
to the development of computational skills and provide little opportunity
to demonstrate the complex types of reasoning skills. So an understanding
of developmental differences in reasoning and of the sources of reasoning
errors becomes important for educational practice, because educational

material can be more effective when it matches children's reasoning skills.

Depending on the scope and nature of the content, teachers should adopt
information processing models of teaching such as inductive thinking
model and concept attainment model as major instructional strategies for

developing the two reasoning abilities.

For developing and nurturing the ability of Flexibility, a component ability

of mathematical creativity, suggestions are the following:

i)

Teachers should provide freedom to the students to think and express
freely. Make flexible every problem solving opportunity. As also,
discussions should be made open and untimely judgements and evaluation
should be avoided.
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Children should not be subjected to blind or meaningless conformity and
rigidity in learning situations. While solving problems and in similar
situations, teachers should seek for opportunities so that students can

exercise innovative ideas and novel ways of solving problems.

Different techniques such as brain storming, role playing, morphological
analysis, lateral thinking, questioning etc. should be adopted for creative
teaching and learning. Synectics, which is a model of teaching to develop

creativity should be adopted wherever possible.

Creative abilities are interrelated. Teachers should be aware that a
teaching strategy which aims at developing one ability may simultaneously
develop other abilities as well. Similarly, all areas of the curriculum should
be regarded as instruments to develop creativity and its components. So
classroom teaching and learning environment should be conducive to

facilitate mathematical creativity.

For promoting the remaining significant predictor of Achievement in

Mathematics 'Ability to use Symbols', following are the suggestions.

i)

Teachers should be aware that ability to use symbols is the very basic
ability for doing mathematical operations and is highly required for the
solving of problems however complex it may be. So training should be
given through sufficient exercises for the enrichment of this ability from the
primary classes itself.

By proper evaluation, mathematics teachers should see that ability to use
symbols and symbolic representation of mathematical concepts are rightly
established in each and every student of his class from the very beginning

of mathematics learning.
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Teachers should encourage students to express mathematical ideas in
terms of mathematical symbols than verbal expressions while solving

mathematical problems.

In short, the relation of cognitive and affective variables with Achievement

in Mathematics points out that the usual educational practices should be based on

cognitive and affective outcomes. That is, teachers should be aware of the

relationship of cognitive and affective variables with achievement while

designing instructional experiences and evaluation techniques.

5.5. SUGGESTIONS FOR FURTHER RESEARCH

1.

The study found that 58 percent of the variance in Achievement in
Mathematics is attributable to the variation in the identified significant
predictors. This further implies that the remaining 42 percent of variation
in Achievement in Mathematics is caused by some other variables. This
necessitates a study on the identification of the significant predictor
variables incorporating other cognitive, affective, and socio-familial

variables.

At present there is no comprehensive test for measuring the significant
predictors and predicting Achievement in Mathematics of secondary
school pupils. So it will be better to conduct a study for the development
of a comprehensive test covering all the five cognitive predictors of
Achievement in Mathematics and thereby studying its effectiveness in
predicting Achievement in Mathematics.

Since the variables Inductive Reasoning, Problem Solving Ability in
Mathematics, Deductive Reasoning etc. were found to be as significant
predictors of Achievement in Mathematics, conduct experimental studies

on the effectiveness of process oriented methods like problem solving
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method, inductive-deductive method etc. on the development of these

" abilities.

Make content analysis of mathematics text books at secondary school level
for determining the scope of the development of the significant predictors
found in the study. By dissemination of this, teachers will be helpful for
the attainment of such abilities through framing proper learning activities.

Better understanding of the predictors of Achievement in Mathematics
necessitates parallel studies on the identification of the predictors
(including cognitive, affective and socio-familial variables) of achievement
in the different branches of Mathematics viz., Arithmetic, Algebra and
Geometry.

As mathematics is the queen of sciences and the application of mathematics
is highly essential for success in other sciences, replicate the study on the
achievement in other science subjects so that similarities and differences in

the predictors can be noticed.
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A ABC ofimdAB, BC, AC mawges awsmilmgendd @wno@2e PQ,R @rem”
PQ=3cm, QR =4.5cm, PR = 5cm. A ABC @ges aggsal’ éemendangs. (1 l/2)

®35@9)@O® 9230N3 WRSTVoAUKHSIONS IS 90 BRWITY (NVohj&BHAI? (1‘/2)

APQR @3PR = QR. L. PRS &@3 snoanieassmoety’. /- PRS = 100°epwocd 2P,

LQ DAWIOS BRSAISHWB SEMENIENIS. (')

603 6oleQIGlILOMIOS 4356 @351@08 AEleNIMZ. 83 URSISICT (@ B35)e03
BTN BREWZo QIBKRESIo DO, af(@® QAUSSIHTBAT &eMenene (1 l/2)

6303 a10gflecodiwellam Sy e mgelgjeandd 10y*+15y° +30y? elgammaecusicd
BaloHEMIAWER aPa (1'7,)

Mo almgeoesTiaieges 6oy edlmneomlen alacidgpe 256.6404m?

@RI BROING 803 VRO (fgo GEMENII6 a\v,)
5a-10b + 15¢ apn @aidglemodlellom-5 6600 an@lengs. (1'/2)
mAQaVAAIDGe DaleIUWlel aflaigeflo.dlenge:.

93 x 68 2',)

6303 8aNOQVEflod 60 3SIWBER 30 FUMVBOMES BAIATE BZaNIBTVIWMo @M
01gflg2em300legmmg. 10 MlaKnie &aUTw’ @303]3 GGG @3Sl aiay’
821BME 03 15 Ao &6 MVOWMEBRE GBMIZIOVS. 2133 QN3

82180 &ISNSBINS aDGPo aD(@? ')
QISH(HW Gal@e. 6 X - 8x% + 12x @',)

8@3 emoefl 20 AlaiTe B 6V BIBHOM 3 2igEHMOBED @R6L)ECd

6 MUONOHBED BRPQICAIAVETT. GRBBOMOWENTI BOE® LY@ 12 a13EZeMIGIo

8 (O:es3e aradlaf 60m dlBeN0M «p@@ Slaime eaindlaiege? (2’/2)
QISG(SIW Oal@3e 16 X* + 24xy + 9y? ' 3)
eeeodlenge  (5x-3y)2+ (3x+2y) 3)

AB=7cm,BC=5cm, LA=75° £ B=95° £.C=100°. sxngdr3eno ABCD
B enges. 3)
PQ=6cm, QR =5.5cm, PS=4.5cm, Z.P=65%, /. Q= 80° 103323630 PQRS
adadlengss. 3)



APPENDIX II

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF ACHIEVEMENT IN MATHEMATICS

(DRAFT)
Dr. V. Sumangala ' Mumthas, N.S.
Reader in Education Research Scholar
Instructions Time:; 2 hours

Mark: 50

The following are some questions based on the VII*h standard- Mathemancs

text book. Read the questions carefully before answering.

L

For questzons 1 to 16, choose the correct answer from among the choices
given in brackets.

Name the mathematician who introduced the éoncept of set.
[Ramanujan, Georgé Canior, Aryabhatta, Bhaskaracharya] X
How many variables are there ina simple equation?
[0,1,2, 3]

Which of the following is the Hero's formula?

[t:bh, V3a2/4, 6Va2/4, VS(s-a) (s-b) (s-C)]

What is the cube root of 27000?
[3, 30, 300, 3000}

If the number of elements in two finite sets are equal what are they called?
[Equivalent sets, Identical sets, Null set, Universal set]

Which of the following is a surd?

[Va9, +36, -V18, +2.25]



10.

11.

12.

13.

14.

15.

16.

Which of the following is equivalent to the equation x = 2?
[x+5=6, 3x =5, x-2=0, x/2="1]

Which of the following is a true equation?
[4+n = n+4, x-2=2-x, Sx+2=11, 5(p+2) = 5p+2]

If A = {p,q,1,5}, which of the following is a subset of A?
llasth {pra) {pas) fars)]

What is the measure of an angle inscribed in a semi circle?
[90°, 60°, 45°, 30°]

What is the cardinality of a null set?
[0,1,2,3]

What is the sum of the measures of the opposite angles of a quadrilateral?
[90°, 180¢,270°, 360°]

What is the number of digits in the square root of 657666025?
[8,6,5,4] |

Which of the following is a null set?

[{o}, {0} -1} { ]

Name the line segment drawn from one vertex of the quadrilateral to its
opposite vertex.

[diagonal, height, altitude, base]

When the sum of x and y is multiplied by 7 and then 5 is subtracted from it
the result is 23. Which among the following is its algebraic form?

[7(x+y)+5=23, 7(x+y)+5 =20, 7x+y-5=23, 7(x+y)-5=23]
: ; (16xY2=8)




IL.

17.
18.

19.

20.

1L

21.

24,
25,
26.
27.
28.
29.
30,
31.
3.

For the questions 17 to 20, choose the answer that matches with item in
column A from column B.

IfU={1,23,4,5,6,7,89}, P={1,2,3,4,5} and Q=(2,3,8}, then

Column A ~ ColumnB

QP {6,7,8,9}

PUQ {8}

(PAQ)! {1,2,3,4,5,8)
{2, 3}

P! {1,4,5,6,7,8,9}
{6,7,9}

(4xv2=2)
For questions 21 to 32, fill in the blanks with appropriate answers.

The sum of the measures of all the interior angles of a polygon with 'n'
sidesis

The area of the circle of radius 'rf'cmis ___

The number of elements of a setis called its

The expanded form of 5a(3a+4)is ___

The sum of the measures of the three angles of a triangle is
If x2+y2 =13 and xy=6, then the value of (x+y)?is
____is the subset of any set.

If A and B are two disjoint sets, AnB =

The solution set of the equationx/2=6is

The measure of an angle of the equilateral triangle is
The product of 4 and (5x-2b)is

If KxV7 =63, thenthe valueofKis

(12 x Ya=6)




33.

35.

36.

37.

38.

39.

40.

41.

For the questions 33 onwards, write the necessary steps
If 6 is added to 5 times of a number, the result is 46. What is the number?
12

In AABC, P, Q and R are the midpoints of the sides AB, BC and AC
respectively. PQ=3 cm, QR=4.5 cm and PR=5 cm. Find the perimeter of
AABC.

114
The sum of three consecutive even numbers is 90. What are the numbers?
112

In APQR, PR = QR and £PRS is an exterior angle. If ZPRS = 100°, what are
the measures of the angles £P and £Q?

1Y

4356 students are sitting in an auditorium. The number of students sitting
in one row are equal to the number of rows. Find the number of rows?

. 12
Which polynomial when multiplied by 5y gives 10y*+15y3+30y?2?
1v;

If the area of a playground having the shape of a square is 256.6404m?2,
what is the length of one side of the playground?

1%2
Divide the polynomial 5a-10b+15¢ by -5.

12
Calculate 93 x 68 by using identities.

212

In a hostel, there was a food collection meant for 60 children for 30 days.
When some more children were admitted to the hostel after 10 days, the
food collection was finished after 15 days. Find out the number of newly
admitted children?

215




43.

45.

46.

47.

48.

Factorize 6x3-8x2+12x
21/

A work can be completed by 3 men or 6 women in 20 days. If so, how
many days will be required for 12 men and 8 women together to complete
the same work?

2Ya
Factorize 16x2+24xy+9y?
3
Simplify (5x-3y)? + (3x+2y)?
3

AB=7cm, BC=5cm, ZA=75°, /B=95° and ZC=100°. Construct the
quadrilateral ABCD

3

PQ=6cm, QR=5.5 cm, PS=45cm, /P=65° and /Q=80°. Construct the
quadrilateral PQRS




APPENDIX HI

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF ACHIEVEMENT IN MATHEMATICS
SCORING KEY AND MARKING SCHEME

For objective type questions

I. 1. @epodey” ©0a3a@.

2.1

LI

. VS (s -a)(s-b) (s-¢)
4.30. |
5. MVADCWWEMeo.
6. V18
7.x-2=0
8 4+n=n+4
9.{p.9,s}
10. 90°
11.0
12.180°
13.5
14. { }
15. afle.dene.
16.7(x +y)-5=23.
. 17.Q-P={8}

18.PUQ={1,2,3,4,5,8}




[UIR

V.

19

20

21

22

23

24.

25.

26.

27.

28.

29.

30.

31

32.

(PNQ) ={1,4,5,6,7,8,9}
P'=16,7,8,9)
.(2n -4) aso

A cm?

. ®odauslmoefldl
15a +20a

180°

25

3MINEMo

033 WMo

112}

600

-20x+8b

3

For descriptive type items

Value points Marks

33.

aoodll§ = X
UeRWIes S asesd” = 5X Va O
~5x+6=46 2

> 12

5x =46-6 =40 2

x= 40 =8 A




(%)

AB=9cm

BC=10cm

AC=6cm

A ABCwges agsar =25 cm

35, @3s@sj@ow 23T SESTVAI:GE

=X,Xx+2,x+4

X+x+2+x+4=90

3x+6=90

3x=90-6=84

x=28

@358 9JWOw WESMaIE - 28, 30, 32.
36. P

mO

/. R=80°

LP=/Q=50°

Ya

Va

/2
Va

Yz,

2 )

o

> 12

oz

P2 y




37.

40.

41.

42.

——ne.

adlegges «pape = V4356

= 66

saogfiemodlomd = 10y* + 15y° + 30y%+ Sy

= 2y’ + 3y’ + 6y

awodiend alge = V256.6404

= 16.02m

Sansflemodlooed = Sa-10b+ 15¢+-5

= -a+2b-3c

93=90+3,68="70-2
93 x68 = (90+3)(70-2)
=90 (70) +90 (-2) + 3 (70) +3 (-2)
=6300-180+210-6
=6324
&351e80s apgpe (x) 60 7
dlameaneges «pgpo (y) 20 15
10 BlAIOBID” 808aHAZOS ©:351830S opgpe = P
£3516:8365 «HEROTICd i 20ge =P : 60

Alameneges «HEgROWICd aim 29ge =15 : 20

1o

/2

Vo

/2

Vo

Yz
2

Vo

o

11/

15

1745

14

— = e

> 2>




P:60=20:15

P=60 x 20
15

=80

CROS &ISIeS30S apape = 80
eMmeeO® ReMEoflegamaid = 60

<RBEIOV] @aIdaD &351&830S a@gpo= 80 - 60 = 20

43. 6x°=2X3XxXxXx
8x? =2X2X2XxXx
12x =2X2X3Xx
9.qUo.ae; = 2X
3_942 4 _ 6x7 3x° 12x
6%’ - 8x* +12x =2x o 2x+2x

=2x(3x? - 4x+6)

6x> 8x? sz)

44. 3 a13@32mo8 = 6 av(led
1 alzegaad = 2 auiole.dd
12 0i3@2:21m08 = 12 x 2 = 24 avicecd
12 al3@3.2imo@ +8 mulerd =32 (sl
@RE36O8 Qian 29ge- 6 : 32
slairoodsiodaian 25go - 20 : x
232:6=20:x

S x=20x6=3.75
32

egRo8fl Bldepomd ERIRIO® FlaITvEBEIRs apepo = 3 3/4 dlaave )

/5

Va
Ya
Ya
Y2

Yz

/5

P2,

V2

V2
P2

> 2>

> 2%

> 25




45.

46.

47.

48.

16x% + 24xy + 9y? = (4x)?> + 2(4x) (3y) + (3y)? 1 )
= (4x + 3y)? ]
= (4x + 3y) (4x + 3y) /2 &
ceaise@nad = (4x + 3y), (4x + 3y) VZy
(5x - 3y)? = 25x* - 30xy + 9y? 1 )
(3x +2y)* = 9x% +H2xy + 4y’ 1
(5% - 3y)? + (3x + 2y)* = 25x2 - 30xy + 9y + ?3
= Ox% +iZxy + 4y? /2
= 34x? - 18xy + 13y’ Y2
Tem aflsonsicd AB aiew’enges. a )

B ofla8 95%e.0m8 aiesf @GS cm Greeeiow]
C ©rswoseiSom3o. . 4>l3

C olod 100°ae130A @flod 75%0fe130 8@06m3@:08 Qio@'enge. |

@RAIWIOS aomamimg ewosdlallsl Da@a’ €al@” 6&os3anze /4

QIO @Y Yo J
6cm dlsoslad PQ ciea’enge. VZ3
Poflad 65%o0emaiesf 4.5cm creciomicd

S @RsWI86NSIOmIH:. 1

Q aflcd 80%eomBaiesf’S.5cm  cpoaiomwiad }3
R @rswogeqisgomae 1

RS aiew'enge Va
Qoo 1/2J




APPENDIX

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION
TEST OF ACHIEVEMENT IN MATHEMATICS

Dr. V.Sumangala Mumthas.N.S.

Reader in Education Research Scholar

alBeraa6ERG3: TUa®o : 1 2633 @
29@Es : 25

8-00 MEOTIOL! DETVIMWRITV(@ ald0algTVMSOOM GRHTValRA0&5lwess ofle
@ 2IDR(EBRSIET MIOY OGISIOWAENIANA. BICAD B2UDFHUo (BrVIaIgBQo WO 1gf

OOMBo afHYIMIS:.

I 123008 8 aecwies gaoaimrdes” (o H&:s30mgzeeIQNGd allange

REAWOW DOM@o HDMROEVMSIHTMYIMNIE:.
L 603 ereigaUAISOTINR! alEEREIOS affo af(@?
[0,1,2,3]

2. e adidounemandlon @oemmReIns apgho MIRYAIWIM GBAIWE) alO

@IAN BalBEOM?
[TV mEMo, @RMMYWNEMo, BZMYWEMo, VATV WMo ]
3. @MO0Y O&ISIOTIGIENIMAUIICE eI a@@?
[V49, V36, V18, V2.25]
4. X =2 a0 IU2QUISOTIM UAOMAW TVAAUIEIBAD ?
[x+5=6, 3x=5, x-2=0,%,="/)

5. 803 GRARLAKOMOTSIC! @RIMASAIAIM. AUV TIGIENITN e&Mlnad Goesal

PN @& 30?

[90°, 60°, 45° 30%)

r~;5
/

Y



"o

6.

i1

1L

12.

ML

13.

14.

15.

16.

V.

17.

8303 2AmBRIROBINM afTTIBUEIBUEHIANIHBINS TOBAUZHBINS M af)(T0?
[90°, 180°, 270", 360"]

657666025 apan ToaWINS WBRAZAICTIOR! GREEBBBIOS afElPo af)(?
(8, 6. 5, 4}

@269 OHIBIEHZTNAUIRIITE (3gMIMEMo a@M ?
(103, {g3, {-1}, {}] 8x'/,=4]

9 2O 12 AUHEWISS BaloR(ERGICE, A BEI8OINL] BOGED WMOWIMIo BWOS!

&I BEIWIXW 2OMEo B 8&08OIad Mo HXMEEOETMSIOTMYIMIL:.

U=1{12,3,4,56,7,89},P=1{1,2,3,4,5},Q={2, 3, 8} epwocd

85080 A 850808

Q-P {6,7,8,9}

PUQ 8]

PnQ {1,2,3,4,5,8}

p! {6,7,9}
{1,4,5.6,7,8,9}
{6,7,9}

4 x I/2 =2]
13 23T 16 QOE BoIoRE@RSICY afiSldlengan oMo «13@lallengo.

N’ QAURERSISE 603 MIa0IBINOWN GBINESHMISHSIONS @RSARBIONS

M~ @RHSJN.

‘r'cm ©REASE 8e3 AEOWIH allaiwldgpe ——— @RWIEIEeNo

5a(3a + 4) ©ad aflaigelle:Eemegalo ————— G@RET

X2+ y* =13 90 Xy = 6 Do@pemMa&I@d (x +y) o allss ——— cpoidlengo.
[4x'/,=2]

17 230LIRS8 BalOREBRU3ES GRHAINRIAIW WS aHYIMEMo.

R3] TVoALWINS 5 ASEEIBMIS 6 &3SIWIVY 46 &l530. AVOES aB®? (1‘/2)

s



18.

19.

20.

2L

22.

23.

24.

A ABC oI®dAB, BC, AC snaiwges awssnilmgencd @ino@ae PQ,R mpen.
PQ=3cm, QR =4.5¢cm, PR = 5cm. A ABC @36s a13gsal’ &:6menoengs. (1‘/2)

8303 SoUWISQIGIWOTIEE 4356 @358 EIENZNZ. B3 UGBTI (@ 335103
NAIENMICAUD @R@WIe QAUBIRHBIAIE. D@ AUSKHSIOEBAT @,smmoﬁs)ge,.(l‘lz)

803 Galoglemodlellam S5y e@oens’ mgsilgieaindd 10y* + 15y° +30y? elsgmmgeuesiad
CatngFlemAQVOE o a l/2)

WPISH(HIW 2IYISs.
6x> - 8x% + 12x (21/2)

603 6zRoefl 20 AlaIMve OGIEMTE 6210 @IBEHIM 3 13EFHMOBHED GO

6 QUG8 @RQUCYKAIET. @REBBOMOWEITE @RS GsRIRIMEM 12 aidEHMIBZ0

8 MU (@&:830 8@3dla] 62m GBI (@ BlaliTe 8QINEINIGI0? (21/2)
RIeRIZS @B ENI
(5x - 3y)* + (3x + 2y)* 3

AB=7cm,BC=5cm, ZA=75 £B=95%/ C=100° am3degsnoe ABCD
B30 3)



APPENDIX 'V

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF ACHIEVEMENT IN MATHEMATICS

Dr. V. Sumangala Mumthas, N.S.

Reader in Education Research Scholar

Instructions Time: 1 hours
‘Mark: 25

The following are some questions based on the VII'* standard Mathematics

text book. Read the questions carefully before answering.

L

For questions 1 to 8, choose the correct answer from among the choices
given in brackets.

How many variables are there in a simple equation?
[0,1,2 3]

If the number of elements in two finite sets are equal what are they called?
[Equivalent sets, Identical sets, Null set, Universal set]

Which of the following is a surd?

[V49, 36, <18, ~225]

Which of the following is equivalent to the equation x = 2?
[x*5=6, 3x=5, x-2=0, x/2=1]
What is the measure of an angle inscribed in a semi circle?
[90°, 60°, 45°, 304]
What is the sum of the measures of the opposite angles of a quadrilateral?

[90¢, 180°,270°, 360°]



IL

10.
11.

12.

IIL

13.

14.

17.

What is the number of digits in the square root of 657666025?
[8, 6,5, 4]
Which of the following is a null set?
l{o}, {6} £-13, { 1]
(8x1/=4)

For the questions 9 to 12, choose the answer that matches with item in
column A from column B.

IfU ={1,2,34,5,6,789), P={1,234,5)and Q={2,3,8), then

Column A Column B

Q-P {6,7,8,9}

PUQ {8}

(P! {1,2,3,4,5,8}
{2,3}

P {1,4,5,6,7,8,9}
{6,7,9}

(4xv2=2)
For questions 13 to 16, fill in the blanks with appropriate answers.

The sum of the measures of all the interior angles of a polygon with 'n’
sides is

The area of the circle of radius '’ cm is
The expanded form of 5a(3a+4) is

If x2+y2 =13 and xy=6, then the value of (x+y)? is
(4 x ¥2=2)

For the questions 17 onwards, write the necessary steps
If 6 is added to 5 times of a number, the result is 46. What is the number?

1%




18.

19.

20.

21.

23.

24.

In AABC, P, Q and R are the midpoints of the sides AB, BC and AC
respectively. PQ=3 cm, QR=4.5 cm and PR=5 cm. Find the perimeter of
AABC.

1Y

4356 students are sitting in an auditorium. The number of students sitting
in one row are equal to the number of rows. Find the number of rows?

12
Which polynomial when multiplied by 5y gives 10y4+15y3+30y2?

1Y2
Factorize 6x3-8x2+12x

2Y2

A work can be completed by 3 men or 6 women in 20 days. If so, how
many days will be required for 12 men and 8 women together to complete
the same work?

2V
Simplify (5x-3y)? + (3x-+2y)?
3

AB=7cm, BC=5cm, ZA=75°, /B=95° and ~C=100°. Construct the
quadrilateral ABCD



APPENDIX ivI & IX

UNIVERSITY OF CALICUT
}DEPARTMENT OF EDUCATION 1993

TEST OF MATBEMATICS APTITUDE

o

Dr. V. Sumangala Mrs. Malini P.M.
Reader in Education , Research Scholar
University of Calicut Dept. of Education

General Instructions

This test is to examine your aptitude in Mathematics. It is
different from your class tests. This includes five different tests,
with separate instructions to each test. Each test should be

completed within the given time. Find out the correct answer of each
item and mark the corresponding alphabet of that answer, in the
separate answer sheet given with the test. Do the questions
correctly and quickly.

If you £ind that you have incorrectly marked the response, yocu
can cancel the earlier one marked and can mark ajain the right answer

by an ‘X’ mark inside the circle meant for that.

** Please turn the page only after getting instructicn to do so **




APPENDIX VI

TEST 2 - NUMERICAL (MATHEMATICAL) REASONING

Time: 10 mts
** Start answering only when told to do so **

In a class there are 'r’ rows of desks with d desks in each row
and each student occupies one desk. On a day when all the
students are present, 3 desks were found vacant. Then the
number of siudents in the class are

A. rd-3 B. r+d-3 C. rd D. {(r/d4)-3

Look at the following picture.

S

o 1 2 3 4 5 6
The best explanation tc denote S 1s
A. 2 x 3 B, 2 + 3 C. 3 x 2 . 3+ 3
When the radius of a circle is reduced by half, i1ts area 1s

A. reduced to half B. doubled
C. reduced to one fourth D. not changed

In a class, when 5 tests of 25 marks each were given, John
obtained an average of 15 marks for the first four tests. If he
were to obtain an overall average of 16 marks how many marks
should John obtain in the fifth test?
A. 15 B. 16 C. 17 D. 20

All the houses in a lane are marked with even numbers commencing

from 56 and ending with 140. How many houses are there in the
lane? .

N v
A. 70 B. 43 C. 42 D. 84

If Suresh is sitting in the fifteenth position in a row of bovs
of a class, when viewed either from the left side or right side,
then the number of boys in the class is

A. 30 B. 31 C. 29 D. 28




Ry

10.

A father told his son "when you were born, I was your present
age". If father’s present age is 36, what was the age of the
son 5 years ago?

A. 18  B. 13 c. 15 D. 23

Marks obtained by 5 students A, B, C, D, E in 5 examinations are
given below:

I IT  III IV V

69 71 75 75 79
84 79 69 79 80
64 67 74 74 79
-53 54 61 60 62
56 58 62 63 68

o nNw>»

The mark obtained by which student showed regular progress?
A. C B. D C. E D. A

A train running at 30 m/sec speed crosses a 600 m platform in 30
seconds. What is the length of the train?

A. 120 m B. 150 m C. 900 m D. 300 m

Wwhat is the total length of all edges of a cube having a volume
of 1 cubic cm.

A. 1/16 cm B. 16 ¢cm C. /12 ecm “D. 12 cm
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APPENDIX VII

TEST 3. ABILITY TO USE SYMBOLS .

Instructions

The conventional symbols of fundamental operations are replaced

by some new symbols. Understand the new symbols and do the
operations ..sked.

Time: 5 mts

** Start answering only when told to do **

Answer the following if, '0° indicates the operation addition;
"+ multiplication and “*  division.

N B C D
1. (608) + 7 + 2 100 42 28 196
2. {6 » 3) 08 10 25 16 63
3. 12 + (14 * 7)Y 0 2 + 4 : 40 20 22 64
4. (13 + 5) * 50 25 115 350 95 38
5. (18 * 6) + (24 * 2) + 12 27 43 168 3




APPENDIX VIl

TEST 4 - SPATIAL ABILITY

Instructions:

Thls section contains 8 questions. Answer them within the time
given.

Time: 6 mts

** Start answering only when told to do **

1. What 1s the tota# number of triangles in the given picture?

A. 10 B. 8 c. 12 D. 9

A wooden solid cube is divided intc 27 small .equal cubes and
dots are placed on the faces of each cube as shown in the

figure.
- - 4 -
- . 'y .. /
o / .
* * - . i
///f . ////
¥ /
. . ,
. . - &////
N
/
2. wWhat is the number of cubes or which there is ocne dot.

A. 4 . B. 6 C. 8 D. 10




What 1s the number of cubes on which there are two d&ts?

A, 4 B. 8 C. 12 D. 16

What is the number of cubes an which there are three dots?

B. 6 Cc. 8 D. 10

P

AL

in the cube ABCDEFGH, how maay paths are there to reach H from
A, passing through the 8 vertices (Each path should be through
each vertex cnly once)?

A g8
)
D - C.
F G
-E H
A 8 B. 6 C. 4 D, 2

A B ¢ D> ©

In the above figure, what is the shortest distance from P to Q?

v




7. A square paper is folded consecutively as shown in the picture,
and is cut in the position marked ‘cut” in the fourth picture.
When it is unfolded, what will be the shape of the paper?

a) (25

~

().

: ) €Y
‘ ) 4 cut

' 3 'O o
. O
o 0O .
B ; C D

A

8. A cube is to be painted. Two adjacent faces should not be of
the same colour. The number of minimum colours required to

paint the cube is

A. 6 B. 3 c. 4 D. >




H
-

(B

II.

Va

Pictures A and B has a particular relationship.

TEST 5 -

ABSTRACT REASONING

Time:

** Start answering only when told to do **

8 mts

Select D from

the answer figures such as C and D has the same ‘relationship as

5 to B.
O E

A
10

&
@
=

4 | |= ][0

»

3

APPENDIX IX

2 3 { 4 I
QACSI?\

EREGE
1 2 4 5
mlediag

I'he following pictures are in a particular crder.
answer figure which follcows the same order.

e DR SR U P
Cloigioo,
EEER
S w»g,w¢

Select the

. i
) aehieayien
A 2 % A
L — | 22T
1 2 3 A
Tz 3 &
— . T
(43| @y | {a] o
T 2 B T4
Ezzgmamﬂ
m | B |2
4 22 3




IIT. In the fcllowing five figure series, four belongs

to one
cadtegory and cne stands out. Find the different one.
T [ . ]
4 U = < | = 4]8 A M TJNL
V | L
] 2 he 2\- 5--L i < 3 1—5__
— ;' T
{ I ! 3
2 lA ORI 0] 5 &.HQ,{}
T 2 S & B I 2 3 A &
e
s [olnlzn]a - olz|alo]E
1 2 3 A 5 - ' 2 3 4 05
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APPENDIX IX (a)

TEST OF MATHEMATICS APTITUDE
@RS /OaleNden3s].
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APPENDIX X

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION
TEST OF INDUCTIVE REASONING

DRAFT

Dr. V.Sumangala ( ) Mumthas.N.S.
Reader in Education Research Scholar
aSlde3 e R u3: qua@eo : 30 dlaiig’
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APPENDIX XTIt

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF INDUCTIVE REASONING

(DRAFT)
Dr. V. Sumangala Mumthas, N.S.
Reader in Education Research Scholar
Instructions : Time: 30 minutes

This is a test of Mathematics with 40 questions. All the questions are
objective type and each question carries four possible answers A, B, C and D.
After reading each question choose the correct answer and mark the correct
answer in the given response sheet by putting an ‘X’ symbol in the circle below
the letter A,B,C or D which represents your answer.

~If you feel that the answer marked is wrong, envelope that circle by a
rectangle ((3) and again put the ‘X’ mark in the circle representing your answer.

Example:
i) 2xX1=2
3x1=3
4x1 =4

Then, what is the valueofax1?

A. 2a C. a
B. 3a D. a°

(Here, the correct answer is ‘a’. Hence, the circle below the letter C, which
represents the correct answer is marked using the symbol ‘X’ in the response
sheet).

Response sheet
A B C D
)y o o W o




‘ V“)

The logarithmic form of 2* = x is logp x =4
The logarithmic form of 6% = y is logg y =3
The logarithmic form of 432 = pislog, p = -3\2
Then, what is the logarithmic form of N® = x

A. log,x =N C. log,N=a
B. logyx=a D. log, a=N
7!
7C; means  —--me--mmmmeenee-
31(7-3)!
2!
2C, means  --m-eerm-mcoaconnn
21 (2-2)!
4!
4C, means  -—----ms-mmemes
31 (4-3)!

r! n!
A ——— C. e
n!(n-r)! rl{n-r)!
n! r!
B, e D, e
rin! n! (r-n)!

For any two sets A and B, if n(A) = 2 and n(B) = 2, then n (AxB) = 4
For any two sets M and N, if n(M) = 3 and n(N}=3, then n{MxN) = 9
For any two sets P and Q, if n(P) = 4 and n(Q) = 2, then n (PxQ)= 8
. For any two sets X and Y, if n{X) = C and n(Y)=d, then what is n(XxY) ?

A. c+d C. c-d
B. cd D.  .cd

The square roof of 1, ie, (V1) = 1

The square root of 100, ie., (¥100) = 10
The square root of 1000, ie., (¥1000) = 100
Then, what is the square root of 1000000 ?



%)

A. 100 C. 10000

B. 1000 D. 100000
5852 = 5°
YAy S
3'+3'=3°

Then, what will be a™ + a" ?

A a™ C. m-n
B. a™n D m/n

[f2° = 8then 8= 2

If 4* = 256 thenV256 = 4

If 9% = 81 then ¥81 = 9

Then, what is the value of “N2401 if 7% = 24017

A 4 C. 2401
B. 7 D. 4’

x+2 = 5is a simple equation
2y+ =0 is a simple equation
4z+1 = 2z is a simple equation

Then, what about the number of variables in a simple equation?

A. 1 C. 3
B. 2 D. 4
Cosn = -1
Cos2n= 1
Cos 3n= -1

. If ‘'n’ is an even number, then what will be Cos nn ?

A. -1 C. 1
B. 0 D. @

Let ‘a’ be the first term and ‘d’ the common difference of an Arithmetic

Progression. Then its

Second term = a-+d

-
P
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1%,

13.

Third term = a+2d
Fourth term = a+3d

Then, what will be the 10" term ?

A. a-10d C. a+10d
B. a-9d D. a+9d

o O These are similar figures
4 9  These are similar figures
o 3 These are similar figures

Then, what are similar figures ?

A. Figures of same'shape i Figures of same shape and size
B. Figures of same size D. Figures which are not alike

A prism with 3 base edges has 5 faces
A prism with 4 base edges has 6 faces
A prism with 5 base edges has 7 faces

Then, how many faces does a prism with ‘n’ base edges have ?

A. n-2 C. n+1
B. n-1 D. n+2

The general form of a polynomial of first degree is a;,+a,; a;#0
The general form of a polynomial of second degree is a,x"+a;x+a, ; as#0

The general form of a polynomial of third degree is a;x” +a,x" +a;x+a,; a;»o

Then, which of the following is the general form of a polynomial of degree ‘p'?

! : 2
A. apxp+ap.1xpl ...... + 85,8,70 G ax’ 1+a1}1x’* + .. +a, a,70

B. apxp+ap‘1x‘}1 ...... + 853,70 D. ap_lxp+ap2xp'x.....+ ;8,1 #O

The number of subsets of a null set = 2°
The number of subsets of a set with one elment = 2
The number of subsets of a set with two elements = 2

Then, what will be the number of subsets of a set with 12 elements?

A. A C. e
B. o O 2

P



14.

N : (4)

Infig. (1), ZACD=/A+«B = 120°
In fig. (2), ZPRS=/P+2Q = 135°
In fig. (3), LEFG=«D+ ZE = 120°

Then, in fig. (4), what is the measure of ZONL ?

A. X-Y | C. 2x
B. X+y D. 2y

15.  The interest for Rs.200 for 2 years at 4% rate = Rs.16
The interest for Rs.200 for 2 years at 5% rate = Rs.20
The interest for Rs.200 for 2 years at 6% rate = Rs.24
Then, what is the interest on Rs.200 for 2 years at 10% rate?

A. Rs.100 C. Rs. 32
B. Rs.40 . D. Rs.28

16. axaisrepresented as a’
axaxa is represented as a’
axaxaxa is represented as a’

Then how can axaxax .... n times be represented ?

A. at! C. na
B. a” D.  a™!



17.

18.

19.

20.

‘Fig. (1) Fig. (2)

1lis 1

21is 1x2

3lis 1x2x3

Then, what is 8! ?

A. 1x2x3x4x5x6x7x8! C. 1x2x3x4x5x6x7x8
B. 1x2x3x4x5x6x7x8 D. 1x2x3x4x5x6x7

Infig. (1) , ZA+ 2B+ £C = 180°
In fig. (2) , £D+ £E+ £F = 180°
In fig. (3) . ZP+ZQ+ /R = 180°

Then, what is the measure of ZZ infig. (4) ?

A. 130° C. 50°
B. 80° D. 30°

V1x4 can be simplified as 1x2
V9x16 can be simplified as 3x4
v25x36 can be simplified as 5x6

/

Then, which of the following is the simplified form of \x?‘y2 ?

A. XXy C. X2 x y/2
B. Wx Wy D. x

The value of (2\/4)% isd
The value of (3¥5)7is 5

The value of (4V6)" is 6

Then, what is the value of (avb)® ?
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21.

22.

23.

24.

A. avb C. a
B. Vab D. b

IfA = {1,2} and B = {3,4} then AUB = {1,2,3,4}
fP = {Im}and Q = {n} then PUQ = {1,m,n}
Ifx = {+,-x} andY = {+,%} then XUY = {+, -, x,+}

- C = {00} and D = {A,0}, then what is Cu D?

A {0} | C. {00, 4}
B. {0A) D. {00, 4 0O}
/10 = 0.1
1/100 = 0.01

1/1000 = 0.001
Then, what is the value of 1/100000 ?

A. 0.000001 C. 0.0001
B. 0.00001 D. 0.001

1/2+1/73 = 1/2x3/1
-1/7+2/111 = -1/7x11/2
3/10 = -4/15 = 3/10 x -15/4

Then, whatis -a/b + -¢/d ?
A. -a/b x -d/c C. -a/b x ¢/d
B. -a/b x -¢/d D -a/b x d/c

The radius of a circle of diameter 4 cm is 2 ¢cm.
The radius of a circle of diameter 6 cm is 3 cm.
The radius of a circle of diameter 9 cm is 4.5 cm.

Then, what is the radius of a circle whose diameter is P/2 cm?
A. P-2 cm B. Pcm
B. P/4 cm D. P/2 cm

{12} and {3,4} are equivalent sets.
{a,b} and {-7.0} are equivalent sets.
{-1} and {0} are equivalent sets.

Then, which of the following are equivalent sets?

{a,e.i}, {0. u} C. {1,0}. {1}
B {1 {0} D {+. 1} {+ x}




26.  The mode of the observations 8, 12, 24, 12, 3, 12 and 3 is 12.
The mode of the observations 29, 27, 32, 27, 32, 27 and 26 is 27.
The mode of the observations 49, 50, 49, 49, 51, 53 and 54 is 49.

Then, what is the mode of the observations 25, 24, 40, 37, 40, 40 and 24?

A. 40 C. 25
B. 37 D. 24

27.  Volume of a cube of edge 2 cm is 8 cm’.
Volume of a cube of edge 4 cm is 64 cm”.
Volume of a cube of edge 5 cm is 125 cm”.

Then, what will be the volume of a cube of edge p cm?

A. 3§> cm® C. (Vp cm)3
3 2 3
B. p cm D. p-cm

28.

Zem . A Aylpoéenujo.
Sem/ lacm Xc opp °f';‘.¢ e |
v 7 10cm 8cm c .

c(dJ'a.c,en ¢ sciele

Fig. (1) Fig. (2) Fig. (3) Fig. (4)

In fig. (1), Cosy = 3/5
[n fig. (2), Cos p = 6/10
In fig. (3), Cosc = y/z

Then, what is cos F in fig. (4)?

A. Opposite side/Adjacent side C. Hypotenkiée/Adjacent side

B. Adjacent side/Hypoten‘jée D. Adjacent side/Opposite side
29.  log 3? = 3log3

log 7: = 6log7

log5" = 3log5

Then, what is Jog a"

A. rlog a C. a'log a
B. rlog a’ D. rlogr

i)
i




30.

31

32.

In the quadratic equation 2x% + 5x - 12 = 0, the sum of the terms of the truth
set is -5/2 ‘

In the quadratic equation x? - 10x + 16 = 0, the sum of the terms of the truth
setis 10/1

In the quadratic equation % + 6y + 8 = 0, the sum of the terms of the truth
set is -6/-1.

Then, what will be the sum of terms of the truth set of the quadratic equation
px2 +qgx +r=07?

A. -plq C. a/p
B. p/q D. -a/p

Fig. (1) ~ Fig. (2) Fig. (3) Fig. (4)

In Fig. (1), if ZR = 60° then £POQ = 120°
In Fig. (2), if £Z = 45° then ZXMY = 90°
In Fig. (3), if ZC = 50° then £ADB = 100°

[

X

Then, in Fig. (4) if ZN = --—\)then what is the measure of ZL.OM?
2
A. x° C. ¥
N e
B. 2x° D(>
2

The set of counting members between 13 and 15 is an example for a
singleton set.

The set of months having days less than 30 is an example for a single set.

The set of numbers other than positive and negative numbers is an example
for a singleton set.

Then, what is the number of elements in a singleton set?
A -1 C.
B 0O D.

B -




D c S

Notice the relation between the angles of the quadrilaterals (1), (2) & (3).
Using this,write the measure of ZM in fig. (4).

Fig. (4)
A. 85° ‘ C. 110°
B. 90° D. 75°

34. The areaof acircle of radius 1 cmis n em?.
The area of a circle of radius 2 cm is 4n cm®.
The area of a circle of radius 3 cm is 9n cm?.

Then, what is the area of a circle of radius ‘x’ cm?

2 2

2
C. 7x* cm D. 7r/x2 cm

A.ncm2 B. mx cm

35.

M
Fig. (1) Fig. (4)
Notice the relation between the angles of the parallelograms (1), (2} and (3).
Using this, what is the measure of ZN in fig. {4)?

Ay C. x+y°

B. x° D. xy°

36.  {2a+b)® = 4a’ + dab + b°.

(1+3m)° = £ +r61m +9m’ (
(2x~:—4y)2 = 4x° + 16xy + 16yZ

1AV

Y

7

w ey




Then, what will be (2p+q)%?

A. 2p° + 2pq + 32 C. ap? + 4pq + qz
B. 4p + 4pq + q D. 4p® + 2pq + q
37. [1 0
is a unit matrix of order 2.
01

is a unit matrix of order 3.

[C>C>|»—J1
o NeNo
\»—*OOI

1000
010 0| isaunit matrix of order 4.
0010
0001
Then, which of the following is an example for a unit matrix of order 5?
A.(IOOOO— 8] 1001 clooo o/10000 |
01000 0100 0010 00100
00100 0010 0100 00010
00010 0001 1000 00001
Looom_J
38.  (p+q)(pq) = p?‘ q
(a+b) (a-b) = a’-b?
(I+m) (-m) = P

Then, what is the value of (2x+vy) (2x-y) ?

A (2x)° <P C. 2x +

B. 2x° -yzy D. 2x% + yzy
39. (V5 = 5
(+¥100)® = 100
(V1024)% = 1024

Then. what is (\/x)2 ?

A ~Nx . C. \'Z\\
B. «% D. x
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SCORING KEY
1. B 21. C
2. C 22. B
3. B 23. A
4. C 24. B
5. A 25. D
6. B 26. A
7. A 27. B
8. C 28. B
9. D 29. A
10. A 30. D
11. D 31. A
12. A 32. C
13. D 33. D
14. B 34. C
15. B 35. B
16. B 36. C
17. C 37. A
18. C 38. A
19. A 39. D
20. D 40. B
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w0&N08 (2p + @) apmmoefidlengo?
A.2p*+2pq + ¢ C.4p* + 4pq + ¢
B. 4p + 4pq + ¢* D. 4p? + 2pq + ¢



35.

36.

37.
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(P+ ) (p-9) =P’ - ¢ GRS

(a+b) (a- b)=a’ - b’ epeamy

(1+m) (1 -m)=1%- m* @peym3

&3, (2X +y) (2x - y) @g6s afleieoas?
A (2x) -y C.2xy+y
B.2x% - y? D.2x2+y?

(V5)? = 5 @p@3amg

(V100)* = 100 @pe:3am3

(\ﬁ—(-)-Z_.’-’:)2 = 1024 @po3ang

20BN (VX)adamoe:3amg.
AVX , CA2X
B. X? D.X
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APPENDIX Xill
UNIVERSITY OF CALICUT

DEPARTMENT OF EDUCATION

TEST OF INDUCTIVE REASONING

Dr. V. Sumangaia Mumthas, N.S.
Reader in Education Research Scholar
Instructions ’ Time: 30 minutes

This is a test of Mathematics with 38 questions. All the questions are
objective type and each question carries four possible answers A, B, C and D.
After reading each question choose the correct answer and mark the correct
answer in the given response sheet by putting an ‘X’ symbol in the circle below
the letter A,B,C or D which represents your answer.

If you feel that the answer marked is wrong, envelope that circle by a
rectangle ((]) and again put the ‘X’ mark in the circle representing your answer.

Example:
iy 2x1=2
3x1=3
4x1 =4

Then, what is the valueofax1?

A 2a C. a
B. 3a D. a°

(Here, the correct answer is ‘a’. Hence, the circle below the letter C, which
represents the correct answer is marked using the symbol ‘X’ in the response
sheet).

Response sheet
A B C D
)y o o ®W O




The logarithmic form of 2¢ = x is log» x = 4
- The logarithmic form of 6> =y isloge y =3
The logarithmic form of 43/2 = p is logs p = -3\2

Then, what is the logarithmic form of N2 = x

A. log.x=N C. logxN=a
B. lognx=a D. logx a=N
7!
7Cs means  -——————m
3t (7-3)!
2!
2C; means
2! (2-2)
4!
4C3 means -—————
3! (4-3)!

Then, what does nCr mean?

r! n!
A C. - -
n!(n-1)! r{(n-r)!
n! 1!
B. D.
r'n! ‘! (x-n)!

For any two sets A and B, if n(A) =2 and n(B) = 2, then n (AxB) =4
For any two sets M and N, if n(M) = 3 and n(N)=3, then n(MxN) = 9
For any two sets P and Q, if n(P) = 4 and n(Q) = 2, then n (PxQ)=8

.. For any two sets X and Y, if n(X) = C and n(Y)=d, then what is n(XxY) ?

A. c+d C. c-d
B. cd D. c/d

The square roof of 1, ie., (V1) =1
The square root of 100, ie., (Y100) = 10
The square root of 10000, ie., (¥10000) = 100



Then, what is the square root of 100000000 ?

A. 100 C. 10000
B. 1000 D. 100000
58+ 52=56
7=
3] = 31 = 30

Then, what will beam +~ar ?

A. am-n C. m-n
B. am/» D. m/n

If23=8then 8=2
If 44 = 256 then 4256 = 4
192 =81 then ¥81=9

Then, what is the value of 42401 if 74 = 2401 ?

A. 4 C. 2401
B. 7 D. 47

x+2 =5 1s a simple equation
2y+1 = 0 is a simple equation

-42+1 = 2z is a simple equation

Then, what about the number of variables in a simple equation?

A. 1 C. 3
B.. 2 D. 4
Cosn = -1
Cos2a= 1
Cos 3n=-1

- If'n’ is an even number, then what will be Cos nx ?

A. -1 C. 1
B 0 D. ©




10.

11.

13.

Let ‘a’ be the first term and ‘d’ the common difference of an Arithmetic
Progression. Then its

Second term = a+d
Third term = a+2d

Fourth term = a+3d

Then, what will be the 10th term ?

A, a-lod C. a+10d
B. a-9d D a+9d
O O These are similar figures
+ # These are similar figures
=3 o, These are similar figures
Then, what are similar figures ?
A. Figures of same shape C.  Figures of same shape and size

B. Figures of same size D.  Figures which are not alike

A prism with 3 base edges has 5 faces
A prism with 4 base edges has 6 faces
A prism with 5 base edges has 7 faces

Then, how many faces does a prism with ‘n’ base edges have ?

A. n-2 C. n+1
B. n-1 D. n+2

The general form of a polynomial of first degree is aix+ao; a120
The general form of a polynomial of second degree is axx?+aix+ao ; a2#0
The general form of a polynomial of third degree is a;x3+ax2+aix+ao; a3#0

Then, which of the following is the general form of a polynomial of degree
lpl?
A. apxPt+apixPl +, ... + agap*0 C. apxPl+apixP2+ .. +ao; ap20

B. . apxptapixpl 4.+ agacto D. apixptapoxpl +.. .+ agap1#0

The number of subsets of a null set = 20
The number of subsets of a set with one element = 21
The number of subsets of a set with two elements = 22



vt

14.

15.

Then, what will be the number of subsets of a set with 12 elements?

A. 20 C. 22
B 21 D. 212

F

Fig. (3) “\G

In fig. (1), ZACD=/A+/B = 120°
In fig. (2), ZPRS=/P+/Q = 135°
In fig. (3), ZEFG=/D+.E = 120°

Then, in fig. (4), what is the measure of ZLNO ?

A. X-y C. 2x
B. x+y D. 2y

The interest for Rs.200 for 2 years at 4% rate = Rs.16
The interest for Rs.200 for 2 years at 5% rate = Rs.20
The interest for Rs.200 for 2 years at 6% rate = Rs.24
Then, what is the interest on Rs.200 for 2 years at 10% rate?

A. Rs.100 C. Rs. 32
B. Rs.40 D. Rs.28

e



16.  axais represented as a?
axaxa is represented as a3
axaxaxa is represented as a*
Then how can axaxax .... 'n' times be represented ?
A an*1 C. na
B.. an D. am!
17. is1
2!is 1x2
3118 1x2x3
Then, what is 8! ?
A. Ix2x3x4x5x6x7x8! C. Ix2x3x4x5x6x7x8
B. Ix2x3x4x5x6x7!x8 D. Ix2x3x4x5x6x7
18.
P
4 45
4
&8 90 95
8 ] R
Fig. (1) Fig. (2) Fig. (3) Fig.(4)
In fig. (1), ZA+2£B+£C =180
In fig. (2) , LD+ ZE+£F =180°
In fig. (3) , £P+£Q+ 4R = 180°
Then, what is the measure of £Z in fig. (4) ?
A. 1300 C. 500
B. 809 D. 300
19.  Vix4 canbe simplified as 1x2

V9x16 can be simplified as 3x4
Vv25x36 can be simplified as 5x6



21.

24.

Then, which of the following is the simplified form of \'x?r_y_2 ?

A xxy C. x/2 x y/2
B. Vx x Vy D, x2xy?

The value of (¥4)2is 4

The value of (¥5)*is 5

The value of (V6)* is 6

Then, what is the value of (Vb)e ?

A avb C. a
B.  +ab D. b

If A ={1,2} and B = {3,4} then AUB = {1,2,3,4}
If P={{m}and Q = {n} then PLQ = {1,m,n}
Ifx={+-x} and Y = {+,+} then XUY = {+, - x,+}

s C={0}and D= {A,0}, then what is C U D?

A {0} C. {3,0,4)
B.  {.A} D. {040}
1/10 = 0.1

1/100 = 0.01

1/1000 = 0.001

Then, what is the value of 1/100000 ?
A. 0.000001 C. 0.0001
B. 0.00001 D. 0.001

1/2+1/3 = 1/2x3/1
1/7+2/11=-1/7x11/2
3/10 +-4/15 = 3/10 x -15/4

Then, whatis-a/b+-/d?
A. -a/bx-d/c C. -a/bxc/d
B. -a/bx</d D. -a/bxd/c

{1,2} and {3,4} are equivalent sets.
{a,b} and {-7,0} are equivalent sets.
{-1} and {0} are equivalent sets.




25.

26.

27.

28.

Then, which of the following are equivalent sets?

A. {ae,i}, {0, u} C. {1,0}, {1}
B. {} {0 D. {1}, {+x]

The mode of the observations 8, 12, 24, 12, 3, 12 and 3 is 12.
The mode of the observations 29, 27, 32, 27, 32, 27 and 26 is 27.
The mode of the observations 49, 50, 49, 49, 51, 53 and 54 is 49.

Then, what is the mode of the observations 25, 24, 40, 37, 40, 40 and 24?
A. 40 C. 25
B. 37 D. 24

Volume of a cube of edge 2 cm is 8 cm3.
Volume of a cube of edge 4 cm is 64 cm?.
Volume of a cube of edge 5 cm is 125 cm?.

Then, what will be the volume of a cube of edge p cm?

Al 3p cm? C. (Vp cm)?
B. p’ cm? D. pZem?
dem Zcm /’o‘(e
- Oppaﬂﬁe
ch adja,cené Side
Fig. (1) Fig. (2) Fig. (3) Fig. (4)

In fig. (1), Cosy =3/5
In fig. (2), Cos p = 6/10
In fig. (3), Cosc=y/z

Then, what is cos F in fig. (4)?

A Opposite side/ Adjacent side C. Hypotenuse/ Adjacent side
B

Adjacent side/ Hypotenuse D. Adjacent side/Opposite side
log 3* = 3log3
log 7¢ = 6log 7

log 5* = 3log 5




29.

31

Then, what is log ar?

A. rloga C. a'loga

B. r log ar D. rlogr
In the quadratic equation 2x2 + 5x - 12 = 0, the sum of the terms of the truth
setis-5/2

In the quadratic equation x2 - 10x + 16 = 0, the sum of the terms of the truth
setis10/1

In the quadratic equation -y2 + 6y + 8 = 0, the sum of the terms of the truth
setis -6/-1.

Then, what will be the sum of terms of the truth set of the quadratic
equation px2+ gx +r=0?

A, -p/q C.  q/p
B. p/q D. -q/p

Fig. (1) Fig. (2) Fig. (3)
In Fig. (1), if ZR = 60° then ZPOQ = 120°

In Fig. (2), if £Z = 45° then ZXMY = 90°
In Fig. (3), if ZC = 50° then ZADB = 100°

Then, in Fig. (4) if ZN = (x/2)° then what is the measure of ZLOM?

N

A. xe C. x
B. 2x° D. (x/2)°

The set of counting members between 13 and 15 is an example for a
singleton set.

The set of months having days less than 30 is an example for a singleton
set.




32.

33.

The set of numbers other than positive and negative numbers is an
example for a singleton set.

Then, what is the number of elements in a singleton set?
A -1 C 1
B. 0 D. 2

The area of a circle of radius 1 cm is T cm?2.
The area of a circle of radius 2 cm is 47 cm?.
The area of a circle of radius 3 cm is 9 cm2.

Then, what is the area of a circle of radius ‘x’ cm?

A.tcm? C.mx2cm?
B. mx cm?2 D. n/x2cm?

Fig. (1) Fig. (2) Fig. (3)
Notice the relation between the angles of the parallelograms (1), (2) and (3).
Using this, what is the measure of ~N in fig. (4)?

A ye C. x+y°

B. xv D. x-y°

(2a+b)? = 4a?+4ab+ b2
(I+3m2) = P+ 6lm + 9 m?
(2x+4y)? = 4x2 + 16xy + 16y?

Then, what will be (2p+q)??

Ao 2p?+2pq+ @’ C. 4p’+dpg+q
B.  4p+4pq+q D.  4p>+2pq+q?




35.

36.

37.

: is a unit matrix of order 2.
01

100
010 is a unit matrix of order 3.

001

1000
0100 is a unit matrix of order 4.
0010
0001

Then, which of the following is an example for a unit matrix of order 5?

r—-10000 —

010060 1001 0001 10000
A. 00100 |B.j010O0} C.|0010 D.|100106O0

00010 0010 0100 00010

0000’1__J 0001 1000 00001

(ptq) (p9) = p*>- ¢
(atb) (a-b) = a2-b?
(+m) (I-m) = E-m?

Then, what is the value of (2x+y) (2x-y) ?

A. (2x)2-y2 C. (2x)2 +y2
B. 2x2 - y? D. 2x2 + y?

(V52 = 5
(¥100)2 = 100
(vV1024)2 = 1024

Then, what is (Vx)2?

A. Vx C. V2x
B. x2 - D. x




38.

Then, what will be PI?

A.

I=1100

i=[100)
010
001

O QO -

—

PO O]
POO
PO O]

OPO

OO P|

POO]|.

o = O

010
| 001

'-—"CDOJ

then 41

then 81

il
SO W®

OPO
POO
OOP

[ "
OPO
OPO

LOPO]
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APPENDIX XV

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF DEDUCTIVE REASONING

(DRAFT)
Dr. V. Sumangala Mumthas, N.S.
Reader in Education ' Research Scholar
Instructions: : Time: 50 minutes

All the 4Dquestions of this test are based on some given theorems. Every
question therefore consists of a theorem and a problem based on it.

Read each theorem and then based on the theorem find the answer for the
problem, from among the choices A, B, C, D. Mark the correct answer in the
given response sheet by putting an 'X' symbol in the circle below the letter A, B, C
or D which represents your answer.

If you feel that the answer marked is wrong, envelope that circle by a
rectangle ((_]) and again put the "X’ mark in the circle representing your answer.

Example:

i) "The sum of the angles for a triangle is 180°". In AABC, if ZA = 45¢, /B =
60° then what is the measure of ZC?

A. 1050 C. 750
B. 60° D. 150

Here, the correct answer is 75°. Hence the circle below the letter C, which

represents the correct answer is marked usi X i
o using the symbol ‘X’ in the response

Response sheet
A B D

C
1) O O x e




“The number of elements in a set is called the cardinality of the set”.
If A= {a,e,io,u}, whatis the cardinality of A?
A1l C. 3
B. 2 D, 5
“If two angles of a triangle are equal, then the length of the sides opposite 4o
these angles will also be equal”.

A
@ 2-5 oM

In the given figure, ZQ = ZR =70°, PQ =3 cm and QR = 25 cm, then
what is the length of the side PR?

A. 15cm C.3cm
B. 25cm D. 6cm

“The angles of an equilateral triangle are equal”.
Then in the equilateral triangle ABC, what is the measure of ZA?

A. 30° C. 60°
B. 45° D. 90°

“If set P is the subset of the set Q, thenP N Q =P”.
When X ={1,2}and Y = {1, 0,1, 2, 3}, what is X "\ Y?

A X e X
B. ¢ D. XuY

“The line segment joining the midpoints of any two sides of a triangle is
half the third side”.

L.
/
7 i
M N




10.

11.

12.

13.

“1f the total number of terms of an Arithmetic Progression is ‘n’, then
last term - first term

n = +1.”
common difference

Then, in the Arithmetic Progression 21, 28, 35, ..... 126, what is the total
number of terms of it? .

A. 14 C. 16
B. 15 D. 17

“The degree measure of a minor arc is the measure of the central angle of
that arc”.

A

M (>
B

N
In the figure AMB is a minor arc and ZACB = 80°. Then what is the
measure of AMB?

A. 40° C. 90°
B. 80° D. 1600

“If LA, £B, £C are the three angles of the AABC, then sin2A + cos?A =17,

In AXYZ if ZX =80°, LY =60°, £Z = 40°, then, what is the value of
sin260 + Cos260 ?

A -1 C. 1
B. 0 D. 3 -

“The truth set of the quadratic equation ax2+bx +c=01s
-b + vb2-4ac -b-Vb2-4ac

{ , Y.
2a 2a

Then, which among the following is the truth set of 2x2 - 11x + 12 = 0?

A, {3/2,-4) C. {4,-3/2)
B.  {4,3/2) D. {43/2)



14.

16.

17.

. /::

“Figures having same shape and size are called co%ruent figures”.

Then, which among the following are congruent figures?
.00 caA

B.oO 0. /7 E

“The angle in a semi circle is a right angle”.

y

LN

z

In figure, XYZ is a semi circle and /XYZ is an angle in it. Then, what is the
measure of ZXYZ?

A 300 C. 60
B. 45 D. 90
“The volume of a cylinder of radius ‘r’ and height ‘b’ is nr2h”.
Then what is the volume of a cylinder of diameter 4 cm and height 10 cm?
A, 40 ncm3 C.  40cm?
B. 160 ncm? D. 160 cm3

“The angles inscribed in the same arc are of equal measures”.

TN
In the figure, ZA, £B, ZC are three angles inscribed in the PAQ. If ZA =
400, then what is the measure of /B?

A 400 C. 80°
B 600 D. 1200



18.

19.

20.

2.

“If the sum of two angles is 180°, then the angles are supplementary
angles”. :
‘ D
5
My 125 iy

/‘;‘( 55°
8

Which are the supplementary angles of the above given figure?

A. ZAOD & £COD C. ZCOD & £COB
B. ZAOD & ~AOB D. ZAOB & ~COD

“If a polynomial p(x) is divided by (x-a), then the remainder will be p(a)”.

Then, what is the remainder, when the polynomial p(x) =2 x3 - 7x2 + 2x + 1
is divided by x - 3?

A -122 C. -2
B. -110 D. 4

“If a, b, ¢ are the three consecutive terms of a geometric progressmn then
b = Vac”

Then what is the value of K if 12, k, 48 are the three consecutive terms of a
geometric progression?

A. 24 C. 36
B. 60 D. 30

“Eventhough the same element is repeated in a set, when we consider the
set of elements used, it is enough to include a particular element only
once”.

Then what is the number of elements of the set of letters of the word
LANGUAGE?

A. 8 C. 5
B. 6 D. 2
“The null set is a set with no elements in it”.

Which among the following is a null set?

Bt T c. 10}
B. {0} D. {1}




24.

25.

26.

“The degree of a polynomial is the same as that of the term having the
highest degree and non-zero coefficient”.

What is the degree of the polynomial Ox3 + 0x2 + 5x +27?

A. 3 C 1
B 2 D. 0

“The sum of the measures of all angles of a quadrilateral is 360°”.

G G F,
What is the measure of £G in the quadrilateral DEFG?

A, 65 ¢ 100e
B.  70° D. 125

“The diagonals of a parallelogram bisect each other”.

0 N

L M

In 7 LMNGO, if LN = 8 cm and OM = 5 cm then what is the length of NP?

A. 25cm C. 5cm
B. 4 cm D. 8cm

o
“If‘a’ cm is the length of the base edge and ‘h’ is the height of a square
pyramid, then its volume is 1/3 azh cm3”.

If the length of the base edge of a square pyramid is 9 cm and its height is
10 cm, what is its volume?

A. 30 cm? C. 270 cm3
B. 90 cm3 D. 810 cm3



27.

28.

29.

30.

“The line segment containing the centre of a circle and the midpoint of a
chord of the same circle is perpendicular to that chord”.

M
N

MN is the chord of a circle with centre O. Then what is the measure of
ZOPN?

A. 300 B. 60°
C. 45° D. 90°

“If ‘a’ is the first term and ‘d’ the common difference of an Arithmetic
Progression, then the sum of its first ‘n’ consecutive terms is S = n/2 [first
term + last term}”.

1f 7,14, 21, ..., 70 is an Arithmetic Progression, then what is the sum of its
first 8 consecutive terms?

A. 616
B. 504

308 .

C.
D. 252

C 1 i

What is the total surface area of a hemisphere whose radius is 6 cm?

A. 108 ncm? C. 108 cm?
B. 18 t cm? D. 18 cm?2

“The degree measure of a major arc = (360° - degree measure of its opposite
minor arc)”.
A
M

—
In the figure, if AMB is a minor arc and its degree measure is 50° then
what is the degree measure of ATB?

A. 500 C. 3100
B. 180° D. 360°




31.

32.

33.

“ A sentence that contains only numbers is a numerical sentence”.
Which among the following is a numerical sentence?

A. 4+3=7 c. S+4Y =7

B. Ix>7 D. Jy+1<2.

“If the lengths of the diagonals of a rhombus are di, d» respectively then its
area is 1/2 did> square units”.

9

A B

AC and AD are the diagonals of the rhombus ABCD. If AC =8 cm and
BD = 4 cm, then what is the area of rhombus ABCD?

A. 32 cm? C. 12 cm?
B. 16 cm? D. 6 cm?2

“If two straight lines intersect, the measures of vertical angles so formed
are equal”.

1‘3_(3 & R S are two straight lines. They intersect at the point ‘O’.
If ZPOR =70° and £POS = 110°, then what is the measure of /SOQ?

A. 110° C. 700
B. 180° D. 409

“The shortest side of a triangle is the one opposite to the smallest angle”.




35.

36.

37.

APQR & ARSQ are two triangles in the quadrilateral PQSR. In APQR,
£ZP =65°, ZQ = 35° and £R = 80°, then which is the shortest side of
APQR?

A. PQ C. Qs
B. QR D. PR

“Two chords, equidistant from the centre of a circle are equal in measure”.

A

AB and CD are the two chords of a circle with centre ‘0’. The distances
from the centre to these chords are OM and ON. If OM =ON =2 cm and
AB = 3.5 cm, then what is the length of CD?

A. 2 cm C. 4 cm
B. 3.5cm D. 7 cm

“The angle inscribed in a major arc is an acute angle”.
P

Y,

R

N
In the figure, POR is a major arc and ZPQR is inscribed in it. Then what
type of angle is ZPQR?

A.  rightangle C. acute angle
B. obtuse angle D exterior angle

“If P(x1,y1,21) and Q(x2,y2,22) are two points on a plane, the distance
between them is PQ = V(x2-x1)2 + (y2-y1)? + (z2-21)2

If A (1,3,4) and B (-1,6,10) are two points on a plane then what is AB?

A 7 c, \7
B. 41 D. V41



38.

40.

d

‘e (xM = XV
dx
d
Then what is ---- (x19) ?
dx
A. 10 x10 C. 10 x9
B. x10 D. 9x10

“A, B, C are the vertices of a AABC. In AABC, A = (x1,y1,21),
B = (x2,y2,£2) and C = (x3,y3,23). Then the midpoint of the side AB is
X1+ X2 vity: z1t+z2

( , : )”
2 2 2

In APQR, if P = (3, 8, 3), Q = (3, 2, 7) and R = (-1, -2, -1) then which among
the following is the midpoint of the side PQ?

A (132) C. (1,04
B. (3.5,5) D. (254)
“If 1, m, n are the 3 consecutive terms of an Arithmetic Progression, then
l1+n
M= e i
2

If 8, g, 16 are the 3 consecutive terms of an Arithmetic Progression, then
what is the value of 'q’?

A. 8 C. 16
B. 12 D. 128
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TEST OF DEDUCTIVE REASONING

SCORING KEY

1. D 21, B
2. C 22, A
3 C 23. C
4. A 24. C
3. B 23, B
6. B 26. C
7 D 27. D
8. A 28. C
9. A 29. A
10. C 30. C
11 B 31. A
12. C 32. B
13. D 33, C
14. A 34. D
15. D 35, B
16. A 36. C
17. A 37. A
18. A 38. C
19. C 39. B
20. A 40. B
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APPENDIX XVII

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

TEST OF DEDUCTIVE REASONING

Dr. V. Sumangala Mumthas, N.S.
Reader in Education ' Research Scholar
Instructions: :' Time: 40 minutes

All the 32 questions of this test are based on some given theorems. Every
question therefore consists of a theorem and a problem based on it.

Read each theorem and then based on the theorem find the answer for the
problem, from among the choices A, B, C, D. Mark the correct answer in the
given response sheet by putting an 'X' symbol in the circle below the letter A, B, C
or D which represents your answer.

If you feel that the answer marked is wrong, envelope that circle by a
rectangle ((_1) and again put the ‘X’ mark in the circle representing your answer.

Example:

i) "The sum of the angles for a triangle is 180°". In AABC, if ZA = 45¢, /B =
60° then what is the measure of ZC?

A. 105° C. 75°
B. 60° D. 15°

Here, the correct answer is 75°. Hence the circle below the letter C, which
represents the correct answer is marked using the symbol ‘X’ in the response
sheet).

Response sheet
A B C D
)y o o X o




“The number of elements in a set is called the cardinality of the set”.
If A = {a,eio,u}, what is the cardinality of A?

C.3

A1l
B. 2 D. 5

“If two angles of a triangle are equal, then the length of the sides opposite
to these angles will also be equal”.

A
Q4 TR

2.5cm

In the given figure, ZQ = ZR = 70°, PQ =3 cm and QR = 2.5 cm, then
what is the length of the side PR?

A. 15cm C. 3am
B. 25cm D. 6cm

“The angles of an equilateral triangle are equal”.
Then in the equilateral triangle ABC, what is the measure of ZA?

A. 30° C. 60°
B. 45° D. 90°

“If set P is the subset of the set Q, thenPQ =P”.
When X = {1,2}and Y ={-1, 0, 1, 2, 3}, whatis X Y?

A X C. Y
B. ¢ D.XuUY

“If a polygon has ‘n’ sides, the sum of the measure of all its interior angles
is (2n4) right angles”.

Then, in a polygon with 8 sides, what is the sum of the measures of all
its interior angles?

A.  4right angles - C 16 right angles
B. 12 right angles D.  20right angles




10.

€

>
o

“The square of the differences of two terms
= (first term)? - 2 x first term x second term + (second term)2.”

Then, what is (5m-2n)??
A, 25m2-20mn +4n? C. 25m? + 20 mn + 4n?
B. 5m? - 20 mn + 2n2 D. 5m2+ 20 mn + 2n?
“If‘a’ is the length of a side of an equilateral triangle, its area is V3a2/4”.

In the equilateral ADEF, if DE = 2 cm, then what is the area of that triangle?

A. V3 cm? C. 12/4 cm?
B. ¥3/4 cm? D. V6/4 cm?

“The degree measure of a minor arc is the measure of the central angle of
that arc”.

A

Ml 80>

N
In the figure, AMB is a minor arc and £ZACB = 80°. Then what is the
measure of AMB?

A. 40° C. 90e
B. 80° D. 160°

“If ZA, £B, £C are the three angles of the AABC, then sin?A + cos?A =1".

In AXYZ if £X =809°, LY = 60°, £Z = 40°, then, what is the value of
sin260 + Cos260 ?

A A C. 1
B. 0 D. V3
“Figures having same shape and size are called congruent figures”.
Then, which among the following are congruent figures?
A00 cAA
B.oO ' D. ED




11.

12.

13.

14.

“The angle in a semi circle is a right angle”.

N

In figure, X/Y\Z is a semi circle and ZXYZ is an angle in it. Then, what is the
measure of /XYZ?

2

A. 300 (oF 60°
B. 450 D. 900
“The volume of a cylinder of radius ‘r" cm and height ‘h’ cm is nrzh cm3”.
Then, what is the volume of a cylinder of diameter 4 cm and height 10 cm?
A. 40 ncm3 C. 40 cm3
B. 160 ncm3 D. 160 cm?®

“The angles inscribed in the same arc are of equal measures”.
B
A C
z"“
P Q

/\
In the figure, LA, £B, ZC are three angles inscribed in the PAQ. If LA =
40°, then what is the measure of £B?

A. 400 C. 800
B. 600 D. 120°

“If the sum of two angles is 180, then the angles are supplementary
angles”.

D
135! 450
A% 5 ; 5 C

125 55



15.

16.

17.

18.

Which are the supplementary angles of the above given figure?

A. £ AOD & £2COD C. £COD & £COB
B. ZAOD & £AOB D. £ZAOB & £COD

“Eventhough the same element is repeated in a set, when we consider the
set of elements used, it is enough to include a particular element only
once”.

Then what is the number of elements of the set of letters of the word
LANGUAGE?

A. 8
B. 6

5
2

C.
D.
“The null set is a set with no elements in it”.
Which among the following is a null set?

A} C {0}

B.  {§} D. {1
“The degree of a polynomial is the same as that of the term having the
highest degree and non-zero coefficient”.

What is the degree of the polynomial Ox3 + 0x2+5x +2?
B. 2 D. 0

“The sum of the measures of all angles of a quadrilateral is 360°”.
/R o pac

What is the measure of £G in the quadrilateral DEFG?

A. 65° C. 100°
B. 700 D. 1250



19.

20.

21.

“The diagonals of a parallelogram bisect each other”.

o N

L M
In7 LMNO, if LN = 8 cm and OM = 5 cm then what is the length of NP?

A. 2.5cm C. 5cm
B. 4 cm D. 8 cm

“If ‘a’ cm is the length of the base edge and ‘h’ cm is the height of a square
pyramid, then its volume is 1/3 a%h cm3”.

If the length of the base edge of a square pyramid is 9 cm and its height is
10 cm, what is its volume?

A. 30 cm?3 C. 270 cm3
B. 90 cm? D. 810 cm?

“The line segment containing the centre of a circle and the midpoint of a
chord of the same circle is perpendicular to that chord”.

MN is the chord of a circle with centre O. Then what is the measure of
/OPN?

A. 300 C. 45¢
B 60° D. 90°

“If ‘v’ cm is the radius of a hemisphere, its total surface area is 3nr? cm?".
What is the total surface area of a hemisphere whose radius is 6 cm?

A. 108 7cm? C. 108 cm?
B. 18 = cm? D. 18 cm?

P




23. “The degree measure of a major arc = (360° - degree measure of its opposite
minor arc)”.

/N
In the figure, if AMB is a minor arc and its degree measure is 50° then
what is the degree measure of ATB?

A, 500 C. 310°
B. 180° D. 360°
24. " A sentence that contains only numbers is a numerical sentence”.

Which among the following is a numerical sentence?
A, 4+3=7 C. 5+4Y =7
B. 3x>7 D. Jy+1<2

25.  “If the lengths of the diagonals of arhombus are d;, dz respectively then its
area is 1/2 did» square units”.

o)

A
AC and AD are the diagonals of the rhombus ABCD. If AC=8cm and
BD = 4 cm, then what is the area of thombus ABCD?

A. 32 cm? C. 12 cm?
B. 16 cm? D. 6 cm?

T
o



26.

27.

28.

“If two straight lines intersect, the measures of vertical angles so formed
are equal”.

&«
PQ& R S are two straight lines. They intersect at the point ‘O’.
If ZPOR = 70° and £POS = 110°, then what is the measure of £50Q?

A. 1100 C. 700
B. 180° D. 400

“The shortest side of a triangle is the one opposite to the smallest angle”.
R s

8¢

p 65° z5°
=5 |
APQR & ARSQ are two triangles in the quadrilateral PQSR. In APQR,

/P =65°, 2Q = 35° and £R = 80°, then which is the shortest side of
APQR?

A. PQ C. Qs
B. QR D. PR

“Two chords, equidistant from the centre of a circle are equal in measure”.

AB and CD are the two chords of a circle with centre ‘0’. The distances
from the centre to these chords are OM and ON. If OM =ON =2 cm and
AB = 3.5 cm, then what is the length of CD?

A. 2cm C. 4cm
B. 35cm D. 7 cm



29.

30.

31.

32.

“The angle inscribed in a major arc is an acute angle”.

P R

In the figure, PQRisa major arc and £PQR is inscribed in it. Then what
type of angle is Z/PQR?

A.  rightangle C. acute angle
B. obtuse angle D. exterior angle
d
‘e (x® = nx”
dx
d
Then whatis —-- (x10) ?
dx
A, 10x0 C.  10x°
B. x10 D 9x10

“A, B, C are the vertices of a AABC. In AABC, A = (x1,y1,21),
B = (x2,y2,22) and C = (x3,y3,z3). Then the midpoint of the side AB is
x1+ X2 yity: zitz

( . , )II
2 2 2

In APQR, if P=(3, 8, 3), Q= (3,2, 7) and R = (-1, -2, -1) then which among
the following is the midpoint of the side PQ?

A (132 C. (1,04
B. (355 . D. (254)

“If1, m, n are the 3 consecutive terms of an Arithmetic Progression, then
I+n

m =—",
2




e

(""
e

o

If 8, q, 16 are the 3 consecutive terms of an Arithmetic Progression, then
what is the value of ‘q’?

A. 8 C. 16
B. 12 D 128
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UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION 1996

TEST OF PROBLEM SOLVING ABILITY IN MATHEMATICS

Dr. V. Sumangala Vijayakumari, K.
Reader in Education Research Scholar
University of Calicut Department of Education.

Direction: This is a test to measure your ability in solving problems related to
Mathematics. Answer each question after careful reading and mark your response
in the separate answer sheet given. There are three parts for this test viz., Part I, II
and IIT and separate directions are given for doing these parts. Each part should
be completed within the allotted time.

PARTI1

In this part each question has four options (A, B, C, D). You have to find
the correct answer and mark 'X' on the cirde corresponding to the letter carrying
the correct answer in your answer sheet. If you want to change the answer after
marking it, you should draw a square () around it and then mark the correct
answer.

Time:30 mts.

1. A lily on a pond doubles its size every day. If in 15 days it covers half the
pond, how long will it take to cover the whole pond?

A. 30 B. 16 C. 15 D. 75
2. If a cat can kill a rat in 1 minute, how long will 60 cats take to kill 60 rats?
A. 60 mts B. 6 mts. D. 1mts. D. 1hr
3. A family has seven children each boy in this family has as many sisters as

his brothers, but each girl has twice as many brothers as her sisters. How
many brothers and sisters are in the family?

5 sisters and 2 brothers
4 sisters -and 3 brothers
1 sister and 6 brothers

3 sisters and 4 brothers

ON&F»

Pl

’MT




~

10.

A father is 35 years old and his son is 2. After how many years will the
father be 4 imes as old as his son?

A D B. 9 C. 27 D. 33

A train passes through a tunnel 450 m long in 45 seconds and goes past a
post in 15 seconds. The length of the train is

A 450 m B. 225 m C. 150 m D. 10 m

A money pouch contains Rs.700/-. There are equal number of 25 paise
coins, 50 paise coins and one rupee coins. How many of each are there?

A. 700 B. 400 C. 100 D. 10

In an effort to motivate a student to do her home work a mathematics.

teacher offered to pay the student Rs.8/- for each correct answer on her
assignment and to fine her Rs.5/- for each incorrect answer. After the
student had worked 26 problems, (assume that no problem is omitted) it
was discovered that neither person owed money to the other. How many
problems did the student solve correctly.

A 16 B. 13 C. 10 D. 8

What is the diameter of an automobile wheel if the distance covered by the
wheel in ten rotations is 1570 cm?

A. 500 cm B. 157 cm C. 50 cm D. 25¢cm

John can complete a job in a 4 hrs, and Ram can complete it in 5 hrs. How
long will the boys take to complete it together?

A. 9/20hrs.  B. 9/2. hrs. C.20/9hrs.  D. 9hus.

What is the greatest possible number of 1 inch cubes that can be placed into
an empty box, 4 inches wide by 4 inches deep by 4 inches long.

A 4 B. 8 C. 16 D. 64




11.

12.

13.

14.

15.

Each of the 16 small squares in Fig. is of side 1 unit. What is the area of the
shaded square?

]

N
SR

2

B

[

|

A. 1S5q. units B. 2Sqg. units C. 45q. units  D. 16 Sq. units

-

How many triangles are there in the figure.

/A
\VAVAV
Avé%

A. 12 B. 14 C. 19 D. 20

What is the measure of the angle A in the figure (without measuring
directly)?

A. 30 B. 63 A
C. 87 D. 140

Ram bought a pen. If he paid for it 2 rupee notes he would have to pay out
3 more notes than if he paid in notes of Rs.5/-. How much did the pen
cost?

A. Rs.20 B. Rs.15 C. Rs.10 D. Rs.6

Age of Jim is half as that of George. John is 4 years older than Jim. If
George is 4 years elder than John, what is the age of John?

A. 16 B. 12 C 8 D. 4



16.

18.

19.

If 2a+2b+5¢c=9. If C=1whatisa+b+c?

YA.4 B. 3 C. 3 D. 2

Which is not true for the triangle given
10
° .
A. PR>QR B. PQ> PR &2
C. PO>RQ D. Allsides areequal ¢
3x = 2y; 2y = z; which letter has highest value?
A. x B.y C. z D. Equal value for all letters.

A single line segment can be drawn using two points. Three line segments
can be drawn using three points. Then what is the maximum number of
line segments that can be drawn using 7 points?

A 21 . B. 12 C.9 D. 7

PART I

Directions: Find out the first step at which error is committed in the following
proofs and write the step number in the separate answer sheet given.

. Time:4. mts.
i) 25-25 =0

i)y 5-5=0

i) 25-25
e = 0
5-5

iv)  52-52
— =0
5-5

v)  (5+5)(5-5)
——— =0

5-5

5+5=10




)

IfVx = 2 Vy =3

1) Vx+y = 243 = 5

ii) xty = 52 = 25
x+y = 25

PART III

Direction: After reading each question carefully, write the answer in the separate
answer sheet provided. You should be careful in writing question numbers in the
answer sheet.

o

Time: 10 mts

A man has one 5 litre and 3 litre buckets. How can he take 7 litres of water
correctly using the two buckets.

If x and y are positive integers, x/y = 1 and x+y = z which is the integer
that cannot be value of z. Justify your answer.

A. 36 B. 9 C.8 D. 4

In a water tank there are two pipes. One fills the tank in 12 hrs and the
other emplies it 9 hrs. If these two pipes are opened together, how long
will it take to fill the tank? Justify your answer.

A box contains 8 lead balls. Seven of them weigh exactly the same, but one
is just a bit heavier. Using a balance scale, how can you identify the
heaviest ball in just two weighings.

There are 3 oranges in a bag. You have to give them to three children
equally and you should not cut the orange. At the same time, one orange
should be in the bag. How can you do this.
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APPENDIX XIX

TEST OF MATEMATICAL CREATIVITY

Dr. V.Sumangala
Reader in Educaticn
Dept. of Education
University of Calicut

This 18 a test tc measure your Creativity in Mathematics. There
seven different questions in this test. To each questicn, write

as many possible answers as you can within the time limit specified.
Your scores for creativity will increase as the number cf right
answers. Let your answers be unusual and novel as far as possible.
r 2ach question within the time limit given against each. Begin

1ng when the teazher says ‘start’ and “stcp’ when the teacher

1. Write as many numbers as possible sc that the sum of the digits
1s 7.

Time: 5> mts

2. Draw the figures of four squares arranged in different ways as
pcssible.

ex. [T T Time: 5 mts

3. Represent the whole numbers 0, 1, 2, .... using four 4S and any
mathematical operation between them.
Time: 7 mts
0
2 etc.

Ex: 44 - 44
4/4 + 4/4

i}

i}

rite as many paths as possible from A to H through the édges of
the cube ABCDEFGH

5. Using the fundamental mathematical operations +, -, x, - connect
the numbers 3, 4, 5 and 6 in possible ways to get the answer as
8.

Time: 6 mts
6. Write as many equations as possible using the equation B-C = D,
and Z = A+D.
Time: 5Smts
Ex: B = C+D, 22 = (A+D)2

7. Using fundamental mathematical operations +, -, x, - between the

digits 1, 9, 9 and 2 of the number 1992, write as many counting
numbers as possible.

Time: 5 mts
Ex: 1 + 9 + 9 + 2 = 21

-1 -9 + 9 + 2 =1 etc.
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APPENDIX XK

DEPARTMENT OF EDUCATION 199G
UNIVERSITY OF CALICUT

MATHEMATICS INTEREST INVENTORY

Dr. V. Sumangala Vijayakumari. K.

Reader in Education Research Scholar
University of Calicut Department of Education
Instruction:

This is to find how far secondary school students are interested in activities

related to Mathematics. 32 sets of activities that you would like to do usually are
given under three options A, B and C. You are free to indicate your
choice/preference by choosing any one activity of the three options. Mark your
preferences with a cross mark (X) under the column heading A, B and C in the
separate response sheet provided.

1.

A. Keeping a collection of coins of differnt countries.
B. Collecting pictures of geometrical shapes.
C. Collecting various types of stamps

A. Reading children’s publications like Poompatta, Balarama etc.
B. Reading magazines on Mathematics.
C. Reading books on Scince Fictions.

Listening radio programme on

A. Mathematics
B. Hindi lessons
C. Non-formal education.

Discuss with others about

A. Current political issues
B. Modern scientific inventions
C. The scope of modern Mathematics

Learning

A. Rules of different games
B. The working of machines
C. Mathematical games.



~

10.

11.

13.

14.

In magazines and other publications

A. Attempt word puzzles
B. Find out answers to mathematical puzzles
C. Colour pictures.

On holidays
A. Watch films
B. Play games

C. Do mathematical problems.

A. Helping parents in preparing the family budget
B. Purchasing the household things
C. Helping in household chores.

A. Observing birds

B. Identifying geometrical figures present in nature.
C. Observing the sky. ~

A. Experimenting with instruments

B. Making different patterns using geometrical figures
C. Making card board models of different countries.

In the school, help in conducting

A. Sports meet
B. Mathematics exhxbmon
C. Arts festival

Taking part in
A. Literary meetings

B. Mathematical club
C. Political meetings

Preparing a chart of

A. Mathematical formula
B. The contributions of renowned scientists
C. Famous writers and their works

To discuss with friends about

A. The ways and means of making the learmng of Mathematics interesting.
B. Health issues

C. The environmental issues



15,

16.

17.

18.

19,

20.

21.

A.

B.

C.

Making a library on literary works
Making a library of Mathematics
Making a library of History

Helping the brother/sister in learning

A. Languages

B. Mathematics

C. Science

To see

A. Sports meet

B. Cultural programme

C. Mathematical exhibitions

Delivering a speech on

A. Political issues

B. The utility of Mathematics

C. The benefit of Science.

A. Understanding the working of machines by visiting a factory

B. Understanding the relationship between production and distribu-
tion in a factory.

C. Finding out the use of the factory products to the society

Taking part in

A. Mathematics quiz

B. Science quiz

C. Quiz on History

Daily learn

A. Science

B. Mathematics

C. Social Sciences

Understanding the usage of

A.
B.
C.

Language dictionary
Mathematical dictionary
Science dictionary



26.

27.

28.

29.

30.

Doing higher studies in

A. Science
B. Literature
C. Mathematics

A. Solving difficult mathematical problems

B. Conducting Scientific experiments

C. Locating countries and places in the world map
Listening the description regarding

A. The progress of Science
B. The cultural progress of humanity
C. The contribution of Mathematics to the modern world.

A. Observing the procedure of conducting scientific experiments
Studying the use of mathematical instruments with precision

o

C. Observing the methods and ways of different body excercises.

Reading the biography of

A. The famous mathematician Srinivasa Ramanuja
B. The great leader Mahatma Gandhi
C. The poet Rabindranath Tagore

Reading books on

A. Ancient Indian Mathematics
B. Astronomy
C. Plants and Animals

Obtaining a job on

A. Teaching
B. Construction and operation of machines
C. Operating computers

During holidays learn

A. Typewriting
B. Computer
C. Cycling

e
o



31. Learning

A. The scientific names of the common plants found in nature.

B. The scientific names of the things in common use (eg: Salt,
Washing soda, etc)

C. Recognize mathematical forms in the household things.

32. Being a member of

A. Literary association

B. Sports Club
C. Mathematics club.
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APPENDIX XXI

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION 1993

SCALE OFP SELF-CONCEPT IN MATHBEMATICS

Dr. V. Sumangala Mrs. Malini, P.M.
Reader in Education Research Scholar

University of Calicut Department of Educaticn

A few statements which will help you in assessing yourself in

relation tc Mathematics are given herewith. After recading each
statement, ycu have to :mark your response in any one of the ways,

viz., ’‘very much like this” (A), ’‘like this’  (B), ‘uncertain’ (C),
‘not like this’ (D)}, or ‘not at all like this’  (B). For this,
separate answer sheet with markings A, B, C, D, E in % circles is
given against each statement number. 1f your response to a statement
is ‘very much like this’; “like this , ‘uncertain’, ‘not like this’
or ‘not at all like this’, put an X mark on circles A, B, C, D or E
respectively. I[f you find that you have made a wrong entry, put a

square around that entry, and then put the X mark in the correct
circle. Okey, start.

10.

I always stand first in imathematics axaminations.

I sclve mathematical problems faster than my'classmates.

My classmates often seek my help to do their homeworks.

1 am thorough with the basics of mathematics.

I solve ﬁathematical-prcblems with the help of others.

To achieve high in mathematlcs is my aim.

1 soclve even tough mathématical problems.

Participating in mathematics guiz programmes 1is a thrill to me.
It is me the teacher engages t< do problems cn the blackboard.

Mathematical knowiedge helps me toc learn science subjects
casily.



171.

13

14

15.

16

V7.

18.

19.

20.

2.

23.

24,

-~

5;@?’{

Voot

Mathematics is a problem for me.
My ability in mathematics has helped me to outsmart my foes.
It is my ambition to do higher studies in mathematics.

I am often unable to answer the questions of mathematics
teacher.

My classmates view me as the best student in the class.

1 Eind it easy to memorise mathematical formulae, principles and
rules.

My friends are the best students of my class.
Students like me because cf my ability in mathematics.

Teachers entrust me the job of helping students who are poor in
mathematics.

I have not felt that mathematics is a difficult subject.

I like tc dc mathematical problems in recess times.
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lvy tc get through the examinations.
Each mathematics class is a problem for me.

1 am unhappy in my study of mathematics.
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SCALE OF ATTITUDE TOWARDS MATHEMATICS
DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT 1990

A few statements to know your responses about mathematics and
problems in mathematics. After reading each statement, you have to
marXx your response in any one of the ways viz., strongly agree (SA),
agree (A), undecided (U), disagree (D), strongly disagree (SD)
against each statement number in the separate answer sheet. 1If your
respcnse to a statement is ‘strongly agree’, ’‘agree’, ‘undecided’,
‘disagree’ or ‘strongly disagree’, put an X mark on circles SA, A, U,
O or SD respctively.

Now read each statement and mark your responses.

i Achievements due tc the advancement of mathematics are
beneficial to society.

2. Money spent for research in mathematics is a big national waste.

.

3. Time spent for participating in the activitiss of mathematics
club is a real waste.

4. It is distressing for me to think of mathematics classes.

5. I won’'t reveal my doubts in mathematics classes thinking that
others may consider that I am very poor in mathematics.

6. While dealing with any mathematical problem I will try my bes:
to sclve 1it.

7. Being a hard and bored subject, I won 't attend classes of
mathematics.

8. If the answer while doing mathematical probiems, is found
correct, then it is an inspiration for me to do more and more
problems.

9. To the portions taught in mathematics class, learn thoroughly I

do textual exercises everyday.

10. I study mathematics as a way to score high marks in examinations
as it is easy to get very good marks in mathematics.
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12.

13.

16.

18.

22.
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26.

27.

28.

29.

30.

I think of answering to questions only whentheé turn is mine,

Eventhough scme questions are unknown to me, I am able to do the
test.

However interesting are mathematics classes, I find it difficult
tc attend the classes.

I do not attempt solving mathematical prcblems because of fear
of committing mistakes. .

dowewver difficult a problem, I find pleasure 1n solving it
myself.

Students don’'t like thcse teachers who compel students to do
problems for themselves.

Teacher should take lead to present articles by students
containing life history of mathematicians and their
contributions to mathematics.

'The teacher 1s to do all the problems in mathematics on the
blacktocard.

I do not care for doing extracurricular mathematics problems.
Constructing magic square is one of my recreational pastimes.

While reading periodicals my first attempt is to find solutions
{or crossword puzzles, picture puzzles,. mathematical games and
the like.

Yo draw geometrical figures and to colour them i1s one of my
recreational pastimes.

IS

it is boring toc read the life history of mathematicians.

Many of the theories and principles of Mathematics are
applicable in cur day to day life.

Possibilities for getting cheated are there if one goes for
shepping without a knowledge of mathematics.

Those who have a flair for Mathematics are likely to have
orecision in life also.

The number of female mathematicians are very few as their
mathematicial abilities are poor.

If mathematics had not been utilised our life would have’
progressed only slowly.

Researches in mathematics are only national. ‘
Many scientific discoveries would not have been possible if
mathematics had not progressed.

§



P\g\b

 APPENDIX XXIi(a)

SCALE OF ATTITUDE TOWARDS MATHEMATICS
SCORE SHEET

G0N : oV a9 18100 ealoY:
roooMenndow: : " @ysrdeyg featemde 191

>
-
o !
S

SA

w
>
o
o
2
w
<

3]

O
Ao AU R |
.Q 118.
O

o)
O 0 0 ©

O O O O

. 19.

O

O ' 20:

O 0O 0O 0O O O

<D

o T,

O
O

~1

O O O O O 0O .0
O O O O 0O .0 0o
O

O
on
O
O
O

O]
o O O O O,.,0 0O O

- 923,

O

24,

o
O
O

10. - 25,
’ 11

- 12, 27.
13, , 28

14. 29.

O 0 0 0.0 0O 0 O O 0 0 0 0 0 o
O
o
o

O O O O O O
o 0 O O O 0O o
O 0 O O O O 0O
O 0 O o0 0. O

1o o 0o 0o 000 00 0 0 0 0 0 0

0o 0 0O O O 0O 00

© 0 0 O O 0 O O
lo o 0o o o o
lo o0 oo o o o

30.




‘{.
APPENDIX XXII
UNIVERSITY OF CALICUT

DEPARTMENT OF EDUCATION

SCALE OF ATTITUDE TOWARDS ACADEMIC WORK

(DrAFT)

Dr. V. Sumangalé, Mumthas. N.S
Reader in Education Research Scholar

MIBCEUEERUE: MId)U3 AlOMETMMOSI0 BRMNUMWAIAUYTNRHEBOS)e alldydodmOlenas acmocoaan
Q@IS IO SU@ISTIES. MTIMOD 55 tualmoaimaud DEMINSIgjo NTB)IN). BICET LAITV®O
M@)o ‘anBsR@OW)0 cavomlenany’ (SA), ‘caolanan)’ (A), ‘arllanwalg) (U), ‘allcwomlenamy’ (D),

“andeaowie allcwosluaya)’ (SD) agarkisam 5 meamilod (Uele:tkeeam e oIeTkIRes. 89600 (ariomd
KoVliplio ) mo@‘lgwﬂm»cwmo MR8 (I@d06emo (SA, A, U, D or SD), @omaesdqjo mm3«sslailg)es pom
m@asejomms @RAOT (HAMAUANTT CMH® MBBHOS LTI HEMOTD qV}aflafleman AyEmEWIES X’ @oSs
@IBENG CORINQISITN) .

»

CRAINSITHIVE HMQIW UYEHOEHIRIOHEHAT IO @) UTMOTD '’ allamos d:d6nE

aleio OB WAIWOW ANRTHOMITI Arlera)o *x’ ERSWIRAIS)H:.

1. a0y avosuawl@omw alay @ 63 B1OS al@a) & 8103 ale B 5) S0 alg1am
BOAUTVEANO AJIPIBHIM IOSI2ITTHMOEATS.

AUOMOT NLWILHITT ANlWEHNRIENS nNOG] IO OTID0B
O8O IN@ICMENINB BYF alICO MAIAUTTS:BINS AAVS:M0

aloMo AJRISHWHS GAISTE] BI(Mo H2ICQYTR BO) (IO OTIWOES.

2] 320aBglcaIdos (VA AY@IAILNend0®m alCldN)d: ERAVIWIBOET.

80y Mgy Allzyddmal AJoM@:0046mU30050 Bk VAL (AIGM§STVAWo MIBIHAIBH)I).

N o v s e

Ald0  ALONMIAWBIW afl®) MHOQYEBGJo Vol VERIWOHBEMY alClaNEMOHANT af)MmIos
MIBsTUWwasTS.

»

AJOMETMSHID BINIBOM) aldlostonllRWo @Idem@Ies;.

9.  alom(aUBED ®&m gl@ad(@o waan‘lm;m alaodmal a10coy®RBOIW ®ed m’}emrrﬂg
RIUVDOMEUTBUS MaSISOSITTN)HQIETD.

0. an@le 00 a8 wAolsn)equavdan aom e Momial®l®)o AVEMO at)o
@RMYBUOS) .

11. mmmooT&u&mgmo&;m aJO M Vo UMW 2O Mo W BBUI IBOWM) H 0 S) SO0
AlOM@RIL T, .

12, aJOMAVOMIMLOIW medmmmgﬂmﬁ CMMMI0 aflOQS)H}H RAVHQAIE).

13. ajom o ®mas glad 0o(®o (wavlenyan alsjsdmolswBencem @mad swdan
SLRaMITInLITHOm ¥l

14. @nd Ay BV 8GO TVAWo al0len)}am DMOTm IO OO DY S 0)88
ARO@B:1EN0 BCANO BCHRO Ajlat1®o alOleN}aN OleIWos Meos.

15. aloMo cRoeilds calenzlaos).

16.  @rolal ¢cms;an@IM)aIdI@owl] (&1@oTDH:0l)e @ommom;éemmgo AR (AU O3 88 D)ADM) OO0
MR HIMIDVIBIBHMo aJOMo. :

17. 9503 anelo #1300 630} (aJouyamialeno (nJCK‘Do 2U30a}6S) nMHs ®ILiiBle).
18.  aJOMo D)atilaMOW 0} (A ETIIENTS
19.  06IBU3 af)S)a0M@INT al}060 WEIWIW AJMEHINT @AWl BIBYRMIBERUT0 MBICH:EMRIE.

20. 2206001d 2EVEMBUIGG DM ARO0 (aMDIMID]BIMOBHIME ald0}(AIEBESENIUT AJdGOJMA
LTS Ia906T M@l 2)MmeN0 B&IS)EIHTRT.

21, Hoquolo  aldaysud, auoasoB@mul, caldcBidOMECUBHWY  osemloa 3lao
auinimeamudad algle aquvowsmgosms.

22, aymyomoele: aivlanleeemsmglod aie)an alod:ud, cmouendud At andud alleemom
(ABEMBO® GRIUMEBUY QDD EHN)HWIT AEV®:Ro.



23.

24,

25.

26.
27.

28.
29.

30.
31.

32.
33.
34.
35.

36.
37.
38.

39.

47.
48.

49.
50.
51.
52.

53.
54.

55.

N\
;(\\
¥
@RWYdnlMo, NGAIAMENO,  aJOT(MICMIaHaNO ;s emiw QoM TRYU WY DI
omovlenaud aue,clen)swle) .

M o wdatomamliae ale quom a9 U0 892 ad 10 hHPJo emoIen & @1os anlw
ANV HEBHITD GV 300UMUONHS S,

AJICOLMO (IUGANMEBEIW (AUDBTVOIMo M@EHERD (UH03 HOUTUCTONS
AJO@IUUW)  DAICTINTMINOET.

@MU alla adddlag)es aliwacvawailemans

sowle@o, esenNalaumd (TV), all®o mseasle sowloasgled aelmm  alsmanam
(NGO H0RISBEILNAIEM. (DALCAUSRDY.

aagleoel o0k a9lal quawemglad GnloLIlo AJOMTVONIMLAIW IR} EBEIAEMO (AL,

aomaljo  @®Iemas MUTW O S AURIMM (aAJUGOD MeBBlo AR Mo all (VoD AV a@o
TRAINDBIC O TR .

@RAGI® ERAUWIGIITLEBU aMIBS TVCANInte DENROGH}AAUWIETT.

aieandsSad, analom’ pasglad OB S)HNMDIeM 00963 &S, Voo, 21Ra] M)SEBIW DETVO LB
gleps ailayodmolawd em:S)cenmRas.

AJOM2IHEMo 6@} Al3}23MOI@NS (AWM (alasamilele allamasaile.
AJOMSIRITBOZE}012] BAMO AVAVIRIHOJANAUCRIS ¢)§)d:)SOMD (VOENEHOANE).
nJOM00)BEI 20MINIMINBINS DSOHAIST @RAVANMIWBIMS,

nJO0 Vo M ML BIW Mo DU MBI} M@TMIW] @RWIOald: CRCWI 55 HICOTM®D
alajlsoymmlal aslcsnenrmlel.

AJOMSIRIIBHIFN 200 (RAIENIMAIR ERWLIAIHE}NS MIEMaNIICTVES EBUIHS alomigailanyam).
@RWIalHEIRMIM) a8 arolal WElWIW AomEMI) ARIBm @26, '

@mawlslaumesglene a0l emesm aomoal®mo o9 g}es®)o @RWYDaldh0}OSWIo MIGC3wo
TRMVANMIR@IE.

M0, 810 BRWIdald-0ouSHA@TVEl@Ic IR ailByodomsleglos aommleindee padomoad
SQuUEI}BH UM,

o glomee)ala) 80da9adcadeN0 EDaXSOaS)aTIR).

Ao MmO mow] 26M1 B9} 0} & GBOBo 8GO  Mala] Homled  @pelesn emliale)ma
D)l ) BAIDHHITN].

M dnydatom@i@mione RIAImammI v yBow 0OMaleMIhud elgyamile).
aasdailzyoesomoag) ayemi@ials:omveslsl avlemalalen)ands.
ailsyrerlalme 80) wyecles adlconam:z qumumRlailmo M SO IS BTNAD).
MU,)8)0 alGlaveAle Gouilaowl TV SHlEN M@)o AIOMAIUBTHMOTINWR BINBIENST.

AUOMalADI®  H00y@Bol@  avaglad oM@ aunomo  eMSIOBH0S}HHOM Moo
QTMICHNETBMOGT.

ai&)u3ailzgoe oave 9@ @RBEWEBUE AyHTIegled USGETINWS)HO)IN).

80600  clajavaijo aW&@d  alsjecmuod MOT® aloMo  ®MIBANGEO  agal
MUGANIHISNINIME. ‘

@RWIaldB MO GnNI0AUBHNBUD D2l B AN BOCBOIW] CMIANINYETE.
AIOM ORI ATIT3 @RLKTVMSHIETNE0)aN All33dMOe:08 WHletlconmBmoamS.
M) glm8 MSHHNS VBV VENBIMIANM TVCADOUNNS H00Y D6,

@RWYI al A mIdeg wlenyam A OMO0) (nduy e lawyo TVGam I alt nl} Q)0
ABOQSICHOETBIEM.

T B1@3 MIM ag)am)o MOBMIDajEmaN aleod@AlWo6.

- OO} @2 JS5N0 a10LNlNMNT AOMETIAT @YD BOENS.

AlOMo af)Sa |00 ARHAIDINIET afINOB:MNE ERWIINIMO DADDTMIWW OMIFIRIENT.



APPENDIX XXIV

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

SCALE OF ATTITUDE TOWARDS ACADEMIC WORK
(DRrRAET)

Dr. V. Sumangala Mumthas.N.S.
Reader in Education Research Scholar

Instructions

This is a test to measure the attitude of students towards academic work. For
this, 55 statements are given. Each statement is in such a way that, the responses can
be ‘Strongly Agree’{SA), ‘Agree’ (A), ‘Uncertain’ (U), ‘Disagree’ (D) or ‘Strongly
Disagree’ (SD). After reading each statement, please mark your response (SA, A, U,
D or SD) by putting an ‘X’ mark in the circle which denotes your response, against the
ordinal number of the respective statement in the response sheet.

If you feel that the answer marked is wrong, envelope that answer by a
rectangle ( [_1) and then mark your next choice of answer by putting ‘X’ mark.

1. Opportunities to participate in discussions on academic subjects should
not be wasted. : :

I never allow extra-curricular activities to hinder my learning.
Other activities are interesting than learning.

Leaming is an activity which is for examination purpose.

To me, learning without interruption is impossible.

A good student keeps a fixed time every day for learning.

No otk WD

It is important for me to learn any academic subject clearly and
thoroughly.

The success in examination depends largely on luck than on learning.

x

9. A student who concentrates only on leaming related activities looses his
valuable life experiences.



10.

11.
12.
13.

14.

15.
16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

ii

We experience mental happiness and contentment when we learn new
things.

Clearing the doubts of fellow students is aiso a type of leaming.
To take leadership in learning related activities is interesting.

A student who concentrates on learning and related activities only can
excel everywhere.

In schools, it is better to learn one or two subjects of our interest than of

learning six subjects at the same time
wainl
Learning is for getting a job.

Creative and imaginative activities be given more importance than
learning for mere acquisition of knowledge.

I am not interested in any activity, including learning which does not
give immediate results.

Learning is a boring activity.

Besides teaching lessons, teachers should give guidance on how to learn
also.

As physical and cultural contests have great importance now a days, co-
curricular activities should be given more weightage than curricular
activities. '

Discussions, debates and question sessions are the best times for day
dreaming. »

To read academic articles in periodicals is more interesting than reading
stories and novels.

[ am not interested in getting professions like teaching and research for
which reading is essential.

To eliminate boredom in school learning books of short stories and
novels should be there in school libraries.

‘Maximum use of school library’ should be given the foremost place in
co-curricular activities.

Reading should be a hobby to students.




27.

28.

29.
30.
31.

32.
33.

34.
35

36.

38.

39.

40.
41.
42.
43.

45.

iii

Pupils should attend with care educational programmes broadcasted in
radio, T.V. and news papers.

Even short breaks of time should be utilised for leaming and related
activities.

Our free time should be used for learning and related activities.
Unexpected holidays makes me happy.

Students should take part in quiz, discussions, and debates and not in
sports or games.

Learning should be student’s main activitiy and enjoyment.

I am not interested in making friendship with those who are indulged in
learning related activities only.

Interference of parents in leaming is intolerable.

There is no need to hesitate to approach teachers and friends to clear
doubits..

Only those students who take active interest in learning become teacher’
favourites.

The knowledge that we acquire from teachers is insufficient.

The insistence of teachers and parents to study even on holidays is
intolerable.

The Parent Teacher Association in schools aim at improving the

standard of schools.

I hate schooling.

Sitting in classroom for hours together leads to boredom.

School activities do not develop life skills.

Education in schools do not lead to personality development.
School education hinders the freedom that a student should enjoy.

Keeping school premises neat and clean is also a part of educational
activity.

ol



46.

47.

49.

51.

52.

53.

55.

iv

We should strive to raise the position of our school in academic
activities.

School education develops noble values in individuals.

Each day | feel happy when the school ends.

Homeworks given by teachers is a tedious work.

Students who neglect learning activities should be punished.

The frequent strikes at school make me happy.

We should willingly take up any work given by teachers.

[ am often a late comer in school.

Discipline in class is necessary for learning.

Teaching is a noble profession as leamning is throughout needed.
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APPENDIX XXY

UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION

SCALE OF ATTITUDE TOWARDS ACADEMIC WORK

Dr. V. Sumangala ' Mumthas.N.S.
Reader in Education Research Scholar
Instructions

This is a test to measure the attitude of students towards academic work.
For this, 40 statements are given. Each statement is in such a way that, the
responses can be ‘Strongly Agree’(SA), ‘Agree’ (A), ‘Uncertain’ (U), ‘Disagree’ (D)
or ‘Strongly Disagree’ (SD). After reading each statement, please mark your
response (SA, A, U, D or SD) by putting an ‘X’ mark in the circle which denotes
your response, against the ordinal number of the respective statement in the
response sheet.

If you feel that the answer marked is wrong, envelope that answer by a
rectangle (1) and then mark your next choice of answer by putting ‘X’ mark.

1. Opportunities to participate in discussions on academic subjects should not
be wasted.

Other activities are interesting thanlearning.

Learning is an activity which is only-for examination purpose.
To me, learning without interruption is impossible.

A good student keeps a fixed time every day for learning.

It is important for me to learn any academic subject clearly and thoroughly.

N S = LD

A student who concentrates only on learning related activities looses his
valuable life experiences.

8. We experience mental happiness and contentment when we learn new
things.

9. Clearing the doubts of fellow students is also a type of learning.

10.  Learning is mainly for getting a job.



11.

13.

14.

15.

16.

17.
18.

19.

20.
21.

23.

24.

26.
27.
28.

I am not interested in any activity, including learning which does not give
immediate results.

Learning is a boring activity.

Besides teaching lessons, teachers should give guidance on how to learn
also.

As physical and cultural contests have great importance now a days, co-
curricular activities should be given more weightage than curricular
activities.

Discussions, debates and question sessions are the best times for day
dreaming,.

To read academic articles in periodicals is more interesting than reading
stories and novels.

Reading should be a hobby to students.

Pupils should attend with care educational programmes broadcasted in
radio, T.V. and news papers.

Students should take part in quiz, discussions, and debates and not in
sports or games.

Learning should be student’s main activitiy and enjoyment.

I am not interested in making friendship with those who are indulged in
learning related activities only.

Interference of parents in learning is intolerable.

There is no need to hesitate to approach teachers and friends to clear
doubts. '

Only those students who take active interest in learning become teacher’s
favourites.

The insistence of teachers and parents to study even on holidays is
intolerable.

I hate schooling.
Sitting in classroom for hours together leads to boredom.

School activities do not develop life skills.
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APPENDIX XXVII
UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION
SCALE OF MATHEMATICS ANXIETY
Dr. V. Sumangala Mrs. Malini, P.M.
Reader in Education Research Scholar
University of Calicut Dept. of Education

The problems felt by you while learning mathematics are given

here in the form of statements. Read each statement and mark your
response in either of the forms ’Strongly Agree’ (SA), ’‘Agree’ (A),
‘Undecided” (U), ’‘Disagree’ (D), or ’Strongly Disagree’ (SD). For

this, you are given a separate answer sheet with five circles
labelled as SA, A, U, D, SD against each statement number.

If your response to a statement is ’“Strongly Agree’, put an X
mark on the circle below SA; if the response is 'Agree’, ‘Undecided’,
‘Disagree’, or ’‘Strongly Disagree’, put X mark on circles below A, U,
D or SD respectively.

Eg: Mathematics is tough to me than other subjects.

L %2

SA A U D SD
o) 0 e -4 o)
In this example, the X mark is on D. This means that the

student who answered disagrees to the statement.
Read each statement and mark your responses &as instructed above.
1. While doing mathematical problems, if I feel that thé teacher is
caring me then it will be difficult for me to proceed with.

2. When the mathematics teacher starts asking questions, I will
feel worry because of anxiety.



3.

12.

I feel upset if I do not follow reading mathematics lessons.

Cften I cannot do a problem in time because of the feeling that
I have gone wrong somevhere.

I make mistakes even when answering to gquestions which are

thorough to me.

While drawing mathematical figures the thought that the measures
taken by me may not be correct usually disturbs me.

I am ready to do mathematics problems in the blackbcard even if
I feel that I may go wrong.

In mathematics classes I like toc sit in the back row
avoid the teacher.

[%]
O
<]
(4]
I
(4]

I am unable toc do mathematics examination well even if I study
well.

I do not feel difficult on my attempts to keep better in
mathematics.

Evenafter many revised studies I am anxiocus at examinaticns
whether I could do the exam well.

Even 1f I have severe doubts I do not try to solve it for ( fear
that I may be viewed as a poor student.

The thought that I may goc wrong prevents me from doing
mathematics problems independently.

I am satisfied if the teacher does all the problems on the
blackboard sc that I can copy down.

Even petty mathematical calculations done at shopping times
becomes difficult for me when done in the classroom.

1 copy from the books cof my neighbour student bpecause of ths
fiear that the teacher may sccld me if I gc wrong.

i find it difficult to answer questicns in mathematics classes
gven when the answar 1s known to me.

I keep myself aloof from opportunities involving transactions of

given and take because of the fear that I may gc wrong in
calculaticns.



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

On the way of mathematics exam I usually have physical ailments
like fever, stomach upset etc.

I do not participate in quiz programmes because of the fear that
I may not be able to answer correctly.

While solving each new problem the fear whether I will be able
to do it as in the earlier classes usually upsets me.

The anxiety I have before the commencement of mathematics exam
do not bother me when the exam starts.

I always score lower marks in mathematics exam because of
anxiety.

Because of my ambition to score full marks in the exam nothino
hinders me in the way.

I cannot write even to the expected level in mathematics exam if
I am not prepared against anxiety.

I am anxious that it will be difficult for me tc pass
competitive exams in future if I have no sound knowledge in

mathematics.

I do not get upset even if I have to do several times to get
correct answer for mathematics problems.

The anxiety of exams won’t affect my studies in mathematics.

I forget the formulae at the time of exams due to anxiety even
if I study well.
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APPENDIX XXVII(a)
SCALE OF MATHEMATICS ANXIETY
DEPARTMENT OF EDUCATION
UNIVERSITY OF CALICUT 1993
SCORE SHEET

SA D SD SA U D SD
1 0 0 o] o) 16 O 0 0 0
2 0 0 0 0 17 0 0 0 0
3 0 0 0 o 18 0 0 0 0
4 o] 0 6] 0 19 0 0] 0 o)
5 0 0 0 0 200 © 0 0 0
6 0 0 0 0 21 0 0 0 0
7 o] 0 0 0] 22 0 0 0O 0O
8 0 0 0 0 23 o 0 0 0
g 0] O 0 0 24 o o} O o}
10 O o) 0 0 25 0 O O 0
M 0 o 0 0 26 0 0 0 0
12 0 o O 0 27 o} 0 O 0
13 0 Q (0] o 28 O 0 o) o
14 0 0 0 0 29 0 0 0 0
15 0 0 0 0
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UNIVERSITY OF CALICUT
DEPARTMENT OF EDUCATION 1996

SCALE OF ACHIEVEMENT MOTIVATION IN MATHEMATICS

Dr. V. Sumangala Vijayakumari. K

Reader in Education Research Scholar .
University of Calicut Department of Education
Instruction:

This is to measure secondary school pupils striving to attain expected goals
by lerning Mathematics. This has 42 statements and each statement can have 3
ways of responses viz.,, Always (A), Sometimes (B) and Never (C). Mark your
responses (A,B or C) with a cross mark ‘X’ in the circle against each item humber
under the column heading A,B and C in the separate sheet given. All statements
are to be responded. ‘

1. Ilike to do mathematical problems which others cannot do.

2. I'will learn difficult portions in Mathematics, even if it is time consuming,.

3. linsiston 1éarning mathematical lessons taught in the class on that day itself.
4. Idocopy home work in mathematics from others.

5. Ispend more time to learn Mathematics.

6. Everyday I put off my mathematics learning for the next day.

7. I workout problems in Mathematics text book which are not done in the
class.

8. Iam adament in completing the work assigned by my mathematics teacher
within specified time.

9. - Itis obligatory that I shall get good marks in Mathematics examinations.
10. All my friends are good at Mathematics.

11. When 1 fail to understand what I learn in Mathematics I think that, I need
not learn any Mathematics at all.

12. T am satisfied by my excellence in Mathematics.

-,



A

13.

14.
15.
16.
17.

18.

19.
20.
21.

22.

24,

25.

26

28.

29.

30.
31.

32.

33.

I feel satisfaction when I am successful in completing difficult mathematical
tasks.

I proudly show my mathematical ability in front of my peers.

I get depressed when others comment on my poor standard in Mathematics.
I have only inadequate opportunity for better mathematics learning.

I desire to be accepted in my mathematics class.

When | am successful in working out one problem, I tend to do the next
immediately. :

I respect those who perform well in Mathematics.
[ want, I should be the No.1 in Mathematics learning.
Others should consider me as a model in Mathematics learning.

Eventhough 1 am the top scorer in the class, 1 study Mathematics very
carefully.

Leadership in all mathematical activities will be on me.
I am sure that I will succeed in life through mathematics learning.

I like to sit in backbench in the mathematics class without being noticed by
anyone.

. I wish to have higher studies in Mathematics as much as possible.

I work hard to defeat bright students in Mathematics competitions.

I like to compete with students who are good at Mathematics.

I don't take part in competitions related to Mathematics because of the fear of
- under performance when compared to others.

I take part and win prizes in mathematical competitions.

I volunteer myself first when Mathematics teacher asks to do the problem in
the blackboard.

I like to know more about Mathematics related matters which are not in the
syllabus.

I get motivated in learning Mathematics by the small" bits of appreciation.

-

2




I

37.

38.

39.

10.

41.

42.

I utilize the opportunities maximum to enrich my mathematical knowledge.
I work hard to maintain my first place in Mathematics in the class.

Eventhough I study a small portion in Mathematics, [ insist to make it
thoroughly.

My achievement in Mathematics is the result of my hardwork.

I doubt whether my learning style is enough to achieve high grades in
Mathematics.

[ wish my friends clarify their doubts in Mathematics by asking me.

[ want to be the only person who can answer all the questions of my
Mathematics teacher.

I desire the teacher to ask me to help those who are poor in Mathematics

I want to be the leader in all the mathematical activities.
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Appendix XXIX
School-wise Distribution of Final Sample
Name ofthe choo Dot | tinont | onrmemet g T 1w
1. | St. Joseph's Higher Secondary School, Boys Urban Private 45 - 45
Thiruvananthapuram
2. L.M.S. High School, Vattappara Co-ed. Rural Private -- 38 38
3. | CP. Higher Secondary School, Kuttikkadu Co-ed. Rural Private 16 26 42
4. | Govt. High School, Yeroor Co-ed. Rural Government 22 21 43
5. | GHSS. Kodakara Girls Rural | Government - 38 38
6. | G.H.S. Puthukad Co-ed. Rural Government 31 -- 31
7. | AR Nagar High School Co-ed. Rural Private 22 21 43
8. | M.SM.H.S.S. Kallingalparamba ’: Co-ed. Rural Private 25 26 51
9. | Farook Higher Secondary School, é K Co-ed. Rural Private 42 - 42
College AT

10. | Government Ganapath V.H.S.S,, Fé;%ké Co-ed. Rural Government 23 26 49
11. | KK.V.M.P.HS,, Panoor Co-ed. Rural Private 18 18 36
12. | GH.S, Payyannur Co-ed. Urban Government - 4?2 42

Total 244 256 500
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