CERTAIN PSYCHOLOGICAL VARIABLES PREDICTING
MATHEMATICAL CREATIVITY AMONG
SECONDARY SCHOOL STUDENTS

Thesis
Submitted for the Degree of
DOCTOR OF PHILOSOPHY IN EDUCATION

By
MIDHUNDAS A M

Supervised by

Dr. K. VIJAYAKUMARI
Associate Professor

FAROOK TRAINING COLLEGE
RESEARCH CENTRE IN EDUCATION
UNIVERSITY OF CALICUT
2020



Dr. K. VIJAYAKUMARI
Associate Professor
Farook Training College, Calicut

CERTIFICATE

This is to certify that the thesis entitled “CERTAIN PSYCHOLOGICAL
VARIABLES PREDICTING MATHEMATICAL CREATIVITY AMONG
SECONDARY SCHOOL STUDENTS” is an authentic record of research work
carried out by MIDHUNDAS A.M., for the degree of Doctor of Philosophy in
Education, University of Calicut, under my supervision and guidance and that no
part there of has been presented before for any other Degree, Diploma, or Associate

ship in any other University.

Contents in the hardcopy and softcopy are the same.

Dr. K. Vij@kumari
Farook Training College (Research Supervisor)

23-12-2020

Dr. Vijayakumari .k
Associate Professor
Farook Training College
Farock College P.O
- Callicut - 673 632




Dr. K. VIJAYAKUMARI
Associate Professor
Farook Training College, Calicut

CERTIFICATE

This is to certify that the thesis entitled as “CERTAIN
PSYCHOLOGICAL VARIABLES PREDICTING MATHEMATICAL
CREATIVITY AMONG SECONDARY SCHOOL STUDENTS?” is an authentic
record of research work carried out by MIDHUNDAS A.M., for the degree of
Doctor of Philosophy in Education, Farook Training College, Research Centre in
Education, University of Calicut, under my supervision and guidance and that no
part thereof has been presented before any other Degree, Diploma, or Associateship

in any other University.

The thesis is revised as per the modifications and recommendations reported
by the adjudicators and resubmitted. Soft copy attached is the same as that of the

resubmitted revised copy.

-~

OQ\

Farook Training College Dr. K. Vijayakumari
Date :26.6%-2a2i (Supervising Teacher)
Dr. Vijayakumari .k

] Associate Professor
Farook Training College
Farook College P.O\,J
Calicut - 73 632



DECLARATION

I, Midhundas A. M., do hereby declare that this thesis entitled as
“CERTAIN PSYCHOLOGICAL VARIABLES PREDICTING
MATHEMATICAL CREATIVITY AMONG SECONDARY SCHOOL
STUDENTS” is a genuine record of the research work done by me under the
supervision of Dr. K. Vijayakumari, Associate Professor, Farook Training College;
and that no part of the thesis has been presented earlier for the award of any Degree,

Diploma or Associateship in any other University.

oK)
(Db
\\)
Farook Training College, Midhundas A.M

23-12-2020



Acknowledgements

This thesis has been brought together in its fioain with the support and
inspiration from various people and institutionss ke curtain to the work of my
Ph.D draws down, it is a pleasurable job to express thanks to all those who
contributed in many ways to the success of thidysaind made it an unforgettable
experience.

More than my desire to acquire a Ph.D., there were people who wanted
it more for me. They are with me, no more. | lbsin. | acknowledge and dedicate
this research work to my dear father Laflr. K.R Mohandas and my dear sister
LateMrs. Saymadas K.K for helping me dream big and achieve bigger things

At this moment of fulfilment, first of all | woulide to express my heartfelt
gratitude and admiration to my supervising teacBer K. Vijayakumari, Associate
Professor, Farook Training College, for her intelieal supervision with immense
knowledge and persistent motivation throughouttdmire of my study. Her sharp
guestions from each and every angle of the condeanea, critical analysis, and
unfathomable dedication towards research made rag more enthusiastic towards
research. Without her firm backing and mentorsktgs effort would not have been
completed to my satisfaction. Teacher always iesbime to think in a different
perspective. It has been amazing opportunity tangodoctoral research under her
masterly guidance and expertise. My joy knows nmbs in expressing my cordial
gratitude to Viji teacher.

| would like to express my gratitude Do. T. Mohamed saleem, Principal,
Farook Training College andDr. C. A. Jawahar, former Principal, Farook
Training College, for providing all necessary fatods and encouragement to
conduct the study.

| express my gratitude tOr. V. Sumangala, Former HoD & Professor in
Education, University of Calicut for giving permiss to use the tool ‘Test of
Mathematical Creativity, Test of Problem Solvingili§b in Mathematics and
Mathematics Anxiety Scale’ prepared by her forghesent study and for valuable
suggestions in the conduct of the study.



I would like to express sincere thank€Dio K. Manikandan, Professor and
Head, Department of Psychology, University of Qdlifor permitting to use the
tool ‘Locus of Control Scale’ of Dept. of Psychaotpdyniversity of Calicut for the
the present study.

I would like to express my gratefulness to alcteas who taught me so far.
| feel honoured to share my heartfelt thanks totla#d members of teaching staff of
Farook Training College. | thankfully reminisddrs. Sabira M, Librarian of
Farook Training College and | extend my sinceretigmde to all the non teaching
staff of Farook Training College for their supp@hd encouragement during the
study.

| am greateful to the heads of the institutioeschers and students who had
supported me in data collection. | am honouredé¢oaccompanied by a group of
aspiring young research colleagues. The supporvidexl by each and everyone,
especiallyMuneer.V andSaritha A.S is praiseworthy.

The inspiration and enthusiasm created in me byfamyly has been a
guiding light throughout. Mere acknowledgement camedeem the commitment |
owe to my dear mothavirs. Ajitha M K and my better halNimisha V K, my dear
sonMedwin N Das for all the support and encouragement they havergto pursue
my interests.

| profoundly thanks Bina Photostat, Calicut Unisigy for DTP, printing and
binding the thesis. Last, but not the least | askiedge my friends, relatives and all
those who have directly and indirectly aided in ptetion of this work.

Farook Training College MIDHUNDASA M



CONTENT

LIST OF TABLES
LIST OF FIGURES
LIST OF APPENDICES

CHAPTER TITLE PAGE No.

l. INTRODUCTION 1-17

Il. REVIEW OF RELATED LITERATURE 18 - 82

[l. METHODOLOGY 83 -129

V. ANALYSIS 130 - 162

V. SUMMARY, CONCLUSION AND SUGGESTION 163 -178
REFERENCES 179 - 213
APPENDICES 214 - 247




LIST OF TABLES

Table . Page
No. Title No.
1 Sampling Frame of the Study 88
2 Basal Sample selected for the Study 89
3 Details of item analysis of Mathematical Credyiviiest 94
4 Item - total correlation of Mathematical Creatvi est 95
5 Correlation coefficient for scores on dimensiongth
Mathematical Creativity Score 95
6 Scoring procedure for Originality 96
7 Cronbach Alpha coefficients for Fluency, Flexilil and
Originality 97
8 Discriminating power of items of Optimism Invento 100
9 Factors effecting Academic Stress of students 103
10 Seven dimension and number of items under eantngdions 106
11 Data and results of item analysis of Scale oad&mic Stress 108
12 Number of items based on types of problems 111
13 Data and results of item analysis of Mathemaiitsiety Scale
(N1=N2=100) 118
14 Item — excluded Alpha coefficient for the Mathagios Anxiety
Scale 120
15 Extent of Mathematical Creativity among Secowpd&chool
Students 132
16 Deciles for the total group and sub groups basedender,
Locale, and Type of management 134
17 Skewness and Kurtosis of the distribution of Wéatatical
Creativity 138
18 Pearson’s Product Moment Coefficient of Correfatand

Shared Variance {x100) for Mathematical Creativity and the
select Psychological Variables 139




Table . Page
No. Title No.
19 Correlation matrix of the select variables wittathematical

Creativity (N=700) 148
20 Statistics for ensuring Absence of Autocorrefati 149
21 Variation Inflation Factor of the predictor \atles 150
22 Value of R, R and Adjusted R for Model 1 152
23 Details of Regression Coefficients 152
24 Values of R, Rand Adjusted Rof Model 2 153
25 Details of Regression Coefficients b, Beta artduciure

Coefficient for Model 2 153
26 ANOVA details for the model with Problem SolviAdpility in

Mathematics 156
27 ANOVA details for the model without Problem Saly

Ability in Mathematics 156
28 Details of ANOVA for the Model excluding Mathetits

Anxiety 157
29 Details of ANOVA for the Model excluding Locug ©ontrol 159
30 Standardized Regression Coefficients, Strucoefficients

and Proportionate Reduction of Error of the predistriables

in predicting Mathematical Creativity 159




LIST OF FIGURES

Figure : Page
No. Title No.
1 Guilford’s Model of Structure of Intellect 21
2 Diagrammatic representation of the variables Iwvea in the
study 87
3 Breakup of thé&inal Sample 124
4 Histogram and Frequency Curve of the distributioh
Mathematical Creativity scores of secondary sclsiotdents
measured through Mathematical Creativity Test. (087 137
5 Scatter plot 0Of Zesigqua against Zredicted (Mathematical
Creativity). 149
6 Normal Q-Q Plot on the scores of MathematicakbGvey 151




LIST OF APPENDICES

Appendix No. Title
1 Details of the Participants of the Study
2A Mathematical Creativity Test (Malayalam)
2B Mathematical Creativity Test (English)
3A Optimism Inventory (Draft, Malayalam)
3B Optimism Inventory (Final, Malayalam)
3C Optimism Inventory (Final, English)
4A Scale on Academic Stress (Final, Malayalam)
4B Scale on Academic Stress (Final, English)
5 Test of Problem Solving Ability in Mathematics éyalam)
6 Matehmatics Anxiety Scale (Malayalam)
7 Locus of Control Scale (Malayalam)




Chapter 1

INTRODUCTION

Need and Significance of the Study
Statement of the Problem

Definition of Key Terms

Objectives of the Study

Hypotheses of the Study
Methodology of the Study

Scope and Limitations

Organization of the Report



Education is a tool for preparing the younger gath@en who are the pillars
of the future of the country and the world its@lhe sustainable development of a
country in every aspect- social, economic, techgiold, depends upon the quality
of education it imparts from elementary to higheu&ation. Quality education
ensures making the individuals more creative anddywstive. Through the
enactment of Right to Education Act (RTE, 2009)dignhas made a giant leap
towards quality education. RTE assures every ¢higdiundamental right to quality
education. It helps them to acquire basic literacgl numeracy, enjoy learning
without fear and feel valued and included, irrespecof where they come from
(UNICEF, 2000). Kothari Commission (1964) and NasibEducation Policy (2020)
also stressed the importance of Access to quatitycaion for every child. For
ensuring quality education, teachers have to plagmificant role in the process of
learning. They are expected to be dedicated andnitbed to develop motivation,
skill, values, and lateral thinking among studeatsd optimum utilization of
resources (Nagoba & Mantri, 2015). They have tauengverall performance of a

child to make him/her self sufficient and feel aggponsible member of the society.

Mathematics is the numerical and calculation pafrt man’s life and
knowledge. It plays a predominant role in the egtagylife of an individual and has

become an indispensable factor for the progressthef present day world.
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Mathematics reveals hidden patterns that help onentlerstand the world around
and is a strategic key in the development of thelesimankind. The knowledge of
mathematics helps a person at his workplace, eesahts mental abilities and

provides a better understanding of how the wortdiad him functions.

Identifying the significance of Mathematics in tlife of an individual, and
in the development of the country, various comroissi and committees have
reiterated the need of special attention in Math@®iseducation at school level
(Zakir Hussain committee, 1937; The Secondary HalutaCommission, 1952;
National Curriculum Framework, 2005). National Eafien Policy, 2020 has
highlighted the need of ensuring essential knowdedgd skill in mathematics at
school level citing the status of fundamental &tgr and numeracy among
elementary school students of India. Ramanujam AR@halyzed the status of
Mathematics education in India and commented thatcobuntry has to traverse in
some way to face the challenge of providing quahigthematics education for all at

school level.

Mathematics as a subject of study, is considesedl lkey to success in school
education. At the same time, the majority feelsitame amongst the most difficult
subjects for learning (Ramanujam, 2012). Matheraiictreated by many as an
inflexible subject that contains many equations amhningless manipulations of
numbers and symbols. A major reason for mathemé&tidse a herculean task for
students can be linked to teaching of mathemaltiagacludes lack of application,
innovation and technology, an obsession of givimgr@mphasis to the right answer

among teachers than the process of reaching atghieanswer, and rote learning.
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More stereotyped and mechanical approach to tegchathematics keeps the
subject away from the majority of students. Matheesdearning should be joyful,
meaningful and more process oriented so that leamal be engaged in the
learning process. Innovative ideas in teaching kaining make the learning
process more enjoyable and meaningful through exgarticipation of the child in

learning of mathematics.

The aim of teaching Mathematics at school level loa listed as practical,
disciplinary, cultural, aesthetic and social. Widspect to the disciplinary aims of
teaching mathematics, one can observe that, lepaofiMathematics disciplines the
mind and develops reasoning power among childremaghematics student will be
capable of using his power of reasoning in an ieddpnt way. The disciplinary
aims of mathematics learning also include develagé constructive imagination
and inventive faculties among learners, and helpiveglearner to be original and
creative in thinking. Instead of following rote taang in mathematics a creative
learning approach in which students are encourégede their creative and critical
thinking to make new, meaningful ideas, to takeésjsact independently with
flexibility are to be adopted which will make thesuccessful problem solvers.
Mathematics, through the meothod of problem solvwwayks as a platform for
developing creativity. The nature of problems, Weeys of solving them and even

posing problems open doors to creativity.

The former Indian president and one of the greignsists of India Dr. APJ
Abdul Kalam in an interview with India Knowledge @Wfton during Wharton-

India Economic Forum in Philadelphia expressedittes of a poem written by him
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as “Learning gives creativity, Creativity leads toinking, Thinking provides
knowledge, Knowledge makes you great”. The impasaaf creative thinking is
evident in these lines. The association of comptsneh knowledge can generate
enriched citizens. Essence of mathematics providesuitable platform for
developing creativity. Creative thinking in mathdios can bring changes in the
general view of mathematics. Exercising matheméduatps an individual to develop
the ability to manipulate ideas mentally in vari@igiations, to develop divergent

thinking and problem solving ability, leading tceativity.

Development of Mathematical Creativity is an intpot aspect of
mathematics education. Creative thinking involvesmgination, basic use of the
scientific method, problem posing, problem solvimgaking interpretations and
using symbols. As Cropley (1992) points out, thereonsiderable confusion about
the nature of creativity and there are at least mwggor ways in which the term is
used. On the one hand, it refers to a special &frtthiinking or mental functioning,
often called divergent thinking. On the other hasreéativity refers to the generation

of products that are perceived to be creative sigolvork of arts, music etc.

Need and Significance of the Study

Poincare (1948) believed that discovery in math@mas a combination of
ideas and stated that “there are a lot of thesebgw@tions but a few of them are
useful. In the process of finding these useful coeions, a great number of
combinations are constructed and then meaningfulbagations are distinguished
from meaningless ones”. Thus creating useful ma#iieal concepts through

combining previously known concepts or discoverumknown relations between
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mathematical facts can be considered as a creativeof doing mathematics
(Ervynck, 1991). Arriving at a rare solution thréugnfamiliar method to problem
than using a standard method can be taken as atenee of Mathematical
Creativity. Chamberlin and Moon (2005) considerddsérgent thinking as one of
prevalent descriptors of Mathematical Creativity’aycock (1970) described
“Mathematical Creativity as an ability to analyzegi@en problem from different
perspectives, see patterns, differences and siti@targenerate multiple ideas and

choose a proper method to deal with unfamiliar meidtical situations”.

Fisher (2004) has suggested a revisit to mathemaucation so that it
becomes new stairs to engage students with challgmgoblems and experiences
leading to creative problem solving. In order tokendhe learners prepared for a
future work force and cope up with a complex wavith emerging trends, creative
thinking is essential. American Council of Teachafs Mathematics (2000)
emphasized the need of challenging problems thatukite students to develop
diverse and sound ways of mathematical thinkingtaimk creatively. Many studies
have reported that the educational practices fatigwn many countries are not
appropriate for developing creative mathematicahking (Chan, 2007; Mann,
2005). National Curriculum Framework of India (20@biggested that creativity in
arts, literature and other domains of knowledge elasely linked together.
Education must provide means and opportunities ribarece a child's creative
expression. A major goal of an educational systefostering creativity, a dynamic

property of the human mind among students.
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The cognitive process dimensions suggested bysBewloom’s taxonomy
(Anderson & Krathwohl, 2001) include ‘creating’ #ee highest level of cognitive
process. They defined ‘creating’ as compile infaioratogether in a different way
by combining elements in a new pattern or propositgrnative solutions. In order
to reach this ultimate level of thinking, matheroatis to be learnt in a way that has
meaning and relevance, rather than memorizing ftaepaheorems and shortcuts. A
classroom that encourages students to think freatiout the insistences that are
expected in a normal mathematics class room isrt@gao be contributing to the
development of creative thinking in Mathematics @y Khazanchi & Nazarian,
2010; Perez-Tyteca, Castro, Segovia, Castro, Fdeza& Cano, 2009; Trujillo &
Hadfield, 1999; Ervynck, 1991). Creative thinkingomotes student engagement

and makes learning more interesting and meaningful.

Mathematical Creativity is defined by many in di#nt ways and there is no
uniqueness in the approach of researchers towardthevhatical Creativity.
Chamberlin and Moon (2005) define creativity in hehatics as “an unusual ability
to generate novel and useful solutions to simulateceal applied problems using
mathematical modelling”. According to the Interocatl Commission on
Mathematical Instruction (2004) Mathematical Cragyti is “the capacity of a
person to produce logical and imaginative numemdath are essentially novel and
previously unknown to the producer”. Meissner (2008s highlighted the need of
thorough knowledge in mathematics for the develogmef Mathematical
Creativity, as excellent knowledge in the contemliph individuals to make

connections between different concepts and typeasfofmation. Ervynck (1991)
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identified the role of creativity in mathematicsadvanced mathematical thinking as
helping to form reasonable inferences so that madiieal theories are formed and
new knowledge is generated. Rather similar to tBrgiaman (2004) cheractirised
professional mathematicians as having an exclusivenain of Mathematical
Creativity. By practicing mathematical accuracy dlneéncy, students are expected
to be more capable of expressing their creativekihg. According to Pehkonen
(1997) mathematics creative thinking is a comboratof logical and divergent
thinking based on intuition with a conscious aimariy researchers have supported
flexibility, fluency and novelty as the component$ divergent thinking in
mathematical problem solving and problem posingW8no, 2004; Haylock, 1997;
Silver, 1997; Krutetskii, 1976). These componeptpectively assess different parts
and are independent of each other. If creativekihgnis original and reflective, that
may produce a complex product. The levels of oveathinking are not easily

identified in the learning process of normal classms.

Research in the area of mathematics educatiolweys a key concern for
those who are engaged in the process of improvieg status of mathematics
education in the country. Banergy (2012) has madeveew on the researches in
mathematics education and found that the majoritystadies are conducted at
elementary level, especially on intervention sgee. At secondary level of
education, the need for studies on cognitive arfdcave gains of students is
highlighted in the report so that the curriculunm d@ structured more effectively.
Mathematical Creativity is a complex concept and ldooming area of research in
India. Review of the studies in the area of Mathrah Creativity revealed that

some studies focused on the relationship of acadeathievement and
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Mathematical Creativity (Bahar & Maker, 2011; Hun&i Changeiywo, 2009;
Karimi, 2000) where as researches by Tyagi (20K&yitha (2009) and Sriraman
(2005)focused on problem solving and Mathematical Crégtiany studies are
found to be reported on the relationship of Mathtrah Creativity with variables
like mathematics anxiety, intelligence, numericatitade, mathematical ability,
educational administration, intellectual involverhersocial involvement, self
concept, optimism, and so on. (Jinu & Vijayakuma?Q18; Midhundas &
Vijayajumari, 2017; Kanhai & Singh, 2016; Midhundd&s Vijayajumari, 2016;
Kattou, Kontoyianni, Pantazi, & Christou, 2013; &ekha, 2001; Tuli, 1980 &
Jensen, 1973). Efficiency of certain approacheshaods, techniques and materials
in facilitating divergent thinking and Mathematicagativity was the focus for many
studies which is found to be a trend among stuiieg1® century (Jinu, 2018;
Vijayakumari & Kavithamol, 2014; Sharma, 2013; && Mohd-Nor, 2010 &

Kwon, Park & Park, 2006).

Studies in the area of Mathematical Creativity amainly focusing on
correlates and methods to foster Mathematical iBat Studies focusing on
prediction of Mathematical Creativity are rare andst of the studies in this regard
focus on environmental variables and achievemefiiciéhcy of psychological
variables to predict Mathematical Creativity is naell explored. It will be
beneficial for mathematics teachers, curriculummpéas, school administrators and
parents if the variables contributing to MathensdtiCreativity of secondary school
students are identified and their relative efficignin predicting Mathematical

Creativity are calculated.
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Statement of the Problem

Mathematical creativity is an ability which is nohiquely defined and is
very difficult to be identified by an average cllagsn teacher. It is usually ignored
by the formal classroom practices but at the same ts an important aspect of
mathematics education. Personal, social and emaeotal factors may affect
Mathematical creativity. If the variables contriimgt to Mathematical Creativity and
their relative efficiency to predict the variable adentified, it will be easier to focus
on the creative ability of the child in mathematithe present study attempts to find
out the efficiency of some select psychologicalialdes to predict Mathematical
Creativity of secondary school students of Keralaus the present study is entitled
as ‘CERTAIN PSYCHOLOGICAL VARIABLES PREDICTING MATHEMATCAL

CREATIVITY AMONG SECONDARY SCHOOL STUDENTS

Operational Definition of Key Terms

In order to get a clear picture on the stateméthe problem, the key terms

involved are defined operationally and are givelowe

Psychological variables

The variables that are related to cognitive andtemal aspects of an
individual are known as psychological variablestia present study psychological

variables stands for a set of variables both cognéand affective viz.,

Problem Solving Ability in Mathematics
Mathematics Anxiety

Academic Stress
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Locus of Control and

Optimism

Predicting

The SAGE dictionary of Social Science Researchhiblés (2006) explains
predicting as “stating about what will be obserVeefore the actual event, a
foretelling of some future happening”. The Oxfondglish dictionary (2006) defines

predicting as “making a statement about the future”

In the present study predicting means the ahdltthe select psychological
variables to predict variation in Mathematical Gngty among secondary school

students calculated using multiple regression aigly

Mathematical Creativity

The ability to think divergently and to transferfarmation is essential to
creativity and creative ideas must be fluent, téxi capable of elaborating and
redefining problems (Guilford, 1967). Romey (197@gfined Mathematical
Creativity as an ability to combine mathematicatas, things, techniques and
approaches in a new way and analyze a given probi@m various dimensions.
Mathematical Creativity means making new matherabticombinations from
existing mathematical concepts, objects and elesnemt the present study
Mathematical Creativity is the total score obtainbg an individual in a
Mathematical Creativity Test developed by Midhundasl Vijayakumari (2017),

the components considered being fluency, flexijpdmd originality.
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Secondary School Students

In the present study secondary school studentstadents studying in VIII,

IX and X classes following Kerala state syllabus.

Research Questions

The questions answered through this study areolteing.

1. To what extent do the secondary school students Kefala are

Mathematically Creative?

2. Whether the select psychological variables areetated to Mathematical
Creativity?

3. To what extent the select psychological variablesdiot Mathematical
Creativity?

4, What is the contribution of each of the select psymgical variables in

predicting Mathematical Creativity?

Objectives of the Study

The objectives of the study are the following.

1. To find out the extent of Mathematical Creativitm@ng secondary school

students of Kerala.

2. To find out whether the select psychological vdeabare significantly

related to Mathematical Creativity of secondaryosdistudents.
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To find out whether Problem Solving Ability iMathematics is
significantly related to Mathematical Creativity ®&condary school

students.

To find out whether Mathematics Anxiety igsificantly related to

Mathematical Creativity of secondary school stugent

To find out whether Academic Stress is sigrantly related to

Mathematical Creativity of secondary school stugent

To find out whether Locus of Control is sifoantly related to

Mathematical Creativity of secondary school student

To find out whether Optimism is significantlyelated to

Mathematical Creativity of secondary school student

To develop a regression equation for predicting Hdatatical Creativity

among secondary school students with the selechpsygical variables.

To find out the relative efficiency of the selecyphological variables in

predicting Mathematical Creativity of secondarysalstudents.

Hypotheses of the Study

The hypotheses of the study are the following.

There exists significant relationship between R¥oblSolving Ability in

Mathematics and Mathematical Creativity of secopdahool students.
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2. There exists significant relationship between Matagcs Anxiety and

Mathematical Creativity of secondary school stugent

3. There exists significant relationship between Acaide Stress and

Mathematical Creativity of secondary school student

4, There exists significant relationship between Locok Control and

Mathematical Creativity of secondary school stugent

5. There exists significant relationship between Omimand Mathematical

Creativity of secondary school students.

6. The select psychological variables significantlyegict Mathematical

Creativity among secondary school students.

Methodology of the Study

Design

The study is a correlation research with predictesign and focuses

on prediction of the criterion variable with thdesz psychological variables.

Variables

The criterion variable of the study is Matmatical Creativity and the

predictive variables are

Problem Solving Ability in Mathematics
Mathematics Anxiety

Academic Stress
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Locus of Control

Optimism

Participants

Population of the study is secondary school stisdef Kerala and the
participants of the study are 700 ninth standaudesits taken from various schools
of Kozhikode, Wayanad, Kasargod, Palakkad, andafoltistricts selected using

stratified sampling technique.

Instruments

The data was collected using the following instratae

Mathematical Creativity Test (Vijayakumari & Midhdas, 2017)

Optimism Inventory (Vijayakumari & Midhundas, 2016)

Scale on Academic Stress (Vijayakumari, Sajmadadéidhundas, 2015)
Test of Problem Solving Ability in Mathematics (Sangala & Rinsa, 2008)
Mathematics Anxiety Scale (Sumangala & Malini, 1993

Locus of Control Scale (Kunhikrishnan & Mathew, 98

Statistical Techniques used

The collected data was organized and analyse@rath@ research questions
and objectives of the study. The hypotheses weatedeusing statistical techniques.

The statistical techniques used for analyzing tite dre given below.

° Descriptive statistics was used for knowing theeektof Mathematical

Creativity among secondary school students.
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) Pearson’s Product Moment Coefficient of Correlatioh was used to
estimate the extent and nature of relation betwdathematical Creativity

and the select Psychological variables.

) Multiple Regression Analysis was used to developequnation to predict

Mathematical Creativity using the select Psychalabvariables.

Scope and Limitations of the Study

The present study attempted to find out the psydichl variables that
predict Mathematical Creativity of secondary schostudents of Kerala.
Standardized tools were used with satisfactoryditsgliand reliability to measure
each variable. Study was conducted on a sampl®®fsécondary school students
from Kasargode, Wayanad, Kozhikode, Palakkad antiaiodistricts of Kerala.
The sample was selected using stratified samplieghrique. Adequate
representation of strata like gender, locality sype of management, was provided
to enable generalization of results to the entoputation. The present study is
expected to be a support to understand the pregaievel of Mathematical
Creativity among secondary school students of leerBhe study helps to find out
the most important variables among the select onegredicting Mathematical
Creativity among secondary school students of igerBhe findings of the study will
be useful for policy makers in planning programrf@sdeveloping Mathematical
Creativity. The results of the study are expectedba generalizable to students of

other states also.
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In order to make the study feasible, the sampfraghe was confined to
secondary school students of 19 schools from figtricks of Kerala. The basal
sample was 800 ninth standard students from thraid®omly selected schools. Due
representation was given to various strata whilecieg the sample to ensure the
sample as the best representative one. The studylimded to government and
aided school students and the unaided sectiongmasad. There are many variables
for predicting mathematical creativity; investigaselected only five psychological

variables for the study.

Despite the sincere efforts of the investigatomiake the study as objective
as possible some limitations have been inheritedhen study. As some of the
instruments are self reporting ones, the invesirgaécognizes the accuracy of
responses in these instruments need not be pédédt is not under control of the
investigator. Though the basal sample size was ®@0final sample is 700 due to

lack of cooperation of participants.

Organization of the Report

The report is presented in five chapters.

Chapter 1:

This chapter contains a brief introduction to theoblem, need and
significance of the study, statement of the prohldefinition of key terms, research
guestions, objectives and hypotheses, methodolsggpe and limitations of the

study.
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Chapter 2:

This chapter presents the conceptual overviewettdmncerned variables and

review of the related studies.

Chapter 3:

This chapter describes the methodology of the studiych consisted
Method, Design, Variables, Participants, InstruragBiata collection procedure and

Statistical techniques used for the study.

Chapter 4:

This chapter describes statistical analysis anerpnétation, discussion of

results and tenability of hypotheses.

Chapter 5:

This chapter deals with the summary of the studgjomfindings and

implications of the study and suggestions for ferttesearch.
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REVIEW OF RELATED LITERATURE

Theoretical Overview

Review of Related Studies



Review of related literature is an important cleggastic of any investigation
and it plays a vital role in any field of investigm. Literature review covers
reviews of earlier research studies conductederfitid of current research area. It
helps the investigator to get greater awarenessudlies undertaken in the field of
study and familiarizes him with the updates infie&l or area in which he is trying
to conduct the research. Through review of litegtine attains an insight about
methodology used, tools developed etc., and whitlguide to an improvement in
research design. Review helps an investigatordntify and to avoid duplication of
research in his field. Thus in depth analysis @&f éissociated literature will help a
researcher to experience the significance of ptesteidly and to develop a novel

insight to the same.

The present study tries to find out the efficierfycertain psychological
variables in predicting Mathematical Creativity argosecondary school students.
To have better awareness of the nature of studlyisnarea, the researcher has gone
through the relevant related literature. This ceagescribes the background studies
of the variables under study and tries to providetier awareness of the concept of

creativity.
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These are presented under two sections viz.,
23 Theoretical overview of Creativity and Mathemalticaativity

23 Review of related studies on Mathematical Creativéind the select

Psychological Variables.
Theoretical Overview of Creativity and Mathematical Creativity

Creativity is a universal and cognitive functiom think divergently and
create something new. According to Levin (1978)atiugty is a special form of
thinking. It is the ability to discover new solut® to the existing problems;
otherwise it can be producing new ideas, inventionsworks of art. It helps
individuals to solve complicated problems in thadty to day life. There are many
definitions for creativity with regard to processdaproduct but there is no globally

accepted one.

The word ‘creativity’ originated from an Indo-Eyean word ‘kere’ which
means ‘to create something’. Thus the epistemaodbgineaning of the word
‘creativity’ is ‘to develop something new’. Thinledevelop varying viewpoints

about creativity and hence some of the definitiareslisted below.

Galton (1870) defines creativity as a cognitivaligbof human beings to
think divergently and produce a number of origiaadl flexible responses to a set of

specified stimuli.
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According to Thurstone (1952) the novel ideas wofirdividual leads to
solutions. If he reaches to the solution in a snddesure as an instinct, he is said to

be creative.

Ausubel (1963) defines creativity as a generalizeshstellation of

intellectual abilities, personality variables ardidgem solving traits.

Newell, Shaw and Simon (1962) define creativity as unconventional
thinking which was initially vague and undefinetlldads to the formulation of a
clear solution which is highly motivated and peesis. This type of unconventional
thinking is termed as creativity. By them, the ®#&n and his culture have great

value. Since the task involved is of great intgndhe product has novelty.

Parnes (1992) defines creativity as the processioking and responding. It
is connected with our previous experience. It imeslresponding to stimuli such as
objects, symbols, ideas, people, situations, ethid opinion all the thinking process
should be result-oriented and it must end up withegating at least one unique

combination.

According to Sternberg (1988) creativity is a @ex which results into a
novel work, it is accepted as a tenable and uggdil According to him, the novel

work is satisfying at some point of time to a graipeople.

Theories on Creativity

The first scientific explanation of creativity wgsven by Guilford (1950).
He explained the construct creativity in genemalglation to the model of structure

of intellect (SOl model). Guilford explained therwustture of intelligence by
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proposing a three dimensional model by using tlagissical technique of factor
analysis. According to this model every intelligemactivity can be described in
terms of three different basic parameters such@egalion, Contents and Products.
Guilford identified five operations, five contemtnd six products. The dimension of
the act of thinking is divided into five kinds ofperations viz., evaluation,
convergent thinking, divergent thinking, memory @ognition.The contentefer to
ways of thinking more effectively about differeninés of information, such as
visual, auditory, symbolic, semantic and behavidta products refer to the kind of
information we process from content types. It corgta- units, classes, relationship,
systems, transformation and implication.Thus theximam number of factors in
terms of different possible combinations of thegaemhsions will be 5x5x6=150.
Each factor has a trigram symbol, one symbol easin foperation, content and

product. This model may be diagrammatically repmesat as figure 1.
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/ semantic =
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Figure 1.Guilford’s Model of Structure of Intellect

(Source:_https://madhavuniversity.edu.in/quilfotdisture-of-intellect-theory.html)
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Finke (1992) proposed the “Geneplore” theory, ihioh creativity takes
place in two phases: a generative phase, wherendimidual constructs mental
representations called pre-inventive structuresaamexploratory phase, where those
structures are used to come up with creative idéas.said that when people use
their imagination to develop new ideas, these idases heavily structured in

predictable ways by the properties of existing gaties and concepts.

Honing Theory developed by Gabora in 1997 propdkaticreativity arises
due to the self organizing, self mending natura @aforld view and that it is by way
of the creative process the individual hones aggiatted worldview. Honing theory
places equal emphasis on the externally visiblatiste outcome and the internal
cognitive restructuring brought about by the creafirocess. It focuses on not just
restructuring as it pertains to the conceptionhef task, but to the world view as a
whole. When faced with a creatively demanding téséte is an interaction between
conception of the task and the world view. The emtion of the task changes
through interaction with the world view, and the rdoview changes through
interaction with the task.This interaction is raterl until the task is complete, at
which point not only is the task conceived diffehgnbut the world view also is
subtly or drastically transformed. Another distirgiing feature of honing theory is
that the creative process reflects the naturaleiecyl of a world view to attempt to
resolve dissonance and seek internal consistenoypgshits components, whether

they be ideas, attitudes, or bits of knowledge.

Ward (2003) proposed Incubation theory in whicé term incubation is a

temporary break from creative problem solving e result in insight. There has
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been some empirical ‘research’ looking at whetlasrthe concept of ‘incubation’
implies a period of interruption or rest from a Iplem may aid creative problem
solving. Ward lists various hypothesis that havenbadvanced to explain why
incubation may aid creative problem solving andesotow some empirical
evidence is consistent with the hypothesis thatibation aids creative problem
solving in that it enables ‘forgetting’ of misleadi clues. Absence of incubation
may lead the problem solver to become fixed onpnagriate strategies of solving
the problem. This work disputes the earlier hypsithéhat creative solutions to
problems arise mysteriously from the unconsciousdmvhile the conscious mind is

occupied on other tasks.

Helie and Sun in 2010 proposed a unified framewiank understanding
creativity in problem solving, namely the Explitmyplicit Interaction (EIll) theory
of creativity. This new theory constitutes an atrat providing a more unified
explanation of relevant phenomena. The EIll Thealhes mainly on five basic

principles namely,

i) The co-existence of and the difference between i@kpand implicit
knowledge.

i) The simultaneous involvements of implicit and eeipliprocess in most
tasks.

iii) The redundant representation of explicit and inpkicowledge.
iv) The integration of the results of explicit and imjlprocessing

V) The iterative and possibly bidirectional processing
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A computational implementation of the theory waveloped and used to
simulate relevant human data. This work represers initial step in the
development of process based theories of creatigitgompassing incubation,

insight and various other related phenomena.

According to Hemisphere theory of Creativity, ¢reaacts are said to be the
result of interaction between the two hemispherfeghe individual’'s brain. This
theory gives quite a predominant biological baséh®oupusage and functioning of
creativity. The researches into hemisphere functgpof Clark (1983) and Kitano
and Kirby (1986) have demonstrated that creativdividuals are usually right

hemisphere dominant while logical, rational thirkare left hemisphere dominant.

According to the level theory proposed by Taylb®45), creativity may be
described as existing at five levels viz., ExpnessiProductive, Inventive,
Innovative and Emergenative in an ascending hibyaré person is said to be
creative to the extent that he is able to reacketHevels. Expressive Creativity
stands for spontaneous expression without referenoeginality and quality of the
products. At Productive Creativity level, a perssnable to produce something
innovative. Inventive Creativity level is marked the presence of ingenuity with a
clear emphasis on novel use of old things. In tim@Vative Creativity level, one is
able to develop new ideas or principles with thip teé highly developed abstract
conceptualizing skills. Emergenative Creativitythe level of creation where most
abstract ideational principles or assumptions Ugithgy a body of art or science are

used.
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Psychoanalytic theory of creativity by Frued (195&ys that sublimation of
repressed unconscious wishes, pregenital and riddidirges determine creativity.
They totally do not accept it to be an unconscifusction since unconscious
function is a stereotype. Hadamard (1945) gave rtapoe to the unconscious. He
says when somebody speaks, the thoughts are coasdat language is
unconscious. Freud (1976) proposed that the bdsa of psycho dynamic approach
was that creativity arises from the tension betwemmscious reality and
unconscious drives. In order to express an indaliduunconscious wishes
concerning power, richness, fame, honor, or loliere exists a tension between

conscious reality and unconscious drives.

The theory by Arieti (1974) represents the conteragy views about the
nature and meaning of the terms creativity, thatore process and creative output.
The author compares creative people and psychsticr@atives aim to change
reality for broader and more useful social purpasd self actualization whereas
psychotics transform reality within the frameworkhts private world regardless of
any purpose. A creative person enjoys good mengalth that energizes his
cognitive abilities to create something new. Theotly considers the creative
process as a ‘magic synthesis’ of the two modalitthe primary process and the

secondary process which can be termed as theafteprocess'.

The primary process originates in the primitivetpaf the mind called the
‘id"” and the ‘ego’. The secondary process is theeame of the developed mind and
involves logical and systematic thinking at the smaus level. In the words of

Arieti (1976), “In the creative process, both thesienary and secondary processes
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work in quite strange and intricate combinationgtisesizing the rational with the
irrational and thus instead of rejecting the pnweif the creative mind integrates it
with the normal psychological process. It is frofmist magic synthesis that

something new, novel, the unexpected and the désieanerges”.

Psychic creation model proposed by Barron (196%esses sub
consciousness and the model supports the popukwsviof creativity as a
mysterious process involving subconscious thoudgggond the control of the
creator. In contrast to the prominent role that samodels give to subconscious
processes, Perkin (1981) argues that subconsciensahprocesses are behind all
thinking and therefore, play no extraordinary rolecreative thinking. Inability to
describe the thought processes does not mean iipaiil control them. Phases

described by this model are,

Conception - In a prepared mind
Gestation - Time, intricately co-ordinated
Parturition - Suffering to be born
Bringing up the baby - Further period of developine

Seven-Step Model for Creative Thinking by Osbor@5@3), proposed orientation,
preparation, analysis, ideation, incubation, sysifi@and evaluation as the steps of

developing creativity. The Seven-steps can be dexstas

> Orientation - Pointing up the problem
> Preparation - Gathering pertinent data

> Analysis - Breaking down the irrelevant material
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> Isolation - Piling up alternatives by way of ideas
> Incubation - Letting up, to invite illumination

> Synthesis - Putting the pieces together

> Evaluation - Judging the resulting ideas

One of the earliest models of the creative progesattributed to Wallas
(1926). According to him, the process of creativstya combination of ideas that are
not generally associated together. He proposed d¢hesdtive thinking proceeds

through the following four phases.

> Preparation - Gathering Information
> Incubation - Setting problem aside
> lllumination - Seeing the solution

> Verification - Refining the idea

Preparation: The problem is analyzed and the pfaaction is formulated for its
solution. Relevant facts and materials are coltedteg reaching the solution. A

continuous effort is made to tackle the problem

Incubation:  The solution does not come immediaté&lye problem is put aside
for the time and the mind is directed to some otit@mnelThis stage of inaction is
called incubation. But the data collected are isoldelow the conscious level of the
mind. The unconscious mind continues to search and aislygovided for the

solution of the problem.



Review 28

lllumination: The clue leads to the third stagamely the stage of illumination. At
this stage, the searcher experiences a suddenrappeaof the solution to the

problem.

Verification: In this stage the new theme is clegtkut to determine whether the
solution emerging from the insight is the correcieoThe individual rethinks,

revises and refines the solution.

Guilford in 1967 proposed a distinction between wvasgent and divergent
production and it is commonly renamed as convergamt divergent thinking.

Convergent thinking involves a single correct dolutto a problem, whereas
divergent thinking involves creative generatiomuailtiple answers to set problems.
Divergent thinking is sometimes used as a synorgmereativity in psychology and
literature. He noticed that creative people tenéxbibit this type of thinking more
than others. He thus associated divergent thinkiityy creativity appointing it

several characteristics as

Fluency - The ability to produce a number of glea problem solutions in

a limited period. The fluency factors are,

I. Word fluency: This refers to the ability to generatords having a

specific letter or combination of letters.

il. Ideational fluency: This refers to the ability tonstruct ideas to meet

certain requirements. It makes something to wibigua

iii. Expressional fluency: This means the ability to ipleas into words.
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V. Associational fluency: It focuses on the completadrrelationships

in distinction from ideational fluency.

Flexibility - The ability to simultaneously proposevariety of solutions to a

specific problem. The flexibility factors are,

I. Spontaneous flexibility: It is defined as the dbilio produce a great
variety of ideas with freedom. What is measuretiésvariation is the

kind of responses.

il. Adaptive flexibility: This means a change in théenpretation of the
task, approach or strategy to a solution. This shio@st in the type of

problem that requires the most unusual type oftswiu

Originality — Originality means the ability to procde unfamiliar or
uncommon responses, remote combinations or cownsctor clever

responses.

Elaboration — Systematic organization of detailsifidea in hand and carry

it out.

Redefinition- It means defining or perceiving in a way differérdm the
usual established or intended way, use and soesheffition can be figural,

symbolic or semantic.

Sensitivity to problems It involves seeing defects, needs, deficiencies,

seeing the odd, the unusual and seeing what mudsirie
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Torrance (1960) defined creativity as “a proce$ssensing problems,
deficiencies, gaps in knowledge, missing elemedisagreement and so on,
identifying the problems; seeking for solutionsakimg guesses or making
hypotheses and possibly modifying and retestingnthend finally communicating
the results”. He identified four components throwghich individual creativity can

be evaluated. They are Fluency, Flexibility, Oradity and Elaboration.

Fluency means the ability to come up with manyedse ideas quickly. It is
the number of relevant and acceptable resporfSesibility is the number of
different categories or variety of responses. Migates how many ways an
individual responds to a particular stimulus. Itais indicative of the individual's
ability to respond to a similar situation, to thimka different mode and trying the
unknown. Originality is the ability to produce unusual orcommon responses,
remote combinations or connections among the maaties of the study. It is
measured as their infrequency of occurrence or lhoweé ideas generated among
the participants under studwhereasElaboration means the amount of detail
associated with an idea. It makes the productiodetédiled steps, with a variety of
implications and consequences. It is the abilitglaborate upon ideas and fill them

out with details.

Theories on Mathematical Creativity

Majority of existing definitions of Mathematicalr€ativity cited in literature
are vague and there is no globally accepted deimibf Mathematical Creativity.
However definitions of some mathematicians likeneare, Laycock, Ervynck and

Sriraman are worth noting and are noted below.
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French mathematician Poincare (1956) describedetemental aspect of
Mathematical Creativity as the ability to choosenfrthe large number of possible
combinations of mathematical propositions, a minic@lection that leads to the
proof. According to him, creating something in neatiatics is the association of a
lot of ideas, but a few of them are useful. Numblecombinations are constructed
for finding these useful combinations, useless aresneglected. In other words,
creating is the combination of forming, recogniziwgd choosing important from

them.

Laycock (1970) defined Mathematical Creativityths ability to analyze a
given problem in various angles, viewing patterobserving similarities and

generating a suitable method for dealing with unlfiammathematical problems.

According to Ervynck (1991) Mathematical Creafvits the ability to
generate mathematical objects. It involves thetmneaof a concept for managing
mathematical problems within a mathematical siaratHe says that mathematical
creativity possesses certain characteristics sactelational, selective and briefly
presentable. In his opinion, if an individual cessat useful mathematical concept by
associating known concepts or discovering unknowelations between
mathematical concepts. This act of finding new reatatical ideas or combinations

is considered as an act of doing creative Mathawnati

According to Sriraman (2004), Mathematical Cragtivs the process of
reaching in unusual and insightful solutions tavey problem, without considering
the level of complexity and the publication of amig results in a prominent

mathematical research journal. He explained MatliealaCreativity in terms of
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originality and usefulness. He distinguished Mathgoal Creativity between school
level and professional level which provides unusw@add new insights in
mathematical situations and idea of new associai@thool level. According to his
view; it is not practical for the identification @ndevelopment of Mathematical

Creativity in school students. However in the higlesels,

Mathematical Creativity can be defined as

1. The ability to produce original work that sigo#ntly extends the body of

knowledge.
2. The ability to open up venues of new question®ther mathematicians.
3. The process that results in novel unusual, &g solutions to a given

problem or analogous problems.

4, The termination of new questions or possibditirat allow an old problem

to be regarded from a new angle.

According to Investment theory proposed by Stembard Lubart (1995)
creative individuals are like good investors. Theative people are those who invest
a good time for understanding others to the inicingorth of their creative ideas.
The high sales value of creativity means they thers pursue their idea. In short,
creative people are the trend setters in the sockik distinct but interrelated
elements constituting creativity are intelligendenowledge, thinking styles,
personality, motivation and environment. By thedhg personality traits supported

to nourish creativity are willingness to take sblesirisks, overcome barriers,
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tolerate ambiguity, motivation, self efficiency,pgorting environment and reward
(Sternberg, 1988). According to the investment thexd Mathematical Creativity,

Mathematical Creativity is not just a simple totdlsix elements but it requires a
certain threshold of knowledge. Creative endeacars be encouraged with a high

level of motivation, if an individual is in a nongportive environment.

System theory of Mathematical Creativity by Csesanihalyi (2000),
views Mathematical Creativity as a process thablves the interaction between a
person, task and environment. Novelty or origiyadif creativity differs person to
person, task to task and environment to environmEms theory considers cultural
and social aspects of Mathematical Creativity nathan individualistic processes.
The field consists of individuals having any tydeirderaction or influence on the
domain. An observable interaction between the tlmraponents of a system viz.,
individual, domain and field are necessary comptmest system theory of

Mathematical creativity.
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Review of Related Studies

In the field of research, the researcher has ¢uiee up-to-date information
about what has been thought and done in the pktiatea from which the present
problem has been taken up. Hence a thorough suo¥eselated studies was

conducted.

The survey of related studies implies locatingidging, and evaluating
reports of relevant researches of published astigjeing through related portions of
Encyclopedias, and research abstracts, study otinpet pages out of
comprehensive books on the subject and going throelgted manuscripts, if any.
The researcher has to build upon the accumulatddresorded knowledge of the
past. Survey of related studies provides the inyastr with new ideas, theories,
explanations, hypotheses or methods of researchabl@ in formulating and
studying the problem. It enables him to know theanseof getting to the frontier in
the field of his research. It helps to formulat@dheses, which is the basis for the

entire research plan.

The present study has Mathematical Creativityhasctiterion variable and
Problem Solving Ability in Mathematics, Mathematidsxiety, Academic Stress,
Locus of Control and Optimism as the predictor atales. Studies related to these

variables are given under separate headings viz.,

X Studies on Creativity
X Studies on Mathematical Creativity

X Studies on Problem Solving Ability in Mathematics
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X Studies on Mathematics Anxiety
X Studies on Academic Stress
X Studies on Locus of Control

X Studies on Optimism

Studies on Creativity

The researcher had reviewed studies on Creatihigh is a much explored
one compared to Mathematical Creativity and it eélfo find the details of studies

on creativity in other dimensions.

Shrividhya (2014) conducted a study on scientifieativity among
secondary school students. The study was condoctedsample of 500 secondary
school students from Kannur District. Scientifieativity was measured using the
scientific creativity test by Pekmez, Aktamis arasKin (2009). The study revealed
that the scientific creativity is found to be natisfactory among secondary school

students.

Singh (2013) studied the intermediate influencadifievement motivation,
emotional intelligence and creativity on acadenthi@vement on a sample of 745
student-teachers. The study found that achievemetivation and creativity have
no direct influence on academic achievement, bubtiemal intelligence has

significant influence on the variable academic acbment.

Rani and Dalal (2013) investigated the relatiopdbeétween creativity and
achievement motivation of senior secondary studéiits data was collected from a

sample of 640 students selected randomly from #m@ows schools of Haryana
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State. The findings of the study revealed that tragiables creativity and

achievement motivation has no significant relatiops

In a study “Comparison of Creative thinking alet of high and low
achievers secondary school students” Anwar, ShamniRasool and Haq (2012)
attempted to examine the creative thinking abdite high and low achievers at
secondary school level. The result of the studyw&ibthat there was no difference
between high achievers and low achievers in terfnsreative thinking abilities.
However, girls and the students belonging to urbeeas found better in their

creative thinking.

Yadav and Wadhwa (2011) investigated the impactextivity on academic
achievement. The participants were adolescentsyisyidn English medium and
Hindi medium schools. The result shows that ther@a impact of creativity on
academic achievement. The girls and boys of Englisdium school possess more
creativity and they are good achievers than thks gind boys of Hindi medium

schools.

Baran, Erdogan and Cakmak (2011) conducted a sindhe relationship
between Creativity and Mathematical Ability of gigar old students. In this study,
data for creative ability were collected using Bowce Tests of Creative Thinking.
Data for Mathematical Ability were gathered usinghathematical test, measuring
aspects of informal and formal Mathematics. It fieasnd that there is no significant
relationship between Mathematical Ability and Cragt. Also there was no
significant relationship between Mathematical Aliland Creativity components

such as fluency, originality and elaboration.
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Alam (2009) examined the relationship between acad achievement with
creativity as well as achievement motivation. Tinalgses lead to the conclusion
that both creativity and achievement motivation éhav significant role on the

academic achievement of students.

Reddy (2008) conducted a study on the influencgeoider on creativity of
student teachers. The result of the study foundrtizde and female student teachers

do not differ significantly with respect to theneativity.

Kim (2008) in an analysis of the available litewrat on creativity reported
that the underachievement of gifted students maytiba to the interest and
unrecognized creativity. He is of the opinion thaany gifted students were

underachievers and up to 30 percent of high sath@pouts would be highly gifted.

Jacob (2007) investigated the relationship betwessativity and self
concept. The study revealed that there is a pesirrelation between creativity
and self-concept. The researcher highlighted tpeifssance of creativity and the

need for developing better and positive self-cohé@pdeveloping creativity.

Sreekanth (2004) in an analytical study about tbke of society in
development of creativity among children found tteg influence of society in the
form of parents, teachers and school administrasbuld consider the learner-

centric, learner-friendly views while developinggoulum.

Slavica (2004) conducted the relation between tisigg academic
performance and academic preferences. The studyiiha low positive correlation

between creativity and achievement in the sub sawipgirls. Also it was found that
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initial step in the acquisition of knowledge wilbmtribute to creative thinking of

students.

Mahapatra (2000) conducted a study on the effecéss of enrichment
programmes in developing creative expressionsesh@htary stages. The result of
the study indicated that girls were found to betdyein developing composition
writing when compared to boys. It also showed tia experimental treatment
using enrichment programs had a positive impadheroverall performance of the

children.

Kumari (2000) conducted a correlational studyffoding the correlates of
Creativity and nurturing the creative potential.eTBample of the study was
collected from pre-school children. The study réeea that intellectual
characteristics, language characteristics, socidlaracteristics and home

environment have a significant effect on creatiaty it's fostering.

Adey (1999) examined the influence of Cognitivec@leration through
Science Education (CASE) program on Scientific Gvdg. The participants were
secondary school students and Scientific Creatiwgs measured by Scientific
Creativity Test. The study showed that the progranomoted the overall
development of Scientific Creativity. However thiéeets on different aspects of

Scientific Creativity varied significantly.

Sunitha (1997) investigated creativity in relatiado Achievement in
Malayalam. A sample of 500 secondary school pupds selected for the study.

The data was collected using Generalized Achievénmest in Malayalam for
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secondary classes and a comprehensive Test ofiitseathe result of the study
indicated that creativity and its subcomponentsehaignificant relation with

Malayalam Achievement.

Dahiya (1995) examined the effect of mastery legrnstrategy on the
creative abilities and achievement in Mathematitise data was collected and
analyzed from the sample of seventy students afrgtry schools from Delhi. The
conclusion of the study showed that the group @ilpuaught mathematics through
mastery learning strategy has shown significantghér gain in verbal creativity
and non verbal creativity than the group of pupdsght mathematics through

conventional methods.

Remadevy (1993) examined the relationship betwatitude towards
science and creativity in the science of secondahool pupils. The data was
collected from a sample of 704 secondary schoolilgudpm different schools
selected by stratified random sampling from thrstridts of Kerala. The findings of
the study revealed that there exists a positivaifstgnt relationship between

attitude towards science and creativity in science.

Prasad (1993) investigated the influence of gewnlifézrence on creativity.
The data collected from 40 boys and 40 girls othsigtandard students in two
Navodaya Vidyalaya of Orissa. To collect the datardnce Test of Creative
Thinking was used. The finding of the study revdalkihat the girls differ
significantly in the measures of originality frommetboys. In all the other creativity

components gender difference is not present.
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Jain (1992) conducted a correlational study oratorgy in relation to
teaching aptitude, skills and personality varialiédeachers. The findings of the
study indicate that there is a positive and higsilynificant correlation between

creativity and classroom creativity, teaching ajote and teaching skills.

Sreekala (1991) investigated the effect of certatititude variables and
intelligence on the creativity of secondary schpopils of Kerala. The study was
conducted on a sample of 750 secondary school ufile major findings of the
study are that the main effects of attitude towardghematics, towards problem

solving, towards education and intelligence ontivésg are significant.

Naja (1989) conducted a study on the relationg@fween the factors of
creativity and achievement in Mathematics. Theigigdnts of the study were nine
hundred and sixty ninth standard students seleasedg the stratified random
sampling technique. The results of the study shothedl an increase in creative
thinking was attended by a corresponding increasethie achievement in
Mathematics and creativity has a determining infkee on achievement in

Mathematics.

Chandini (1989) examined the efficiency of someiadamilial variables in
predicting creativity. The sample of the study w88 secondary school pupils from
Ernamkulam and Thrissur districts of Kerala. Thadgt found that the social
familial variables, home learning facility, familgcceptance of education, family
cultural level and family environment selected floe study were low inefficient to
predict creativity and its components like verbedativity, figural creativity and

symbolic creativity of secondary school pupils.
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Sukla and Sharma (1987) conducted a study todirtdhe level of creativity
components in middle school children. The Samplé¢hefstudy consisted of 230
urban, rural and refuge children. The scientifieativity test was administered to
track the level of various creativity componentshsas fluency, flexibility and
originality. It was found that the rural pupil sedrhigher in fluency than the refuge
pupil. It was also revealed that the tribal pugdilows low score in creativity

components.

Joshi (1981) studied the creativity and persopdlidits of intellectually
gifted children. It was concluded that for urbampplation high achievers are highly
creative and no correlation was found between aehient and creativity in rural

population.

Badrinath and Sathyanarayana (1979) conductedrelatonal study among
high school students to find the correlates oftoriég. It was found that students of
first, second, third and fourth birth order do wdter significantly with respect to

their creative scores.

Srivastava (1977) conducted a study to find ot rblationship between
creativity with birth order and the number of gilgjs. The data was collected from a
sample of 543 urban and 354 rural students oftdredard ten. The study found that
birth order of the subjects has no impact on thesativity scores. However, the
number of siblings in the family was reported to gesitively and significantly

correlated with creativity scores.
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Studies on Mathematical Creativity

In his study Analysis of Mathematical Creativity mathematics learning is
open ended by Isnani, Waluya, Rochmad, WardonoO)2@8alyzed the location,
causes, and types of student errors in doing OpeledE Real Analysis test
guestions through the use of the Newman Error AmlyNEA) medium. The
sample of the study taken from students of Realysmacourses in the Mathematics
Education Study Program at Pancasakti Universiggal, Indonesia. The result of
the study showed that injecting the creative attaraof students from the beginning
of entering college, students are allowed to pcadtioth formally and informally to
work on high-level questions for about five semesstéhereby creative ability in

mathematics are formed.

Lim, Ismail, Yudariah and Yusof (2019) in their pdaratory researclon
fostering Mathematical Creativity among engineenmglergraduates, tried to find
out influence of creative problem solving towardsthematical Creativity among
the engineering undergraduates. Case study methsdiged for a deep explanation
of three final year electrical engineering studefise research findings revealed
that engineering undergraduates were able to gendrierent creative methods
with the help of the SCAMPER- Substitute, Combikedify, Adapt, Put to other

uses, Eliminate and Rearrange.

Jinu and Vijayakumari (2018) conducted a corretal study on influence
of gender and intelligence on Mathematical Cregtivihe study was conducted on
250 upper primary school students from Governmelnoals of Kerala state among

which 142 were male and 108 were female studerits.data was analyzed using
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Pearson’s correlation coefficient, two way ANOVAdatitest. The findings were
that there is a positive moderate relationship betwMathematical Creativity and
Intelligence and, no gender difference exists ia telationship between the two

variables.

With a sample of 24 eighth grade pupils from salvechools, Jarmas and
Raedi (2017) studied Mathematical Creativity amemrgellent eighth grade pupils.
The findings showed that there are differences éetwthe pupils regarding

flexibility, originality and fluency and all studenpossess high level achievement.

Walia and Walia (2017) developed a Mathematicadafivity test. The
sample of the study was 288 eighth grade studehtKuoukshetra district of
Haryana. Split- half reliability was found to be9.8vhich is significant. Content
validity of the test was determined by the teacheosn different schools and
concurrent validity Product moment correlation waed to determine Concurrent

validity. It was found 0.50 which is significant.

Tyagi (2017) conducted a study on Mathematicala@rgy, Mathematical
Intelligence and the causal relationship betweemthA sample of four hundred and
thirty nine students of age group eleven to fourteere selected as participants of
the study using the technique of random clusteftgthematical Creativity among
the students was measured using the test of Matiw@in€reativity developed by
Singh (1985). There are five types of activitieegant in the test are patterns, new
relationship, nine-dot areas, subject and simiéeit The results of the study
revealed that there is no significant unidirectiosausal relationship between

Mathematical Creativity and mathematical intelligenbut there exists a symmetric
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relation between the two variables. It was alsoeaded that mathematical

intelligence is a cause of Mathematical Creatiaityl vice versa.

A correlational study by Akgul and Kahveci (201dpalysed student’s
mathematics self-efficacy, their metacognitive Iskilin mathematics and their
mathematics achievement in relation to their Mathigral Creativity. 445 gifted
and talented middle school students from 13 SciamckeArt Centers were selected
for the study. The study found that Mathematicaa@ivity is significantly related
with mathematical achievement, mathematical metaitiog skills and self-efficacy

in mathematics.

Vijitha (2016) conducted a correlational study thre spatial ability and
Mathematical Creativity among higher secondary sthtudents. The sample of the
study was 281 male and 338 female higher secorstdigol students. The findings
of the study revealed that there is significantijpas correlation between spatial

ability and Mathematical Creativity of higher sedany school students.

Singer and Voica (2015) examined the Mathemaftlrahtivity of fourth to
sixth grades high achievers in mathematics in icelato their problem posing
abilities in geometry. The study found that thedstits showed a kind of cognitive
flexibility which is mathematically specialized. Rhematical Creativity of the
students is presented itself during problem posiogtexts through a process of
abstraction- generalization based on small, increahechanges of parameters so

that synthesis and simplification are achieved.
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Jaleel and Titus (2015) conducted a study to fietionship between
Mathematical Creativity and Achievement of studeattsecondary level. The data
was taken from 240 secondary school students tdrdiit schools from Ernakulam
and Thrissur districts of Kerala State. Pearsonm@déct Moment Coefficient of
Correlation was used to explore the correlatiore fidsult of the study showed that
there exists significant positive relationship betw Mathematical Creativity and

Achievement of students at secondary level.

In a study on an Educational program of Matherahtreativity, Petrovici
and Havarneanu (2015) attempted to find out thecaffeness of educational
programs on Mathematical Creativity. Participamisthe study were non-voluntary
students of classes IV, V and VI of an urban schiwdasi, Romania. The findings
of the study indicated that the educational inniovaprograms help students to

develop extrinsic motivation in Mathematical Cregyi activities.

Ibrahim and Irawan (2015) conducted a study orctiffeness of peer
tutoring to increase Mathematical Creative thinkalglity of class ninth students.
The study found that the group of students who ugeedr tutoring approach

improved the creative thinking in mathematics.

Vijayakumari and Kavithamole (2014) examined dffeamess of Mind
Mapping technique in developing Mathematical Cregti The study was
conducted on a sample of 100 students (with 50estisdeach in the experimental
and control groups) of higher secondary school esitgd of Kerala. Mathematical

Creativity was measured using the test of MatherabCreativity by Sumangala
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(1998). The result of the study showed that Mindoplag is an important tool for

developing Mathematical Creativity.

Kattou, Kontoyianni, Pitta-Pantazi, Christou aniéabthous (2014) in their
study on predicting mathematical creativity exardi@enumber of cognitive factors
such as mathematical ability, Intelligence, workingmory, speed and control of
processing that may predict creative ability in nematics. The participants of the
study were 359 fourth, fifth and sixth grade eletagnschool students in Cyprus.
The findings of the study were that mathematicalitglcan predict Mathematical

Creativity and other factors were not found to prechathematical creativity.

Aizikovitsh-Udi (2014) attempted to find out thetent of Mathematical
Creativity and aesthetics in Solving Problems amatgdents attending the
mathematically talented youth program. The studg wa 57 eighth grade students
attending the Mathematically Talented Youth Progrdine findings showed that
whether these students are solving the problembs wdrity but they failed to

develop high level of Mathematical Creativity arebthetics in their solutions.

Sharma (2013) examined the effect of divergentheraatical exercises,
creativity and their interaction on Mathematicae&tivity of the students. The study
was experimental in nature with pre-test post-tesitrol group design. The sample
consists of 127 class IX students of age rangioghfi4 to 17 belonging to six
different schools of Jalandhar district. Moghe test creative thinking in
Mathematics was used for calculating Mathematicada@vity and Passi tests of
creativity for creativity. Data were collected aadalyzed with the help of 2x2

Analysis of Covariance. The result of the study icated that divergent
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mathematical exercises were effective in fostefit@thematical Creativity when
groups were matched on pre-test of Mathematicahttnigy. Creativity was found
to be a significant correlate of Mathematical Creigt It was also revealed that
when groups were matched with respect to the @teMathematical Creativity was

independent of interaction between treatment aeditistity.

Sebastian (2013) conducted a correlational studgng 992 secondary
school students about the relationship between &madlical Creativity and
achievement in Mathematics. Mathematical Creatitest and Achievement test in
Mathematics were the tools for data collection. Tihdings of the study revealed
that a significant positive relationship exist beém the two variables Mathematical

Creativity and achievement in Mathematics.

Lew and Cho (2013) investigated the relationshigtwieen creativity,
motivation and creative home environment. The sanagblthe study consisted of
150 students taken from five kindergartens and vetadistically analyzed. The
study revealed that there is significant positieéationship between the intrinsic
motivation and the creative personality. Also itswaund that there is no significant
relationship between the intrinsic or extrinsic ivation and the creative thinking
ability, significant relationship was observed foreative thinking ability and

creative personality with the creative home envment.

Leikin and Lev (2013) studied the relationshipwesn mathematical ability
and mathematical creativity in secondary schooldobin. They also examined
relationships between mathematical creativity, gangiftedness and excellence,

explored creativity of adolescents with superiorthmeanatical abilities, and the
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power of different types of Multiple Solution TasdSTs) for the identification of
between-group differences related to mathematieadtivity. The sample consisted
of 184 students (16-18 years old) divided into foonajor experimental groups
according to varying combinations of the levelertellence in school mathematics
(EM factor) and of general giftedness (G factorfidAionally 7 students (16-18
years old) with superior mathematical abilitiesM&) took part in the study. The
data was collected by means of written tests addviotual interviews. The result
indicated The G and EM factors are interrelateddiffiérent personality traits. The
G and EM factors have different main effects onfgrerance on different
mathematical tasks. The G and EM factors interacthe flexibility criterion and

identical tasks reveal different effects of ther@d &M factors.

Kattou, Kontoyianni, Pantazi, & Christou (2013)ndocted a study on
connecting Mathematical Creativity to mathematiaility. Sample of 359
elementary school students from Cyprus were seledte the study. This
requirement was due to the fact that the instrumemre presented and solved in
electronic form. The study showed that Mathemati@adativity and mathematical

ability is positively related.

Betty (2013) investigated Mathematical Creativignd Ability for
fundamental mathematical operations of primary stlstudents with dyscalculia.
The Sample selected for the study was 2024 prinsahool students from 50
schools of Ernakulum District. The study found tigscalculic and normal students
differ significantly with respect to Mathematical reativity and ability for

fundamental operations.
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Githua and Njubi (2013) studied the effects ofcpicing Mathematical
Creativity enhancing learning/teaching strategyirdyrinstruction on secondary
school students’ mathematics achievement by genderKenya’'s Nakuru
municipality. The population consisted 2 studentgeda 16 years in sampled
secondary schools of Nakuru Municipality. The Matla¢gics achievement Test was
used to test mathematics achievement. The resutheofstudy showed that the
students who learned through mathematical cregtemhancing learning/teaching
strategy attain high scores in maths than those ledumed by traditional method
and there is no gender difference in score of nma#ites attained through

Mathematical Creativity enhancing learning/teaclstrgtegy.

Sambo and Ibrahim (2012) investigated MathematCedativity to find
whether every child is born mathematically creatorenot. The study revealed

training in creativity has been found to improved&nt’s creativity.

Bahar and Maker (2011) examined the relationsleijppvéen Mathematical
Creativity and Mathematical achievement. In the dgtustudents’ score in
Mathematics was correlated with ‘lowa Test of BaSkills' (ITBS) and the
‘Comprehensive Tests of Basic Skills’ (CTBS). ITBS8luded measures of problem
solving, data interpretation, Mathematics conceggtimation and computation. The
CTBS was used as a measure of Mathematical achentem Mathematical
concepts, estimation and computation. It was fotlnad there exists a positive and
significant correlation between Mathematical Cnagti and its components-
originality, fluency, flexibility, elaboration-wititMathematical achievement in both

ITBS and CTBS tests.



Review 50

Fetterly (2010) conducted an exploratory studythef use of a problem-
posing approach to pre-service elementary educateacther's Mathematical
Creativity, beliefs, and Anxiety. The participamtfsthe study were juniors entering
into the elementary education program at a reseisitution in the south-east
region of the United States and were assessed ubmgCreative Ability in
Mathematics, Mathematics Belief Questionnaire, @eneral Assessment Criteria,
and the Abbreviated Math Anxiety Scale. The findirgf the study revealed that
intentional experience to Mathematical Creativigvelops elementary pre-service
teacher's Mathematical Creativity and also intamtioexperience to Mathematical
Creativity decreases elementary pre-service teacihdathematics Anxiety. Also
mathematical beliefs are not a predictor of elem@mgntpre-service teacher’s

Mathematical Creativity.

Yaftian, Nadjafikhah, Bakhshalizadeh (2010) corddca study about
Mathematical Creativity and mathematics educatiohiclv shows effective
characteristics of mathematical creativity and dbses how creativity in
mathematical developments could be occurred. Tidysthowed that the learners
do not think of mathematics as a neat, clear, aptioit subject at the beginning and
they may dare risk, mistake and make effort to loeeative person in mathematics
and, they are able to play their role in generatiegy mathematics and taking part in

active mathematics learning.

The relationship between Mathematical Creativityd aAchievement in
Mathematics was examined by Talawar and Madhusatha(2010). The

participants were six hundred students from difiefénglish medium schools in
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Bangalore. The results indicated that there isgaifstant positive relationship

between Mathematical Creativity and achievememathematics.

Nisha (2010) explored the influence of commerez&dilearning materials for
the development of creativity in Mathematics in @setary school students. The
sample of 607 secondary school students and 31 evfettics teachers from 7
districts in Kerala state were selected for thedgturhe conclusion of the study
revealed that opportunities and platform for thevellgoment of Mathematical
Creativity was provided, the utilization of commatized learning materials acted
as a barrier for the development of creativity imthematics in secondary school

students.

Leikin and Lev (2007) conducted a study in schduldren and introduced
multiple solution tasks as a tool for measuring hdatatical Creativity. Students are
of three different ability groups such as Giftedofiient (non-gifted), and regular
were instructed to solve problems in different wayen-gifted proficient students
show difference in the nonconventional task conmgbare their gifted peers but
presents similar results in doing the conventioteslk. Gifted and non-gifted

students differed meaningfully in all parameteosirregular students.

Sak and Maker (2006) investigated the developrhemtaiations in
children’s creative Mathematical thinking as a fime of schooling, age and
knowledge. A mathematical test was administerednteasure mathematical
knowledge and divergent production abilities such aiginality, flexibility,

elaboration and fluency. It was found that knowkedhgis a significant contribution
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in describing variance in divergent production iéieg such as originality, flexibility

and elaboration in fourth and fifth graders.

Purpose of cultivating divergent thinking in mattaics through an open-
ended approach by Kwon, Park and Park (2006) waevelop a program to help
cultivate divergent thinking in mathematics basedopen-ended problems and to
analyze its effect by using a method of pre- anst-pesting. The result of the study
indicated that the treatment group students pesddripetter than the comparison
students overall on each component of divergenhkihg skills, with the
components fluency, flexibility, and originality.n@ developed program can be a

useful resource for teachers to use in developiag students’ creative skills.

Hong and Aqui (2004) have suggested that conteatvledge is a crucial
factor for Mathematical Creativity. He also opingldat creative students in
mathematics are more cognitively resourceful thairtpeers who achieved high

grade in school mathematics.

Banerjee (2003) conducted a comparative study el sncept and
cognitive style of creative and non-creative stuslefhe sample of the study
consists of 560 school students from seventh agdtleistandard. Grade-wise
comparison showed that students of seventh staral@delatively higher than
eighth standard in cognitive style and self concEleince it revealed that cognitive
style and self-control are independent of gradeials also revealed that there exists
a significant positive correlation in cognitive lgtyand self concept with creativity.

Major findings were that the factors discriminatimgtween high, moderate and low
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creative are fluency, both verbal and non-verbabetation and originality.

Cognitive style did not significantly discriminabetween creativity groups.

Sreerekha (2001) examined the relationship betwseif concept,
intelligence, Mathematics Creativity and achievetriarmathematics of secondary
school pupils by using the test on Mathematicab@véy, scale on self-concept and
Intelligence test using Raven’s colored progressnadrices. The findings of the
study pointed out that intelligence and MatheméatCeeativity related positively

and significantly with mathematics achievement.

Resmi (1997) examined the interaction effect of tideatics study
Approach and Mathematical Creativity on Achievement Mathematics of
secondary school pupils in Kerala. The study cés€is600 ninth standard students
from three districts. Test of Mathematical CreayiviMathematics study approach
and achievement test in Mathematics were useddibeation of data. The study
revealed that there is no positive correlation leetwwmathematics study approaches
with Achievement in Mathematics. However there &xia significant positive

correlation between Mathematical Creativity and idgement in Mathematics.

Haylock (1997) conducted a study among secondenpad students for
recognizing Mathematical Creativity. The study skdwhat students with same
degree of mathematical achievement have significkfiférence in Mathematical
Creativity and mathematical ability. The generahaasion of the study enlighted

that several factors differentiate Mathematicalafixgty from mathematical ability.
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George (1994) investigated the Mathematical Criwatof secondary school
students in relation to their intelligence and neathtical achievement. A sample of
8000 secondary school students was selected fatdldg. The finding of the study
revealed that there exists a significant and pasitbrrelation between Mathematics

creativity and Mathematics achievement.

Haylock (1987) studied the aspects of MathematiCetativity among
children of age of eleven to twelve. It was repdrtbat children may show a
fixation in Mathematics and the fixation may prawisome self restriction that may
cause them to fail to solve problems. He suggetitatl mathematical attainment
limits the pupil’s creativity but does not determiit. Low attaining pupils who do
not have sufficient mathematical knowledge and Iskdemonstrate creative
thinking. In highest attaining group there is angigant number of pupils who show

very low level of these kinds of creative thinkimgMathematics.

Singh (1985) assessed Mathematical Creativity gntbe students by using
the test of Mathematical Creativity. There are fiheds of activity in the test such
as patterns, new relationship, nine-dot areasgestibnd similarities. The results of
the study revealed that there is no significantduwectional causal relationship
between Mathematical Creativity and mathematicélligence. However there
exists an equilibrium relationship between the tvemiables. It was also revealed

that mathematical intelligence is a cause of Matitéral Creativity and vice versa.

Tuli (1980) conducted a correlational study amawool students for

studying Mathematical Creativity in relation to igde and achievement in
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mathematics. It was found that Mathematical Créstig significantly correlated to

aptitude and achievement in Mathematics.

Jensen (1973) investigated the relationships anvatematical Creativity,
numerical aptitude and mathematical achievementwds suggested that the
possibility of Mathematical Creativity as an adolital evidence for student’'s
Mathematics performance. The study found that naddbr high correlation exist
among the constructs Mathematical Creativity, nucaéaptitude and mathematical

achievement.

Studies on Problem Solving Ability in Mathematics

Sonia and Bindu (2017) conducted a correlationatlys on relationship
between problem solving ability in mathematics anderical ability of secondary
level students. The result of the study revealed there is a positive significant
relationship between problem solving ability in henatics and numerical ability

of secondary school students.

Lizzie (2017) investigated the problem solvingligbiin mathematics in
relation to their academic achievement among higeeondary school students. The
study revealed that there exists a positive ralahgp between problem solving

ability in mathematics and achievement.

Jyothi and Renuka (2017) investigated problem isglvability in
mathematics of secondary students. The study aim@dd influence of the mother
occupation and age on the problem solving abilitgtadents. Data was collected

from 300, ninth class students in Chittoor Distasing stratified random sampling
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technique. The study showed that mother occupaimh age have a significant

influence on the problem solving ability in mathditsof 1X class students.

Vidya and Malini (2016) checked the relationshgivireen critical thinking
skills and problem solving ability among adolessefithe study revealed that there
exists a significant relationship between crititahking skills and problem solving

skills.

Suresh (2016) conducted a study on Creativity Rrmmiblem Solving Ability
among Higher Secondary School Students. The saofipfee study consists of 160
higher secondary school students studying in theemonent and private school
students of attur taluk in the academic year 200¥52using simple random
sampling technique. The findings of the study shibwet there is no significant
relationship between creativity and problem solagity among higher secondary
school students. And there is no significant défere found in the level of creativity
and problem solving ability between male and fenfailgher secondary school

students.

Kanhai and Singh (2016) conducted an experimesttaly to find whether
there exists any causal relation between Mathealaficeativity and mathematical
problem solving performance. Sample of the studg W&D seventh grade students.
The study found that there exists a significantitp@s correlation between
Mathematical Creativity and attitudinal and envim@ntal characteristics. The study
predicts the influence of attitudinal charactecistelf-concept in determining
Mathematical Creativity. Also the environmentaltéas-resource adequacy, creative

stimulation by teachers, etc. were found to be ipters of Mathematical Creativity
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in the study. Social and intellectual involvementoag students and educational

administration of schools were found suppressiceofa.

Dhadhich (2016) conducted a study on problem sghability of 9th
standard students. The result revealed that tlsesegnificant difference between

problem solving ability of boys and girls of Stlastlard students.

Ayllon, Gomez and Claver (2016) investigated Math&cal thinking and
creativity through mathematical problem posing auwdving. Both concepts are
complex processes that shares elements, such escyluflexibility, novelty and
elaboration. The result of the study based on icediudies showed that problem
posing and solving related to the development otheraatical knowledge and

creativity.

A study on Problem solving ability in Mathematics winth standard
students in Dindigul district by Kannan, Sivapraaggasand Senthilkumar (2016) on
80 ninth standard students’s revealed that levelPadblem solving ability in

Mathematics of ninth standard students is average.

Tyagi (2015) checked the relationship between kattical creativity and
Mathematical problem solving ability Performancantple comprises 480 eighth
grade students. The result of the study showedllea¢ exists a positive significant
relationship between Mathematical Problem Solviegdtmance and Mathematical

Creativity.

Asharani and Francis (2015) investigated the efié&edic mathematics on

speed and accuracy in problem solving ability inthematics among secondary
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school students. The study revealed that Vedic ema#ics method is
comparatively more effective than the activity ated method in developing speed

and accuracy of problem solving ability in matheicsat

Gnanadevan and Selvaraj (2013) conducted a stufind out the science
attitude and problem solving ability of higher sedary school students in relation
to their achievement in science with respect todgentype of school, residential
area and medium of school. The study revealedlieatnale and female students do
not differ significantly in their science attitudbut differ significantly in their
problem solving ability. The students studying iovgrnment school and private
school differ significantly in their science attie, problem solving ability and
achievement in science. The study also found tleastudents residing at urban and
rural area differ significantly in their sciencditatde and achievement in science,
but do not differ significantly in their problem Igmg ability. Also the students
studying in Tamil medium and English medium difgggnificantly in their science
attitude and problem solving ability and do notfefif significantly in their

achievement in science.

Anjali (2013) studied role of play schools withgaed to the behavioral
profile, creativity, problem solving ability and gal cognition of preschoolers. The
sample of 300 preschoolers (150 had attended playos and 150 had not attended
play school) participated in the study. The stuslyealed a positive indication of the
influence of play school on the behavioral profdegativity, problem solving ability

and social cognition of preschoolers.
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Jose and Thomas (2011) studied the relationshipee® problem solving
ability and scholastic achievement of secondaryosklstudents. The sample
comprised of 320 secondary school students of WKaita District. The study
revealed that there is no significant differenceha relationship between problem
solving ability and scholastic achievement of seleoy school students with respect
to gender but there is a significant differencenMaein these variables with respect to

locale and type of school.

Siswono (2010) conducted a study on leveling sttislereative thinking in
solving and posing mathematical problem. The dadmn fthirteen eighth grades of
Junior Secondary School students collected by usisk based interview method
and yielded the following results as five levelscodative thinking, namely level O
to level 4 with different characteristics in ea@vdl and difference in each level
based on fluency, flexibility, and novelty in mathatical problem solving and

problem posing.

Karasel, Ayda and Tezer (2010) studied the ralatipp between
mathematics anxiety and mathematics problem solskilts among primary school
students and found out a low level of relationdhgpween mathematics anxiety and

mathematics problem solving ability.

Fadlelmula (2010) made an attempt to demonstrawe mMmathematical
problem solving and self- regulated learning ar® twportant and interrelated
concepts in mathematics education, and how theytribate to effective
mathematics learning. The study revealed thauigeof self-regulatory strategies

is a crucial characteristic of, and an importartdietor of effective problem solving
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experiences. Especially, the use of metacognitiedf-regulatory strategies
significantly contributes to success in studentsbbfem solving processes.
Therefore, it is evident that self-regulated leagnicontributes to more effective
problem solving in mathematics learning. In additit is clear that an integral part
of developing students’ problem solving experiengets through enhancing their
self-regulatory skills. For this reason, mathensatnstruction should foster utilizing
self-regulatory strategies, and self-regulatedniiegr should be an integral part of all

mathematics learning.

Kavitha (2009) examined the interaction effectMdthematical Creativity,
Intelligence and Problem Solving Ability on achievent in mathematics of ninth
standard students of Bangalore District. The sarophsists of 600 students of ninth
standard students studying in different types ofgliEh medium schools in
Bangalore. It was found that there is a significpositive relationship between

Mathematical Creativity and Problem Solving Ability

Akinsola (2008) investigated the relationship odm& psychological
variables in predicting problem solving ability imFservice mathematics teachers.
The sample consists of 92 females and 30 male foli22 in-service mathematics
teachers enrolled in the B.Ed primary educatiorgmme in the Department of
Primary Education, University of Botswana. The firgb of the study revealed that
mathematics anxiety, mathematics teaching effidaelef, locus of control and
study habits all have significant relationship witoblem solving ability but more
the mathematics anxiety of in-service teacherswkaker their problem solving

ability.
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Preethy (2008) conducted a study on relative iefiicy of problem solving
ability, mathematical interest and awareness in tfity of mathematics in
predicting achievement in mathematics of secondahool pupils of Kerala. A
sample of 500 students of ninth standard drawn fiGnschools of Kozhikode and
Malappuram districts of Kerala participated in #teady. The study revealed that
problem solving ability, mathematics interest andameness in the utility of

mathematics have significant positive correlatiathwachievement in mathematics.

Soumya (2007) investigated the relationship betwaeative thinking and
problem solving ability of ninth standard studenfsErnakulum district. Total of
300 students of ninth standard in Ernakulum disttias administered for the study.
The study found that there exists a significanttpasrelationship between creative

thinking and problem solving ability.

Nifsa (2007) examined the interaction effect okativity and formal
reasoning on problem solving ability in physicssetcondary school students. The
sample consists of 550 secondary school studeoms fiinthstandard. The study
found that there is a direct relationship betweesativity and problem solving

ability in physics.

Ashalatha (1990) investigated the relationshipwbet problem solving
ability and creativity. By using specific creativitest, students were grouped into
high, average and low scores according to theelle¥ creativity. The findings of
the study showed that high, average and low grofigseative pupils differ in their

problem solving ability.
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Jayasree (1988) examined the effect of selettddtivariables on creativity
of secondary school students. The results of thdysindicated that the effect of
attitude towards problem solving, attitude towamthematics and attitude towards

education on creativity are significant.

Studies on Academic Stress

Manikandan and Neethu (2018) investigated studegagement in relation
to academic stress and self-efficacy under theiggzahts as 280 adolescents
students from higher secondary schools situate@aditut district of Kerala. The
result of the study revealed that student engageisesignificantly associates to
academic stress and self-efficacy. Thus self efficancreases, the student
engagement increases and decreases academicasimestiso when academic stress

increases, decreases student engagement andfealtyef

In their study, a study of academic stress amagben secondary school
students Sagar and Singh (2017) examined the leiv@lcademic stress among
higher secondary school students. 180 students welected for the sample
obtained from 10 higher secondary schools at Bwrdiktrict by using academic
stress scale. The findings for the study suggesitat male students have more
academic stress than female students, but ther® isignificant difference was
found among academic stress of arts, science amimecce stream students,
academic stress of government aided and self fenaobool students and rural &

urban area school students.
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Kumari, Ram and Barwal (2016) conducted a studythef relationship
between stress and mathematics achievement ofskigbol students. The data for
the study consists of 200 students of 10th standardying in rural and urban
government high schools belonging to the Mandiridisof Himachal Pradesh. The
finding of the study revealed that boy studentswehaore amount of stress than
girls, girls had higher mathematics achievemenn tii@ boys, There exists no
significant relationship between stress and mathiemmachievement of rural and
urban high school students and there exists afsigni relationship between stress

and mathematics achievement of high school girls.

Nikitha, Jose and Valsaraj (2014) studied theetation between academic
stress and self-esteem among higher secondarynssudeselected schools of Udupi
District. The data was collected and analyzed fBfhfirst year students of science
batch in private school. The study found that thexests a significant but low

negative correlation between academic stress dhdesteem among the students.

Menaga and Chandrasekaran (2014) investigatedhethéhere exists any
significant difference in the academic stress amugger secondary school students
with respect gender, stream of study, type of sch@magement, type of family and
family income. The study was conducted on 250 higkeondary school students in
Thiruvannamalai District. The study found that ther a significant difference in the
academic stress in relation to their gender, typdamily and type of school
management, but there is no significant differeincéhe variable academic stress in

connection to family income and stream of study.
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Owolabi (2013) conducted an experimental studpvestigate the impact of
emotional intelligence training on academic strasd self- efficacy among senior
secondary school students. The study was condoctédiO participants and found
that emotional intelligence training had a positiegact on academic stress. The
study also identified that the efficacy of the paogme had a greater impact on

female participants than the male participants.

Lal (2013) studied the relationship between acadetness and intelligence
among adolescents. The data was collected fromhZfi0school students. The tool
used for the study was the Students Academic steds by Dr. Abha Rani Bist
and Intelligence Test by Dr. R.K. Ojha. The studyealed that the intelligence
quality had slightly influenced on academic stregssenior secondary school

students.

Bartwal and Raj (2013) examined the relationslépMeen academic stress
and emotional intelligence of school going adolasxeThe study was conducted on
200 senior school students of Bathinda District aehtified that there exists a
significant relationship between academic stresk eaotional intelligence among

the school going adolescents.

Byron, Khazanchi and Nazarian (20kddnducted a study tre relationship
between stressors and creativity: A meta-analysisnéing competing theoretical
models. The findings of the experimental study aéa@ that the effect of stressors
on creative performance depends on how stress éddacd the extent to which an

evaluative context is made salient can serve feeeincrease or decrease creative
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performance; in contrast contexts characterizedifgontrollability serve to only

decrease creative performance.

Hussain, Kumar and Hussain (2008) examined thel lefvacademic stress
and overall adjustment among public and governrhigtt school students and also
find the relationship between these two variabld®e data was collected from 100
students of class ninth from two different schodlbe study revealed that the
magnitude of academic stress was significantly énighmong the public school
students whereas government school students wprdécantly better in the level of
adjustment. The study also identified a negativeetation between academic stress

and level of adjustment among high school students.

Studies on Mathematics Anxiety

Hill, Mammarella, Devine, Caviola, Passolunghi ar&zucs (2016)
investigated maths anxiety in primary and secondsciool students: gender
differences, developmental changes and anxietyifspgc A sample of 1014
children both boys and girls attending both primangl secondary schools in Italy
were selected for the study. The study revealeddina show higher maths anxiety
than boys at both educational levels. While theas & reliable negative correlation
between maths anxiety and secondary student’snatib performance, no such

relationship was revealed in primary students.

Tok, Bahtiyar and Karalok (2015) studied the d8emf teaching
Mathematics Creatively on academic achievemernityddéts towards mathematics,

and mathematics anxiety. The sample of the studisists of 42 sixth graders
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attending a state elementary school in Denizli’gigentral county, Turkey. The
study revealed that teaching mathematics with tigaincreases attitude towards

maths and achievement and decreases the anxiayd®wathematics.

Mutawah (2015) studied the influence of mathensadicxiety in middle and
high school student’'s math achievement on 1352esitiscbf Grade 8, 9 and 10 in 14
middle and high schools across Bahrain. The stadgaled that anxiety increases as
the student’s progress through the grade levelstlzer@ is a gender differences in
mathematics anxiety among students. It also folnadl the level of the anxiety is

highest among those who perceived themselves aadbigvers.

Srivastava, Imam and Sing (2015) investigated era#tics anxiety among
secondary school students in relation to gendepanehtal education. The data was
collected from 1000 secondary school students ftaroknow using the tool of
mathematical anxiety scale and personal backgrasedssment questionnaire. The
study showed that female have more anxiety levah tmales in mathematics. The
children whose parents are not educated or lessaggtl are more anxious than

those who have both or one parent having highel lefveducation.

Sharma (2014) investigated the effects of strategy Mathematics Anxiety
on Mathematical Creativity of school students. Ehbjects of the study consists of
111 grade ninth students ranging from 14 — 17 ybéatenging to three different
schools using cluster random sampling techniques $tudy showed that the
students with low mathematical anxiety was foundb® best for developing

mathematical creativity.
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Morsaniya, Busdraghi and Primi (2014) investigatbeé link between
mathematical anxiety and performance on the cogniteflected test (CRT) the
experiment was conducted on the university studamtissecondary school students.
The study revealed that mathematics anxiety igyaifstant predictor of cognitive
reflection, even after controlling for the effecisgeneral mathematical knowledge,

school mathematical achievement and test anxiety.

Barwal and Sharma (2013) examined academic agheveof high school
students in relation to their mathematics anxi&he sample comprises of 200 high
school students belonging to Mandhi districts ofnEichal Pradesh. The study
showed that there exists highly significant relasioip between academic

achievement and mathematics anxiety of high scsimalents.

Abbasi, Samadzadeh and Shahbazzadegan (2013}igated mathematics
anxiety in high school students and its relatiopshith self-esteem and teacher’s
personality characteristics. The sample of theystuahsists of 480 school students
and 60 mathematics teachers were chosen in acaerdeith their characteristics.
The result revealed that there exists a negatiy&fgiant relationship between the
student’s, mathematical anxiety and their selfersteand also exist a significant
relationship between the students, mathematicaliegnxand their teacher's

personality characteristics.

Zakaria, Zain, Ahmad and Erlina (2012) conductestualy on Mathematics
anxiety and achievement among secondary schootmstsidThe study involved 195
secondary school students from Selangor, MalayBe research examined the

differences in mathematics anxiety according todgeras well as the differences in
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mathematics achievement of students based on W#e¢ ¢¢ mathematics anxiety.
The study concluded that there were significarfedi#inces in achievement based on
the level of mathematics anxiety. Thus, math amgxist one factor that affects

student achievement.

Keow (2012) studied mathematics anxiety in secondahool students on
294 students in Singapore through interviews aneys. Results revealed an

average anxiety level of 44% and a negative cdroglavith achievement.

Gangadharrao and Marathwada (2012) studied trentgas creativity of
students in secondary school level and comparedetred of scientific creativity
between the students of private school and Navallshool. The study was
conducted on 207 students of ninth standard. Tindysthowed that the scientific
creativity level of Navodhaya school students itdsethan private school students

due to students from these schools are chosen ohbasis.

Vitasari, Herawan, Wahab, Othman and Sinnadur@l@® investigated
about the exploring mathematics anxiety among emging students. The study
examined whether mathematics anxiety is one ofsthdy anxiety sources among
UMP’S Engineering students. The result showed testre is difference in
mathematics anxiety among engineering students hen dimensions gender,

expectation and differences based on faculties.

Rana and Mahmood (2010) studied the relationséiwéden test anxiety and
academic achievement. 414 science students fromensity in Lahore were

randomly selected for sample. The study showed wWian test anxiety score
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decreases, student’s achievement score increadetharstudents with higher test
anxiety must be identified and treated in order itgrease their academic

achievement.

Mohammed and Tarmizi (2010) made an attempt topesermathematical
anxiety levels and its impacts on performance betw®lalaysia and Tanzania
secondary school mathematics learners. The studypedormed using correlation
survey and analyzed data using t-test. The resuktaled that there were higher

mean scores in test related anxiety in Malaysiadesits than Tanzanian students.

Kargar, Tarmizi and Bayat (2010) conducted a stadythe relationship
between mathematical thinking, mathematics anxsty mathematics attitudes
among university students. The sample of the stomlysists of 203 university
students from the faculty of science, engineeriogd science, and human ecology
in one of the public university in Malaysia. Therabation analysis was used to find
out the relationship between mathematical thinkinggthematics attitude, and
mathematics anxiety and independent t-test was weeéxamine differences
between the two gender groups and two race gronpghedr mathematics anxiety,
attitudes toward mathematics and mathematical ithgnkThe study revealed that
significant high positive correlation exists betweeathematical thinking and
mathematics attitude and there was negative maderakationship between

mathematical thinking and mathematics anxiety.

Naderi, Abdulla, Aizan, Sharir and Kumar (2009)ndocted a study to
examine whether creativity, age and gender areigiced of academic achievement

among undergraduate student. The data was colldobed 153 undergraduate
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students in Malaysian Universities. Multiple regiies analysis showed that the
interaction effect between creativity, age and geras low predictors of academic

achievement.

Karimi and Venkatesan (2009) studied mathematicdety, mathematics
performance and academic hardiness in high sclwdésts on 284 tenth grade high
school students from Karnataka state. It was fotlnad mathematics anxiety has
significant negative correlation with mathematiesfprmance but no significant
correlation is found with academic hardiness. Sigamnt gender difference in
mathematics anxiety was reported but no significeemder difference was found in

mathematics performance and academic hardiness.

Zakaria and Nordin (2008) investigated the effarftsnathematics anxiety
on matriculation students on motivation and acheet by selecting a sample of
88 students who were at the end of their secondestem of study using three
instruments namely mathematics anxiety scale, w@ffiee motivation scale and the
mathematics achievement test. The result of traystenvealed that a significant low
positive correlation between motivation and achieest and also a student with

high anxiety tends to be less motivated to worlhwmiathematics.

Philip (2008) studied the relationship betweenelligence, scientific
creativity, achievement motivation, home environtmemd achievement in science.
The data was collected and analysed from 1120 steidd standard XlI from four
Districts of Kerala. The study revealed that thésea significant relationship
between each of the independent variables and\ashant in science for the total

sample and sub samples based on gender, placesidenee and nature of the
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institution. The study also identified that achiexant motivation has a negligible
relationship with scientific creativity and home veonment and all other

independent variables have a significant posittationship with each other.

Archana (2006) studied the interaction effect afademic anxiety,
achievement motivation and sex on performance ioloBy. The study was
conducted on a sample of 500 students of standatid and the data were collected
using scale of academic anxiety and scale of aehiemnt motivation. The result of
study revealed that academic anxiety is a debilgatactor of performance in
Biology (increasing level of academic anxiety causecreasing performance in
biology) and achievement motivation is a facilitgti factor of performance in

biology.

Mathematics anxiety and mathematics achievemest stiadied by Brian,
Sherman and David (2003). It was found that lackmaithematics achievement
causes mathematics anxiety. Changes in mathenstlisvement causes related
variation in anxiety. Investigator also found thhere is a negative correlation

between mathematics anxiety and mathematics achmve

Cates and Rhymer (2003) investigated the relatiprisetween mathematics
anxiety and mathematics performance in an instoatihierarchy perspective. The
sample selected from college students were assignede of two groups as high
anxiety or low anxiety based on the score on ma#tiesh anxiety. The study
revealed that the higher mathematics anxiety gitwag significantly lower fluency

level across all mathematical operations tests.
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Studies on Locus of Control

Ciftci (2019) studied the effect of mathematicacteer candidates’ locus of
control on math anxiety using structural equaticodeling. The subjects were 402
students from three different state universities Tiarkey selected using a
combination of convenience and purposive sampliihg. result of the study showed
that locus of control positively affected math asyiand a significant positive
relationship was found between the external lodusoatrol and the total and sub-

scale scores of math anxiety.

Kalamu, Hulukati, Badu and Panai (2018) investdathe effect of locus
control on mathematical problem solving ability gbrontalo city state middle
school students. The data for the study colleatexh {iGorontalo City Middle School
students totaling 1729 people with multistage ramdampling with 95 people. The
study revealed that there is a positive direct cgffef locus of control on

mathematical problem solving abilities of students.

Hans, Deshpande, Pillai, Fernandes, Arora, Kaaya Uppoor (2017)
investigated the self-efficacy, locus of controldacommitment in select private
management colleges in Oman. A sample of 50 teagbeticipated in the study.
The result of the study showed that locus of cdrdral self-efficacy negatively
related with the commitment level of the facultymieers working in these private

management colleges.

Bharathi (2017) checked the influence of self-aptclocus of control and

maths anxiety on the computation ability of matheosastudents at secondary level.
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A sample of 15 secondary school students were te€eldor collecting the data
regarding the study. The study showed that mo#tettudents who are studying at
secondary levels are found to be moderate leve¢lirconcept, locus of control and
maths anxiety while dealing their academic streants particularly in mathematics

students require more concentration for dealing wiathematical problems.

Angelova (2016) investigated the locus of contamod its relationship with
some social-demographic factors. Sample of theystahsists of 608 persons
ranged between 15 and 65 years old. The findinghektudy revealed that out of
three social-demographic factors -education, famsiftus, professional activity and
place of residence, three of them are shows afsigni relationship with locus of

control and other without a significant relationshiith locus of control.

Naik (2015) conducted a study on the locus of mdnamong college
students of Gulbarga. The study was conducted owleg of B.A and B.Sc. with
the age range of 16 — 25 years, studying in Gubaity degree colleges by using
random sampling method. The findings of the studiy showed any difference in
the locus of control among male and female collsgelents, science and arts

college students, and urban and rural college stade

Lather, Jain and Shukla (201dyamined the student’s creativity in relation
to locus of control. The data was selected fromarae of 450 students of Mysore
University out of which 40 belonged to Electronmsd communication, 44 were
from Civil Engineering, 40 from Environmental Satess, 37 from Biotechnology,
40 from Geography, 16 from mathematics, 20 fromdrand Nutrition and 7 from

Centre for Women Studies. The study revealed thaests with high creativity are
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significantly high in Internal Locus of Control artde students who were low on
creativity are significantly higher on External luscof Control. The study also
found that students at post graduate level shoWw kigernal locus of control than
graduate level. Finally, understanding at the lostigontrol of various academic
disciplines, the decreasing order of External Lootu€ontrol of various academic
disciplines is falling as Geography being on toplofeed by sciences and
engineering, mathematics, food and nutrition andt@efor Women studies has

lowest External Locus of Control.

Griffin  (2014) conducted a study titled as Locu$ @Gontrol and
psychological well-being: separating the measurénwninternal and external
constructs. A sample of 577 students took part suraey through an online data-
collection system. The study showed that exter@Clpredicted unique variance in
self-esteem, depression, and stress and Intern@l w&s found to have no unique

association with psychological well-being.

Ghanbari, Talb, Karimzade and Saeed (2014) stutliedffect of teaching
problem solving skills and locus of control on theademic achievement of
mathematics students. The sample of the study stsnsif 30 students from
Lordegan selected via multi stage cluster sampliing result of the study revealed
that the teaching of problem solving skills andue@f control had significantly
related to the academic performance of the mathesnatudents- training of
problem solving skills can improve the academicieasment of mathematics
students and a higher internal locus of controlviges higher level of self

confidence.
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Keshavarz and Baharudin (2013) studied the maddgrable of father's
education on the association between perceivednadtparenting styles and locus
of control among Malaysian adolescents. The finsliofthe study are 1) there were
significant negative relationships between fathawghoritative parenting style and
authoritarian parenting style with adolescentsermal locus of control and 2)
father's high level of education moderated thetimiahip between perceived

paternal authoritarian parenting and locus of aintr

Joo, Lim and Kim (2013) examined locus of contsdlf efficacy and task
value as the predictors of learner satisfactiomjesement and persistence in an
online university located in South Korea. The stémiynd that locus of control, self-
efficacy and task value were significant predictofréearner satisfaction, while self-

efficacy and task value predicted achievement.

Mihaela, Magdalena and Loredana (2012) conductesudy on relation
between locus of control and creative attitudesthe structure of didactic
competence. The samples included 96 students amchees having didactic
experience between 5 and 35years with 63 women38nahen and were selected
using the locus of control scale questionnaire wektirhe study found that teacher’s
personality structure, locus of control and creatiattitudes are considered as
predictors of didactic competence. Persons withnéernal locus of control have
high values of creative attitudes, which mean thpesority of the belief in the
internal control as compared to the external oneth@ structure of didactic

competence.
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Zaidi and Mohsin (2011) examined a study on LoaisControl in
Graduation Students. The sample of the study asnsfs200 individuals both men
and women equally between the ages of 18 to 25yadr The result of the study
revealed that there is a significant differencdadous of control among men and
women. The study reported that men scored highnternal locus of control as

compared to women.

Kutanis, Mesci and Ovdur (2011) investigated tfiects of locus of control
on learning performance. The sample consists oftd®lsm and hotel management
studied in the academic year of 2009-2010. Theltresthe study revealed that the
learning performances of the students with intetoalis of control are high, and
they are more proactive and effective during tlaermg process. On the other hand,
the ones with external locus of control are morsspe and reactive during this

period.

Bhogayata (1998) conducted a study on the relstiipnamong creativity,
self-concept and locus of control. The study resedhat the students with higher
self-concept are more fluent, original and creativen the students with a lower

concept.

Enger, Howerton and Cobbs (1994) investigatedniateor external locus of
control, self-esteem, and parental verbal intevactiof at-risk black male
adolescents. A sample of 42 male students in Gr&d&, and 8 from the United
States was administered for the study. A moderatgtipe relationship found
between self-esteem and parental verbal interaet@as consistent with a previous

finding of no significant relationship for Blackeshentary children. A weak, yet
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significant, negative relationship was found betwéscus of control and parental

verbal interaction.

Studies on Optimism

Mathur and Sharma (2015) studied Academic Stresgelation with
Optimism and resilience on the sample of 300 sesotiool students drawn from
public, private and missionary schools. The findingf the study revealed that
Academic stress correlated negatively with optimiand resilience and both the

variables significantly predicted academic stress.

Mathai (2015) conducted a study on the mediatffeceof coping styles on
the optimism athletic performance relationship aghtmack and field athletes. 148
athletes randomly chosen from different schools @ilkges in Kerala participating
in district, state and national levels under the eange of 16- 19 were the sample
administered for the study. The study showed thditviduals are optimistic on the

use of positive copying strategies that give bgttgformance.

Rezaei, Mousavi, Safari, Bahrami, Menshadi (2@ts)ducted a study of the
relationship between optimism, pessimism and coptrgtegies with mental health
among university students of Lorestan. The sample study was 367 students
from Lorestan University in the academic year 2@4using stratified random
sampling technique. The result of the study showmeat there is a significant
relationship between optimism and pessimism withntalehealth. People who
viewed as more optimistic about events were paditicorrelated with mental

health.
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The Relationship between Optimism-Pessimism andsoRality Traits
among Students in the Hashemite University by MaélasAl-Zoubi and Batayeneh
(2013) examined the relationship between optimisich @ersonality characteristics.
The sample of the study was 534 students amonggnadieiate students enrolled in
the Hashemite University. The study showed thabsitpe significant relationship

exists between optimism and introversion and passinemotional equilibrium.

Moran, Bankole, Roxanne, Mitchel and Moore (20tRecked student
academic optimism: a confirmatory factor analysts.sample consists of 35
elementary schools, nine middle schools, and fiygh hschools with a total
population of over 34000 students in urban digrintthe mid-Atlantic region The
findings of the study revealed that student acad@piimism was unrelated to socio
economic status(SES) and that student academimiept has a significant effect
on achievement over and above the effects of SES stmdent demographic
characteristics leads the authors to consider dgssipility that SES may not be as
influential as once thought when other conditioigh® school environment are

taken into consideration.

Sanchez, Brufau, Mendez, Corbalan and LiminanalQROstudied the
relationship between optimism, creativity and p®yathological symptoms in
University students. The study was conducted on Wh8/ersity students from
different degree programs. The study found thattrang negative correlation
between optimism and psychopathological symptonst,ethere is no significant

correlation between creativity and psychopatholaigsggmptoms.
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Gordon (2008) conducted a study on attributionglles and athletic
performance. A sample of 18 female basketball ptayages: 18-24 years) from a
division Il collegiate team completed the attrilbatl style questionnaire and the life
orientation test measures during the third weethefseason. Team performance can
be predicted based on the assessment of the &tinblstyle optimism of team
members and coaches. The key to performance wasveeance in the face of
failure, a product of attributing bad events to -oifie non-pervasive external causes

as optimists do.

Schumacher (2006) conducted a study on asses$gnglationship between
optimism and academic success. The sample of tlay stcluded 48 students from
a senior secondary high school, population 1384central British Columbia by
using a questionnaire. The findings of the studkeaded that there is no significant
relation between grade and optimism scores andsaiggested that further study is
needed to delineate all of the factors affectiregalsociation between optimism and

academic achievement.

Rudski (2004) studied the illusion of control, etgiitious belief, and
optimism among 275 participants. The study shoved bo relationship between

optimism or pessimism and the illusion of contra@resobserved.

Aspinwall and Taylor (1992) conducted a longitudistudy on impact of
individual differences and coping on college adjuestt and performance. The study
revealed thatoptimism at the beginning of collegpredicted a
smoother, psychologically healthier transition tdlege life, as well as larger groups

of new friends.
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Conclusion

The researcher made an earnest effort to inclidesa all relevant studies in
the review. The investigator has made an attempévew studies in the area of
Creativity, Mathematical Creativity especially thmelationship of Mathematical
Creativity with other variables in India and abraadn exhaustive way. The review
helped the researcher to arrive at a conclusionrtizany studies in Creativity and
Mathematical Creativity are done in India as wedl @utside India. But Indian
studies mainly focus on the relationship of Crastiwith other variables like
academic achievement, intelligence, mathematidgétyatself concept, achievement
motivation etc. (Topno, 2014; Sing, 2013; Rani &l&a2013; Jayaram, 2013;
Baran, Erdogan & Cakmak 2011; Yadhav & Wadhva, 20dam, 2009; Reddy,

2009; & Jacob, 2007).

Many studies are found to be reported on theioslship of Mathematical
Creativity with other variables like intelligencepatial ability, problem posing
ability, self concept, mathematical ability, nuncati aptitude, educational
administration, intellectual involvement, sociavatvement, etc. (Isnani, Waluya,
Rochmad, Wardono, 2020; Lim, Ismail, Yudariah & ¥%fs2019; Jinu &
Vijayakumari, 2018; Tyagi, 2017; Kanhai, 2016; Yhip, 2016; Singer & Voica,
2015; Leikin & Lev, 2013; Kattou, Kontoyianni, Paamt, & Christou, 2013). A
number of studies in the area of Mathematical @Griéatare on its relationship with
achievement in mathematics (Jaleel & Titus, 201i6ghol, 2013; Sebastian, 2013;
Bahar & Maker, 2011; Talawar & Madhusudhan, 201@egkha, 2001; Haylock,

1997; Resmi, 1997; Gorge, 1994; Tuli, 1980; Jens8A3).
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Some studies focused on certain strategies likeegat mapping, educational
courseware, and commercialized learning materiad approaches, methods,
techniques and materials in facilitating divergeahinking and Mathematical
Creativity (Jinu, 2018; Daunis & Scullin, 2017; gaese, 2016; Yeh & Lin, 2015;
Vijayakumari & Kavithamol, 2014; Smogorzewske, 20Bharma, 2013; Kuveri,
2013; Sharma, 2013; Albert & Kormos, 2011; IdrisMohd-Nor, 2010; Kwon,

Leikin & Lev, 2007; Park & Park, 2006 & Haylock, 9B).

Some studies are found to be reported on theigedtip of Mathematical
Creativity with Problem Solving Ability (Moore-Russand Demler, 2018; Kanhai
& Sing, 2016; Suresh, 2016; Tyagi, 2015; Ayllon,n&xz & Claver, 2015; Kavitha,
2009; Nifsa, 2007; Ashalatha, 1990; Jayasree, 1888ance, 1987). The review of
related literature indicates that a few studiesr@perted on the relationship between
Mathematical Creativity and the variables like Aeamdc stress, Mathematical
anxiety, Locus of control and Optimism (Bharatld1Z; Sharma, 2014; Lather, Jain
and Shukla, 2014; Byron, Khazanechi & Nazarian,(2(etterly, 2010; Sanchez,
Brufau, Mendez, Corbalan & Liminana, 2010; John90& Akinsola, 2008;
Bhogayata, 1998; Shaham, Singer & Scharffer, 199&lberger & Rickman, 1990;

Haylock, 1987; Teichner, Arees & Reilly, 1963).

As a result of thénvestigative review, very few studies in Kerala &ound
to be reported on Mathematical Creativity. The Esidn Mathematical Creativity
do not give a consistent result on relationshighwitany psychological variables.
Main focus of these researches was to find theioekhip between Mathematical

Creativity and mathematical achievement. If the biration of more than one
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psychological variables that affect Mathematica¢&ivity is established, it will be
useful for teachers, parents, school authoritiesa@mriculum developers to nurture
Mathematical Creativity in students. So the redeardecided to conduct a study to
find out how the five psychological variables pmbl solving ability in
mathematics, academic stress, mathematics aneetys of control and optimism
affect Mathematical Creativity and their relativiicdency to predict mathematical

creativity among secondary school students of keral
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METHODOLOGY

% Design of the Study
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Analysis of Data



This chapter describes the method followed instuely. The present study
focuses on the ability of the select psychologiaiables to predict Mathematical
Creativity among secondary school students. Thénodetdopted, variables under
study, participants, instruments, data collectiorocpdure and the statistical

techniques used are described in detail undemllening headings

Design of the Study

Variables of the Study

Participants of the Study

Instruments used

Data collection procedure, Scoring and Consolidatibdata

Statistical Techniques used for analysis of data

Design of the Study

Research design is a wide master plan of the n@dsé@ ensure collection of
requisite data with the problem at hand in ordeariswer the research questions as

clearly as possible.

The investigator adopted survey method to undedstthe extent of
Mathematical Creativity among secondary schoolesttsl and to find out whether

the select variables are significant predictordMaithematical Creativity. For this,
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correlational research with prediction design wasdu In a correlational research,
the investigator describes the degree of assoniagdween the related variables. In
a prediction design outcome variable is anticipdtgdusing certain variables as
predictors. Using the prediction design the ingzdbr studied the relationship of
the select psychological variables with Mathem&@raativity and the efficiency of

these variables in predicting Mathematical Crestivi
Variables of the Study

The two types of variables in a prediction desaga the outcome (criterion)
variable and the predictor variables. The presdntys attempts to predict
Mathematical Creativity using the select psychalabi variables. Hence
Mathematical Creativity is the outcome (criteriomqriable and the predictor
variables are the select psychological variables, \Rroblem Solving Ability in
Mathematics, Mathematics Anxiety, Academic Streksecus of Control and

Optimism.
Problem Solving Ability in Mathematics

A problem is a perplexing situation, the soluttorwhich is not immediate.
Problem solving means the process of discovering ¢brrect sequence of
alternatives leading to an ideal solution to a p@ob Problem solving requires
higher order mental abilities like reasoning andative thinking. It is a vertical
thinking, a sequential logic based process to amivthe best solution for a problem
where as lateral thinking results in breakthroughd innovations (Walsh, 2015).

These two types of thinking are related to eacherntfroblem solving needs



AMellhodo gy 85

creative thinking and creativity is fostered thrbugplving novel problems that are
challenging to the learner. Researchers like Cyof2605), Saragih and Habeahan
(2014) and Suresh (2016) have reported positivatiogiship between problem
solving ability and creativity. Hence in the presstudy, Problem solving ability in

mathematics was selected as a predictor variablathematical Creativity.
Mathematics Anxiety

Mathematics Anxiety is a feeling of tension, apymsion, or fear that
interferes with math performance (Ashcraft & KirR001). It is a fear of
mathematics that can interrupt mathematical probkmiving and mathematics
related activities in everyday life. Anxiety is geally considered as a negative
variable that hinder the free thinking and inforimat processing. Loudon and
Deininger (2016) studied the physiological respaisereative tasks and found that
divergent thinking and psycho physiological state aorrelated and an initial
relaxed state is not a predictor of creativity. BralCortes, Lyons and Green (2019)
reported a new type of anxiety, ‘creative anxiehgt can predict creativity in areas
like art, science and mathematics. It will be remabte if the role of mathematics

anxiety in predicting mathematical creativity ipored.
Academic Stress

Academic Stress is mental distress with respectsame anticipated
frustration associated with academic failure, apéton of such failure, or even an
awareness of the possibility of such failure (Gutithan, 1987). It is the concern

and stress that comes from schooling and educasigrhysical, mental or emotional
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reaction in the academic life. A meta analysistofles on relationship of stress and
creativity conducted by Byron, Nazarian and Khakar{ig010) revealed that the
results are inconsistent and more studies are ddedsplore the relationship. They
made a conclusion that an environment in whichitisividual has more control
increases the creative performance. Academic stiressg students may affect their

creativity and hence it was included as a predicéoiable.
Locus of Control

According to Rotter (1960), behavior of an indivadl is affected by how he
expects its consequences or results. If the coeseguis positive, the behavior is
encouraged, otherwise discouraged. If a persore\msdithat he can control what
happens to him, he is referred to as having amnaktéocus of control. A belief that
one is controlled by luck, fate or powerful othassreferred to as having external
locus of control. Lather, Jain and Shukla (2014)eheeported that students having
internal locus of control have higher creativitydathose with external locus of
control have low level of creativity. Locus of cauitis a variable which need more
exploration in the context of creative thinking amés included as a predictor

variable of Mathematical Creativity.
Optimism

Seligman (1990) defined optimists as those whd terbelieve that defeat is
just a temporary setback, when confronted with haracks of the world and they
believe that the causes for the present failuoeigined to this particular case. They

perceive the setback or the bad situation as dectggd and work hard to confront
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the same. Optimism moderates many psychological pnydiological states like
positive emotions, mental and physical health. @&pp2015) has reported a
positive correlation between optimism and creativithe relationship need not be
direct, but may have a mediating role on creativ@g optimism was also included

in the select psychological variables as an affectariable.

Diagrammatic representation of the variables inedlin the study is given as figure

g Mathematical

Problem solving
ability in
Mathematics

2.

Academic Stress

. Mathematics

Locus of
Control

Optimism

Figure 2.Diagrammatic representation of the variables wedlin the study

Participants of the Study

The population of the study is secondary schootlesits of Kerala. The
study was delimited to ninth standard studentsyatigdin Government and Aided
schools of Kerala with the assumption that nindndard students will be a more

representative group of secondary school stud&uasools from Northern, Central
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and Southern part of the Kerala state were includextder to get a cross section of
the Kerala state. Stratified sampling technique usesl to select the participants of
the study. The participants were selected fromctdals of five districts of Kerala
state. Four schools from Kasaragod, three schaas fWayanad, five from
Kozhikode, three from Palakkad and four schoolanfr&ollam were selected
randomly. Care was taken to include schools frobaarand rural areas as well as

government and aided schools. The sampling frantleeo$tudy is given as table 1.

Table 1

Sampling Frame of the Study

No. of No. of No. of No. of No. of
District Sch'ools Schools from Schools from Govt: Aided
Rural Urban Schools Schools

Kasaragod 4 3 1 2 2

Wayanad 3 2 1 2 1
Kozhikode 5 2 3 3 2

Palakkad 3 2 1 2 1
Kollam 4 2 2 2 2

The basal sample included 800 ninth standard stadeom 19 schools of
five districts of Kerala state. From each schoohrmdomly assigned ninth class was
taken and the entire students of that class weskided in the sample. Equal
representation of male and female students washgivethe basal sample. The

distribution of the basal sample is given as t&ble
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Table 2

Basal Sample Selected for the Study

Gender Type of Management Locale
Male Female Government Aided Rural Urban
400 400 450 350 450 350

The list of schools selected is given as Appendix

Instruments Used

Collection of relevant data is an important aspafctany research work.
Various techniques and instruments are to be usedllect feasible data. Selection
of suitable instrument for collecting data is otaliimportance for a successful
research. A researcher is expected to select a@pgte one among the available
instruments. If no such instrument with qualityaigailable he/she is expected to

construct a new one.

In the present study, the researcher has to meedlsardependent variable
Mathematical Creativity and the independent vaasaliProblem Solving Ability in
Mathematics, Mathematics Anxiety, Academic Strekscus of Control and
Optimism. Standardized tools were available to meaBroblem Solving Ability in
Mathematics, Mathematics Anxiety and Locus of Caintinstruments to measure
Mathematical Creativity, Academic stress and Omimiwere developed by the
researcher with his supervising teacher. The fishstruments used in the study is

given below,
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Mathematical Creativity Test (Vijayakumari & Midhdas, 2017)

Optimism Inventory (Vijayakumari & Midhundas, 2016)

Scale on Academic Stress (Vijayakumari, Sajmadadéidhundas, 2015)
Test of Problem Solving Ability in Mathematics (Sangala & Rinsa, 2008)
Mathematics Anxiety Scale (Sumangala & Malini, 1993

Locus of Control Scale (Kunhikrishnan & Mathew, 98
Each instrument is discussed below in detail.
Mathematical Creativity Test (Vijayakumari & Midhun das, 2017)

A Mathematical Creativity Test was constructed atahdardized by the
investigator with the help of supervising teacltemeasure Mathematical Creativity
of secondary school students. The procedure oflojewvent of the test is explained
under the titles planning of the test, item writipgot testing, item analysis, scoring

procedure, reliability and validity.
Planning of the Test

As the first step, the investigator reviewed tkerdture available in the area
of Mathematical Creativity and identified appropeiaefinition and components of
the variable. Laycock (1970) described mathematicahtivity as “an ability to
analyze a given problem from different perspectsee patterns, differences and
similarities, generate multiple ideas and choospr@er method to deal with
unfamiliar mathematical situations”. The invest@atdecided to select the
components of creativity as Fluency, Flexibilityda@riginality as per the theories

on Creativity by Guilford (1967) and Torrence (1969
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Creativity is originality in thinking which needsclear notion of the subject
matter. Hence the selection of content for the testds much attention so that
students are very familiar with the concept. Hehasic branches of mathematics
are to be included in the test. Basic branches athiEmatics are arithmetic, algebra,
geometry and trigonometry. Among these, arithmatid geometry are the major
areas dealt in primary and upper primary levelsoSdary school students are
expected to be more confident in basic arithmetid geometry. Hence it was
decided to restrict the content of the test tohardétic and geometry. Items to
measure Mathematical Creativity were so framed tbsponses can be scored for
three components fluency, flexibility and origingliFluency means the number of
original ideas produced by an individual correspogdo a stimulus. Flexibility is
the ability to change the approach. Flexibilitytéken as the different approaches
taken by the individual in response to the samendtis. Originality means an

answer is rare, that is occurring occasionally given population.

Altogether 16 items with 8 items from arithmetimda8 from geometry were
prepared by the investigator. The items were uraergcrutiny by experts and as
per their suggestions 6 items were removed, one faoithmetic and five from
geometry. Thus the draft test consists of ten it@hfseom arithmetic and 3 from

geometry.

To test the feasibility of the test, and get amaidbout the time needed to
respond to the item, the test was administered sangple of 30 secondary school
students. Students were encouraged to ask doubtargication on the items and a

close observation was made on the style of respgndvodifications in the
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wording were made for those items for which stuslexsked for clarification. The
total time limit for the test was fixed as 30 miesitand specific time limit for each

item was also given.
Example: Arithmetic: Write down maximum numbassng five ones.
(11111

Geometry: Using the following images make degf@rmeaningful figures.

1 O— A
Pilot testing

The draft test was administrated on a sample & 8&condary school
students of ninth standard selected through sedtifampling technique, giving
equal weightage to gender of students, locality g of management of the
school. The purpose of pilot testing is to collezta for item analysis. The
investigator approached the headmasters of theonalydselected schools and
sought permission for administering the tool in ttlass. The draft test was
administered to the allotted class and proper untbn was given before
responding. Sample item were worked out in thesctasmake them familiar with

the procedure. Time limit was strictly followedafi groups.
Item analysis

The response sheets were scored as per the sqmaogdure of each
component. The fluency score was taken as the nuofbeslevant responses for

each item. Flexibility score was the number of gatees of responses for each item
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and originality score was taken based on the frecpeof occurrence of that
response among the group. The total score on fjydlexibility and originality for
each item was taken as the Mathematical Creatsityre on the item for that
respondent. Based on the total Mathematical Crgaseore, the entire sheets were
arranged in ascending order and the highest 27epe(d00) and the lowest 27
percent (100) were separated. The group with higlcere was treated as upper
group and with lower score was taken as the loweum Mean and standard
deviation of each item were calculated for both erpand lower groups. Then t-

value for each item was calculated using the foamul

t_Ml_ME
o7, o
N N

where M is the mean score on Mathematical Creativity ole@ifor an item for the
upper group, Mis the mean score on Mathematical Creativity olgaifor that item
for lower group. Hereo: is the standard deviation of the distribution of
Mathematical Creativity scores for the item for apgroup andy: is the standard

deviation of the distribution of Mathematical Ciigay scores for the item for lower

group.

Test of significance of difference between meamstwo large independent
groups was used to calculate the discriminating ggoef the item. Items having

critical ratio greater than or equal to 2.58 (Thbled value for significance at .01
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level) were included in the final test. The detafstem analysis of Mathematical

Creativity Test are given in table 3.

Table 3

Details of item analysis of Mathematical Creativityst

ltem

No. M1 M2 o1 02 t— Value Remarks
1 10.39 3.83 4.29 2.01 13.82 Accepted
2 2.09 0.25 4.61 0.78 3.93 Accepted
3 5.84 1.97 2.99 2.03 10.67 Accepted
4 8.95 3.39 4.95 2.71 9.85 Accepted
5 10.88 3.47 4.88 3.18 12.69 Accepted
6 13.15 6.58 3.85 2.98 13.47 Accepted
7 11.72 3.70 6.78 2.68 10.98 Accepted
8 33.89 6.52 14.19 3.92 18.58 Accepted
9 14.55 5.72 4.49 3.70 15.15 Accepted
10 17.72 4.54 9.68 2.60 13.14 Accepted

All the items in the test have critical ratio gesathan 2.58 and hence all the

ten items of the draft test can be selected fofittad test.

The item total correlation was calculated by datieg the score on each
item of the Mathematical Creativity Test with thetal score obtained for the test.
This was done to verify whether the score of etan isignificantly contribute to the

Mathematical Creativity Score. The correlation éicednts are presented in table 4.
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Table 4

Item - total correlation of Mathematical Creativityest

Item No. 1 2 3 4 5 6 7 8 9 10

Correlation 0.63 0.33 056 060 060 0.66 0.69 0.83 0.68 0.61

The correlation coefficients indicate that sigraint correlation exist between

the scores of all the items and the total MathezabCreativity Score at .01 level.

The correlation coefficient for the scores on theee dimensions and the
total Mathematical Creativity Score were also cl@d. The details are given as

table 5.

Table 5

Correlation coefficient for scores on dimensionthwiilathematical Creativity Score

Dimension Correlation coefficient with Mathemati€eativity Score

Fluency 0.96
Flexibility 0.84
Originality 0.72

The correlation coefficients obtained show tha thmensions are highly
correlated with total score of Mathematical CragtivConsidering all the three
criteria for selection of items in the test, aletken items in the draft test were

selected for the final test.

Scoring procedure

The Mathematical Creativity Test has been scomdtliree factors of
creativity, viz., fluency, flexibility and origindl. The responses to each item of the

test receives three types of scores and the suath thie three scores for all the items
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of the test is considered as the total score ofhblatatical Creativity. The scoring

pattern of Fluency, Flexibility and Originality aegplained below.
Fluency

For each item the relevant responses are coumddeach response is
assigned a score of one. The total score obtaimedllf the items in the test is the

total score of the individual on Fluency.
Flexibility

The responses are classified into categories agdra of one is assigned for
each category. No additional score is assignednfore than one response in a
category. The sum of the scores obtained for #mstis taken as the Flexibility

score.
Originality

The score is given based on different degreesnobmmonness of the

response as shown in table 6.

Table 6

Scoring procedure for Originality

Sl. No. Groups according to uniqueness of response  Score

Less than 5% 5
5% to 10%
10 to 15%
15 to 20%
20 to 25%
More than 25% 0

o O A WN B
R N W b
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The responses to each item is to be analyzeckiwtivle sample and based
on the uniqueness of each response, score isdsdigned. Total of these scores is
the originality score obtained for that item. Sufrtlee originality score of all the
items is the score on Originality. The total of 8ewres on Fluency, Flexibility and
Originality obtained by a respondent is his/her hdabatical Creativity score. As
per the nature of the test, the minimum scoreris aad there is no maximum score.

The higher the score, the higher will be Mathenadti@reativity.
Reliability

The reliability of the test was measured usingnBexh Alpha Coefficient
which is an index of internal consistency of thstt&he value obtained is .782

indicating that the test is reliable (N= 370).

Cronbach Alpha coefficient was calculated for eamdbmponent viz.,

Fluency, Flexibility and Originality. The detailseagiven as table 7.

Table 7

Cronbach Alpha coefficients for Fluency, Flexilyilend Originality

ltem Item Item Item Iltem Item Item Item Item Iltem

Components "y © 5" 37 4 5 & 7 8 9 10
Z'geg% 764 762 772 776 762 766 .776 .765 .755 .775
Elfx'g'gy 597 661 .595 617 629 .627 596 .669 .620 .667
Originality

0= 743 589 637 594 606 578 604 646 .730 .589 .622
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The reliability coefficients (Cronbacla) obtained for the components
Fluency, Flexibility and Originality are .778, .682d .743 respectively. The values
of a when each item is dropped from the set of 10 iteness than the total value
obtained in the case of Fluency, Flexibility andg®rality and hence all the ten

items sufficiently explain the components.
Validity

Content validity of the test was ensured by takingch care in framing
items for the test. Suggestion from experts in fietd was incorporated while
preparing the test. Concurrent validity of Matheowt Creativity Test was
estimated by correlating the score of the test witlrks obtained by 35 students in
the Test of Mathematical Creativity developed bym@&ngala (1998). The
correlation coefficient obtained is .764 indicatitigat the test is valid to measure

Mathematical Creativity among secondary schoolesttsd

A copy of the final form of the Mathematical Crgdy Test (Malayalam

and English version) is appended as Appendix 2.
Optimism Inventory (Vijayakumari & Midhundas, 2016)

The concept of Learned Optimism was introducedsbiigman (1992) and
according to him optimists as those who tend taebel that defeat is just a
temporary setback when confronted with hard knafkie world and they believe
that the causes for the present failure is confiteedhis particular case. The
inventory prepared by Seligman (1992) containstdins and is based on western

culture.
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Construction of the Tool

The first step in the construction and standatiinaof any tool is planning
of the tool. For the present study, the investigatepared Optimism Inventory to
study the Optimism in secondary school student€esala based on the inventory
by Seligman. The items are given as a statemewnthioh there are two options,
namely optimistic and not optimistic. The inventddyaft form) contains 41 items

related to the life situations of students.
Example: A friend surprised you with a gift.

a) The friend got a high mark in the exam

b) The previous day, | also gave a gift.
Item analysis

The inventory was administered on a sample of 8&6ondary school
students selected by stratified random samplingnigcie giving due representation
to gender of the students. The 370 response shietisied were scored and the total
score for each sheet was calculated. Then these aveanged in descending order
of the total score and the lowest and highest 2¢gmage of the 370 sheets (100
sheets each) were separated. As the responsesetdateth are dichotomous,

discriminating power of the items were calculatsthg the formula
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Where

U = Total mark scored by the upper group ontem.
L = Total mark scored by the lower group oniteen.

N = Size of the groups.
The discriminating power of each item wakglated and presented as table 8.

Table 8

Discriminating Power of Items of Optimism Inventory

Item No. Upper Lower ) Remarks
1 49 21 0.28 Accepted
2 59 26 0.33 Accepted
3 81 64 0.17 Rejected
4 71 33 0.38 Accepted
5 64 30 0.34 Accepted
6 41 27 0.14 Rejected
7 68 46 0.22 Rejected
8 58 30 0.28 Accepted
9 62 31 0.31 Accepted

10 38 19 0.19 Rejected
11 40 19 0.21 Rejected
12 81 48 0.33 Accepted
13 65 28 0.37 Accepted
14 84 41 0.43 Accepted
15 84 47 0.37 Accepted
16 46 30 0.16 Rejected
17 67 36 0.31 Accepted
18 63 46 0.17 Rejected
19 27 29 -0.02 Rejected
20 62 33 0.29 Accepted
21 80 44 0.36 Accepted
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Item No. Upper Lower P Remarks
22 42 33 0.09 Rejected
23 63 39 0.24 Rejected
24 41 28 0.13 Rejected
25 30 17 0.13 Rejected
26 75 46 0.29 Accepted
27 68 44 0.24 Rejected
28 58 34 0.24 Rejected
29 66 32 0.34 Accepted
30 62 27 0.35 Accepted
31 43 23 0.2 Rejected
32 60 26 0.34 Accepted
33 69 37 0.32 Accepted
34 76 45 0.31 Accepted
35 71 40 0.31 Accepted
36 52 22 0.3 Accepted
37 62 30 0.32 Accepted
38 26 15 0.11 Rejected
39 73 32 0.41 Accepted
40 64 30 0.34 Accepted
41 57 30 0.27 Accepted

Items with discrimination power greater than ouaqgto .25 were selected
for the final tool. Based on this, 25 items weré&ireed and 16 statements were

rejected.

Scoring procedure

There are two options namely A, B for every itend ane option shows
optimistic and other shows not optimistic respesdtivin this, one mark is given for

choosing optimism and zero for the other. The totatk obtained by a student is
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the optimism score.Option A in items 1, 8, 9, 13, 17, 26, 29, 35, 37, 39 and

option B in items 2, 4, 5, 12, 15, 20, 21, 30,32, 34, 36, 40, 41 denote optimism.
Reliability

Internal consistency of the tool was calculatedibyng KR-20 formula. The

reliability coefficient obtained is .82, the valsieows that the tool is highly reliable.
Validity

The Optimism Inventory has construct validity las ttems were prepared on

the basis of concept of Learned Optimism by Selgiii®92).

A copy of the draft and final form of the Optimisimventory (Malayalam

and English version) are appended as Appendix 3.
Scale on Academic Stress (Vijayakumari, Sajmadas &lidhundas, 2015)

The Scale on Academic stress was developed amdlastized by the
investigator, Sajmadas and supervising teachengi@sure the stress experienced by
students during their academic period. Detailedgtson of the construction of the

tool is given below.
Planning

The first step in the construction and standataimeof any tool is planning.
It was planned to prepare a scale to measure acad#rass among secondary

school students. After reviewing literature, tlaetbrs suggested by Lin and Chen
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(2009) for academic stress were selected for théesdhe seven factors based on

which the scale was prepared are given in table 9.

Table 9

Factors Affecting Academic Stress of Students

Stress from teachers Teaching materials, teacmdggercise items.

Stress from results Stress from Parents, includorgflicts between
expectations and opinions and drops in grades.

Stress from tests Worry about how to prepare foesh and redo
the compulsory courses.

Studying in group stress Exercise reports, groupeihg

Peer stress Academic competition, peer interfegrete.

Time management stress Social activities and studssociation, time
management and choices, etc.

Self-inflicted stress Self-expectation, interests course selection,
etc.

The detailed descriptions of the factors are Hevis

Stress from Teachers

The cause for stress can be teacher related aidstress is rooted with
teachers, their method of teaching, the teachintgmass, and the exercise items
assigned for students. Students become less itedraad motivated to learn when
their teachers do not have enough energy and passioinspirational teaching
(Klusmann, Kunter, Trautwein, LiUdtke, & Baumert,08) Skaalvik & Skaalvik,
2007). Way of teaching of particular teachers carmeodigested by certain pupils.
Some lessons are too difficult and strict teacheasl them to reduce interest in

associate subjects. This creates severe stresgpils.pSome teachers provide too
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much data which causes difficulty to assimilatewl®alge in a proper way. Lack of

support from teachers is another cause of stressitients.
Stress from results

The stress from results is the feeling of anxiehen waiting for an exam
result such as fear of failure, and stress fronemisr including conflicts between
expectations and opinions and drops in grades.eRdefailure in test papers is an

important reason for test stress in the pupils.
Stress from tests

Perceived stress has been shown to increase dwexan periods
(Zunhammer, Eberle, Eichhammer & Busch, 2013). $#sss means getting a little
nervous in a test situation. A student with testiety has debilitating feelings of
worry and fear which impacts a negative performaniaen the exam is getting
nearer, the pressure of teachers and guardiansthpastudents become very high
and hence they come under high stress. Lack ofapaéipn, redoing of exams,
illness, lack of memory, not getting enough sleegt preparation etc also cause

stress in pupils.
Studying in group stress

Learning in groups plays an important role in emag learning. Anxious
thoughts in some students influence learning atehdfice problems when working
with groups. Certain worries made obstacles togoerfwell and in completing

academic works.
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Peer stress

Peer pressure is the direct influence on studegtgheir peers, or an
individual who gets encouraged to follow their geefhey may change their
attitudes, values, or behaviors and some behasagdly from their comfort zone.
Peer stress is very strong during adolescencéeipéeriod of stress and strain, so
acceptance and sense of feelings are developedigdtinis period. Generally
academic competitions and useless interference guiin@npeers contribute to peer

stress.
Time management stress

An individual fails to cope up with balancing ht®emmitments, such as
academic work and volunteering sports, hobbies, apdial activities, can
sometimes make frustration. Time management isafrtbe most valuable skills

one learns in schools, and is an important compdoeieing successful.

For making a successful life, time scheduling ne @f the valuable skills.
Time management is an ability of decision makingl &elps each one how to
allocate time to reaching their goals. Some stigatiow maladjustment with
scheduling the time between academic and socigitaet, with student association

etc., that causes stress in them.
Self-inflicted stress

Self — inflicted stress is the stress due to iitglio set a mind on how to
manage the expectations, time, relationships, atetdst. Stress is induced in the
mind of the pupil due to various reasons like latkimely preparation, emotional
problems and some barriers. Family, iliness, playsamd mental disturbances etc

also make stress in students.
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Preparation of the Tool

While writing items for the scale based on theva&bdimensions, great care
was taken to make it clear and simple. Based osdkien dimensions 35 statements
were written and have undergone discussion witheegp According to the
suggestions from experts some items were discadédome were modified. Thus
32 items were selected for the draft scale. Th@s&&@ements are so framed that the
possible responses for each statement is StrorngylgeA(SA), Agree (A), Undecided
(V), Disagree (D) oiStrongly Disagree (SD). The dimension, number e in

each dimension and sample items are given as1éble

Table 10

Seven Dimensions and Number of Items under eachri3ion

Sl. : . No. of .
Dimension . Sample items
No. items

1 Stress from 6 | feel that the exercises and reports of some
Teachers teachers are too difficult.

2 Stress from 7 | feel that there is vast difference between my
Results current results and upper primary school results.

3 Stress from 5 | do not get good enough sleep at night because
tests | worry about school tests.

4 Group stress 3 | feel nervous when | conducting a speech or

give a presentation.

5 Peer stress 2 | feel anxiety that my exam resuésiot as

good as those of my classmates are.

6 Time 3 | feel that it is very difficult for me to adjust
management between my academic and social activities.
stress

7 Self-inflicted 6 | have no interest in some subjects.

stress
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Try out

The draft scale was administered on a sample 76f $condary

school students of ninth standard selected thraigitified sampling technique.
The strata considered are gender of students,litjocand type of

management of the school. For the try out, thestigator sought permission from
the concerned authorities and administered thee dnathe assigned class. Proper
instructions were given regarding the procedurepeeislly the method of
responding. Doubts were clarified during the adstmation of the scale. When the
students completed their responses, the sheetscaeeted back and scored as per

the scoring procedure.

The 370 response sheets obtained were scorechartdtal score for each
sheet was calculated. Then these sheets were edrangiescending order of the
total score and the lowest and highest 27 perdaifiea370 sheets (100 sheets each)
were separated. The mean and standard deviati@nettfor each item for the
lower and upper groups were calculated separaldig. critical ratio for testing
significance of difference between two means feogdaindependent groups was

calculated for each item using the formula

My =M,
o?  of
N TN,

where M is the mean score on an item in the Scale on Acamd8tress for the upper

group, M is the mean score on the item for lower group, is the standard
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deviation of the scores for that item for upperugrando,, is the standard deviation

of the scores on the item for the lower group.

After calculating critical ratio, items having tical ratio greater than or
equal to 2.58 were included in the final scale. @ktils of items analysis of Scale

on Academic Stress is given in table 11.

Table 11

Data and Results of Item Analysis of Scale on Acéxi8tress

Iltem

No. M1 “1 M2 - t-value Remarks
1 4.26 1.03 2.39 1.24 11.56 Accepted
2 3.90 1.00 2.59 1.27 8.09 Accepted
3 3.73 191 2.79 1.23 6.11 Accepted
4 3.78 .83 2.73 1.44 6.27 Accepted
5 4.01 .88 2.76 1.33 7.81 Accepted
6 4.06 1.88 3.26 1.26 5.04 Accepted
7 4.29 71 2.47 1.50 10.95 Accepted
8 3.86 1.02 2.04 1.29 11.02 Accepted
9 4.37 1.96 3.868 1.28 4.29 Accepted
10 3.90 1.10 2.50 1.32 8.12 Accepted
11 3.51 1.16 2.17 1.24 7.84 Accepted
12 3.85 1.06 3.10 1.28 4.49 Accepted
13 4.03 .99 2.32 1.14 11.25 Accepted
14 3.86 1.01 2.14 1.26 10.61 Accepted
15 3.62 1.16 2.19 1.13 8.80 Accepted
16 3.60 1.13 1.98 1.12 10.11 Accepted
17 4.21 .93 2.49 1.47 9.85 Accepted
18 4.29 .80 2.96 1.54 7.61 Accepted
19 3.36 1.03 2.05 1.13 8.56 Accepted
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Ilt\le: M1 “1 M2 - t-value Remarks
20 3.80 1.94 2.57 1.29 7.67 Accepted
21 3.92 .99 2.28 1.03 11.43 Accepted
22 3.85 74 2.55 1.20 9.15 Accepted
23 3.35 1.15 1.85 .94 10.02 Accepted
24 3.97 .78 2.34 1.27 10.90 Accepted
25 4.00 1.96 2.16 1.18 12.03 Accepted
26 4.03 1.95 2.54 1.32 9.09 Accepted
27 4.07 .90 2.39 1.21 11.11 Accepted
28 3.14 1.27 1.75 1.03 8.46 Accepted
29 4.14 1.03 2.93 1.40 6.92 Accepted
30 3.32 1.29 1.82 1.11 8.78 Accepted
31 3.26 1.26 181 1.20 8.32 Accepted
32 4.10 .89 2.54 1.35 9.59 Accepted

The items with critical ratio, ‘t’ greater than58, the tabled value of * t
required for significance at .01 level were selédte the final scale. Thus all the 32
items in the draft scale were selected for the |fisgale. A student needs

approximately 20 minutes to respond to these 3@ste

Scoring Procedure

The Scale on Academic Stress is a five point ltikgpe Scale with
responses- Strongly agrees (SA), Agree (A), Undeti@J), Disagree (D) and
Strongly Disagree (SD). A score of 5 was givendoesponse Strongly Agree, 4 for
Agree, 3 for Undecided, 2 for Disagree and 1 fooigjly Disagree. The minimum

score obtainable in the scale is 32 and maximubhéls
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Reliability

The internal consistency of the scale was estaisby calculating
Cronbach alpha coefficient. The value obtaine®7s(N=370) and hence the scale

can be considered as a reliable one.
Validity

The validity of the present scale was ensuredutjincface validity, content
validity and concurrent validity. Content validity the scale was ensured by taking
much care in framing items for the scale. Suggedftiom experts in the field was
incorporated while preparing the scale. The itemthe present scale were phrased
in the least ambiguous way and the meaning ohalkérms were clearly defined, so
that the subjects responded to the items withofficalty and misunderstanding.
Hence the scale possesses face validity. Concuwedidity of Scale on Academic
stress was estimated by correlating with the softained by 30 students in the
Academic stress Inventory developed by Departmémsgchology, University of
Calicut. The correlation coefficient obtained i897ndicating that the scale is valid

to measure Academic stress among secondary sdiadeiss.

A copy of the final form of the Scale on Acaderfsitess (Malayalam and

English version) is appended as Appendix 4.
Test of Problem Solving Ability in Mathematics (Sunangala & Rinsa, 2008)

Test of Problem Solving Ability in Mathematics @beped by Sumangala
and Rinsa (2008) was adopted for measuring ProBlelving Ability of students in

Mathematics. Six types of problems viz., Logicablgems, Algorithmic Problems,
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Story Problems, Rule using Problems, TroubleshgotiProblems, Situated case
Problems are included in the test and there am@&iple choice items in the test.
The total time limit for the test was fixed as 3fuates. The number of items under

each type of problem is given as table 12.

Table 12

Number of Items based on Types of Problems

Sl. No. Types of problems No. of ltems
1 Logical problems
2 Algorithmic problems
3 Story problems 2
4 Rule using problems 7
5 Troubleshooting problems 2
6 Situated case problems 1
Total 25

The types of problems included in the test ardamed with sample item

from each.

Logical problems

Logical problems are problems that need mentaitygctiarity and logical

reasoning to reach at the solution.

Example: Raman walks in front of Krishnan, Rajarikean front of Rama, Sethu

walks in front of Rajan and Sita walks in frontR&ma. Who is at the last?
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Sita
Krishnan
Sethu

Rajan
Algorithmic Problems

For solving such problems, learners need to seledt present the proper

sequence of operations.
Example: If £=12, 13 + 22 =32 13+2%+3%+4°=10 then $+2%+3%+43+53+6° =2

212
15
62

21
Story Problems

Story problem is a mathematical exercise wheraifsignt background
information needed to solve an algorithm is presgrs a text. Using this, learners
find out a mathematical equation for solving theljdem; extract the values for the

narrative and solve for the unknown quantity.

Example: Bimal went for a walk after sunrise in galy morning. After a while he
met Stephen who was coming from the opposite dimect While talking to
Stephen, Stephen's shadow appeared on Bimal'ssittgt So which direction was

Bimal facing?
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East
West
South

North
Rule using Problems

Many problems have correct solutions with multigelution paths or
multiple rules governing the process. They tentlawee a clear purpose or goal that
is constrained but not restricted to a specificcpdure or method. The purpose of

rule using problems is to find the most relevaribrimation in the least amount of

time.

Example: If the difference between 6 times andh&8 of a number is 40 then the

number is?

240
320
40

20
Troubleshooting Problems

Troubleshooting Problem is one of the most comrfayms of everyday
problem solving. The primary purpose of troubleshmapis fault state diagnosis.
That is, some part of a system is not functionimgpprly, resulting in a set of
symptoms, which have to be diagnosed and match théhuser’'s knowledge of

various fault states. Troubleshooting skills regsia combination of domain and



e///ﬂlﬁm/(z/(zof/y 114

system knowledge, troubleshooting strategies sw&lsemrch and replace, serial
elimination, and space splitting and experienceesehskills are integrated and

organized by the trouble shooter’s experience.

Examples: Find three different numbers in which sioen of reciprocals of these

numbers is a natural number?

1,2,3
2,5,6
1,3,6

None of these.
Situated case Problems

Case problems are situations. Case problem rexthieesolver to articulate
the nature of the problem and the different perdpes that impact the problem
before suggesting solutions. They are contextudl jastifying the decision is the

most important process in solving the problem.

Example: A soap measures 5cm x 4cm x 1.5cm. Holwwadl find how many soaps

a card board box can contain, which measures 5548tm x 15cm.

DX4X 15
55X 48 X 15

S5X4X15
55+48+ 15

55x48 X 15
5X4K15

35+48+ 15
54 X115
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Scoring procedure

The test contains 25 multiple choice items andrédsponses are given as a,
b, ¢ and d among which one is the correct answettlam other three are distractors.
A separate answer sheet is provided along withtése which contains the four
options for each item. A respondent has to markhéisresponse by putting o/()
mark against a letter denoting the answer thathleeitsinks as the correct one. For
each correct response a score of 1 is assigneceasarzero score is given for an
incorrect response. The maximum score obtainableéhen test is 25 and the

minimum is zero.
Reliability

The test developers have reported the reliablggfficient as .75 calculated
by test- retest method (N=40). Hence the scoreth@ftest can be considered as

reliable.
Validity

Concurrent validity of Test of Problem Solving Alyi in Mathematics was
established by correlating the score of the tesh wilhe marks obtained by the
students in another test of Problem Solving AbiltyMathematics developed by
Sumangala and Vijayakumari (2000) using Pearsorosliet Moment Coefficient
of Correlation. The correlation coefficient obtains 0.59. A significant positive
correlation between the scores of the two testatels that the test is valid to

measure Problem Solving Ability in Mathematics.
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A copy of the Test of Problem solving ability inahematics is appended as

Appendix 5.
Mathematics Anxiety Scale (Sumangala & Malini, 1998

The variable Mathematics Anxiety was measured qudine Scale of
Mathematics Anxiety developed by Sumangala and a{il993) after re-
standardization with the consent of the originaladepers. This scale is in the form
of a five point Likert type Attitude scale and i#ended to measure the extent of
fear or the feeling of apprehension in working wilathematics on the assumption
that a feeling of apprehension would possibly spstudent into working hard and
hence improve his/her performance. If the apprdabans so intense that the normal
reasoning process is inhibited, then it is fear hedce debilitating anxiety. The
original scale consists of 29 statements in whi8ha& for measuring debilitating
anxiety and 6 are for measuring facilitating anxidto each statement, students are
to respond in any of the five ways, viz., Strongyree (SA), Agree (A), Undecided

(U), Disagree (D) an&trongly Disagree (SD).
Example:

Debilitating anxiety: In the classroom, | face wiffities while doing calculations

which | use daily.

Facilitating anxiety: Even if my answer is wrongyill do calculations on the board

if | get a chance.

As the scale was prepared more than 20 years backs re-standardized by

the investigator. The Mathematics Anxiety Scale wadministered on a sample of
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370 secondary school students selected by stchtth@dom sampling technique
giving due representation to gender of the studémtale of the schools and type of
management of schools. The 370 response sheetsaabt@ere scored and the total
score for each sheet was calculated. Then thestsshere arranged in descending
order of the total score and the lowest and higB&spercentage of the 370 sheets
(100 sheets each) were separated. The mean ardhstaseviation obtained for

each item for the lower group and upper group wateulated separately.

Then t-value for each item was calculated usiegfdhmula

MM

2
91,9
Ni Nz

where M is the mean score on Mathematics Anxiety obtairedah item for the
upper group, Mis the mean score on Mathematics Anxiety obtaiioedhat item
for lower group,o1 is the standard deviation of the Mathematics Atyxgeores for
that item for upper group aneh is the standard deviation of the Mathematics
Anxiety scores for that item for lower group: &hd N stand for the size of upper
and lower group respectively. After calculatingtical ratio, items having critical
ratio greater than or equal to 1.96 were seleatedhie final scale. The details of

item analysis of Mathematics Anxiety scale are giwetable 13.
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Data and Results of ltem Analysis of Mathematicaein Scale (N=-N>=100)

Item

NG M1 o1 \YP) 02 t-value Remarks
1 2.20 1.35 4.30 1.13 11.88 Accepted
2 2.60 1.33 4.38 0.70 11.79 Accepted
3 2.67 1.31 4.01 1.07 7.89 Accepted
4 2.83 1.36 3.97 0.90 6.96 Accepted
5 3.07 1.40 3.96 1.01 511 Accepted
6 2.35 1.22 3.91 0.98 9.91 Accepted
7 2.58 1.34 2.88 1.35 1.57 Rejected
8 1.75 1.14 3.08 1.45 7.17 Accepted
9 2.84 1.38 3.94 1.02 6.44 Accepted
10 2.48 1.12 2.87 1.21 2.35 Accepted
11 3.07 1.38 4.18 0.94 6.60 Accepted
12 2.07 1.13 3.79 1.10 10.84 Accepted
13 2.14 1.24 3.90 1.05 10.75 Accepted
14 2.92 1.24 3.61 1.17 4.03 Accepted
15 1.88 1.05 3.67 1.23 11.03 Accepted
16 2.12 1.28 4.29 1.14 12.56 Accepted
17 2.32 1.20 3.92 1.04 10.04 Accepted
18 1.83 0.94 3.53 1.30 10.55 Accepted
19 1.28 0.60 3.32 1.37 13.56 Accepted
20 1.87 1.16 3.47 1.34 8.98 Accepted
21 2.00 0.99 3.92 1.05 13.26 Accepted
22 2.20 1.19 2.45 1.29 1.42 Rejected
23 2.38 1.10 3.93 1.06 10.08 Accepted
24 2.64 1.32 2.84 1.23 1.10 Rejected
25 2.62 1.24 4.13 0.97 9.56 Accepted
26 2.43 1.09 4.06 0.91 11.40 Accepted
27 2.27 1.21 2.53 1.29 1.46 Rejected
28 2.63 1.31 2.81 1.32 0.96 Rejected
29 2.58 1.27 4.05 1.18 8.45 Accepted




AMellhodo gy 119

Items with critical ratio greater than 1.96, treue required for significance
at .05 level were selected for the final scale.sSTBd items were selected for the
final scale and five items were rejected. Amongt@rms, one item is for facilitating
anxiety and the 23 items are for debilitating atxieA student needs

approximatelyl5 minutes to complete responseseo®hitems.
Scoring Procedure

The Mathematics Anxiety Scale is a five point lttkBcale with responses-
Strongly Agree (SA), Agree (A), Undecided (U), Dgsee (D) andStrongly
Disagree (SD). For a debilitating Anxiety item, teores assigned are 5, 4, 3, 2 and
1 and for facilitating Anxiety item, the scoresigesd are 1, 2, 3, 4 and 5 for the
responses SA, A, U, D arfeD respectively. The sum of scores for all the gam

the score on the Mathematics Anxiety Scale.

The revised version of Mathematics Anxiety scalatains 24 items and the

minimum score obtainable is 24 and the maximumesisot 20.
Reliability

The test developers have claimed that the teststreeliability coefficient as
.86 (N = 35) and the Cronbach’s Alpha coefficiest.80 (N = 100). Cronbach
Alpha coefficient was calculated for the revisedsw@n of Mathematics Anxiety
scale to test the internal consistency of the sddle value obtained is .85 indicating
that the scale is a reliable one. The alpha coeffiovhen each item is dropped is

given as table 14.
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Table 14

Item — Excluded Alpha Coefficient for the Mathergsfnxiety Scale

Item No. Cronbach's Item No. Cronbach's
1 0.830 13 0.842
2 0.825 14 0.832
3 0.833 15 0.828
4 0.831 16 0.831
5 0.836 17 0.830
6 0.828 18 0.829
7 0.838 19 0.831
8 0.835 20 0.822
9 0.842 21 0.827
10 0.836 22 0.831
11 0.828 23 0.827
12 0.829 24 0.830

The values of Alpha coefficient when each iterdrispped from the set of 24
items are less than the value obtained from thieeesdt of the 24 items and hence

the 24 items in the scale sufficiently explains ¢bastruct, Mathematics Anxiety.

Thus the items of the revised version of Matheosat\nxiety Scale are

internally consistent and hence the scale is riegliab

Validity

The statements of the original scale were phras#te least ambiguous way
and hence wording of the statement will suggesttti@scale is a good measure of

Mathematics Anxiety. So it can be said that théesbas face validity.

Construct validity of the scale was examined bg ttevelopers through

testing the following hypotheses.



AMellhodo gy 121

I. The measure of the scale will discriminate gigantly between high and

low achievers in Mathematics.

il The measures of the scale will be negatively rdlédemeasures of the scale
of Self Concept in Mathematics by testing, usirgpeple of 30 students the
above two hypotheses were found confirmed. (t-v8B1207 and r = -.632).
Validity of the scale was estimated empirically dymparing the scores on
the scale with the scores of Kerala Examination iétyxscale (Nair,1976)
and by correlating with Achievement scores in Mathtics. The correlation

coefficients obtained are .57 and -.64 (N = 40peesively.

As no change in the structure of the scale wasemih@ revised version of

the scale is also valid to measure Mathematics étgaf secondary school students.
A copy of the final Mathematics Anxiety Scale [ganded as Appendix 6.

Locus of Control Scale (Kunhikrishnan & Mathew, 19&, Re-standardized by

Manikandan & Sujisha, 2017)

The scale was developed by Kunhikrishnan and Ma{i®©87) on the basis
of Rotter I-E Scale and Reid-Ware Three Factore&sche original scale contained
70 items with possible responses as right or wrding items are to be scored in

favour of external locus of control.

The original scale was re-standardized by Manikanand Sujisha (2017).
The modified scale contains 46 items, the pattérregponding and scoring being

the same as the original version.
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Example: If you start a day well, all the othenties of the day will be good.
Scoring procedure

For an item indicating external Locus of Conteokcore of ‘1’ is to be given
for the response ‘Right’ and for the response ‘Vigtarero. For the reverse items,
the scoring is in the reverse order. The total sattainable in the scale is 46 and

minimum zero.
Reliability

Reliability of the original scale was estimateddpjit- half method (N=200)

and the reliability coefficient reported is .825.

Reliability of the modified form was estimated ®anikandan and Sujisha
(2017) using test- retest method and reliabilityefioient obtained is .78. The

values show that the scale is a reliable one.
Validity

Criterion related validity was established by takthe external criterion as
the scores on Locus of Control Questionnaire (Kkmétinan, Chandran &
Kuruvilla, 1979). The correlation coefficient obtad is .72 which indicates that the

scale is valid to measure Locus of Control.

A copy of the Locus of Control Scale is appendedppendix 7.
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Data Collection Procedure

After making a clear idea about the sample, theestigator prepared a
detailed plan of procedure for data collection. Timneestigator visited the schools
selected for data collection and sought permisgiom the heads of the institution
officially. After getting permission, the investiga contacted the teachers in charge
of the assigned classes and informed them aboutahee of data collection. Six
instruments were to be administered among studentsder to collect necessary
data and it took approximately 3 hours to compléte administration of the
instruments. The investigator informed the purpasd nature of data collection
procedure to students and ensured the confidaptailidata. After seeking their co-
operation the investigator administered the insamt®s one by one by giving proper
instruction and working out examples (especiallyNt@athematical Creativity Test).
While administering the Mathematical Creativity Taad Test of Problem Solving
ability in Mathematics, the time schedule was #yricfollowed. For other
instruments, when students completed their resggaioseone instrument, the sheets
were collected back and the next instrument wasilised. At most care was taken

to make the data collection procedure uniform tohal groups.
Scoring and Consolidation of Data

The response sheets were sorted and arrangectttier ach participant.
The incomplete response sheets were discardedjf amte response sheet of a
participant is found to be incomplete, the entie¢ of response sheets of that
participant was rejected. This reduced the finat@a size to 700, though data was

collected from 800 students.
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The breakup of the final sample was presentejurd 3.

Kerala
70C
|
|
Urban Rural
37¢ 321
| | | |
Government Aided Government Aided
192 187 17t 14€
Boys Girls Boys Girls Boys Girls Boys Girls
104 88 87 10C 7S 96 62 84

Figure 3.Breakup of thdinal sample

Each response sheet was scored based on thegspmaedure and tabulated
in the Excel worksheet. The statistical analysis warried out using statistical

package for social sciences (SPSS) and JAMOVI.

Statistical Techniques

The data collected was systematically tabulateshsolidated and
subjected to suitable statistical analysis. Thi$ geals with a detailed description of
statistical techniques employed to test the teitalof the hypotheses formulated for
the present study. Statistical techniques usedherpresent study are explained

below.
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Preliminary Analysis

Descriptive statistical measures such as meamgatd deviation and deciles
of the scores on dependent variable were calcultdedhe total sample and
subsamples based on gender of the students, Joealtt type of management of
school. 99 percent Confidence Interval for MeanMathematical Creativity was
calculated to estimate the population mean. Skesvremsd Kurtosis of the

distribution for the total sample were also calteda
Pearson’s Product Moment Coefficient of Correlation

Pearson’s correlation coefficient is the testisfiat that measures the
statistical relationship between two continuoudaldes. It gives information about

the magnitude of the correlation, as well as thedtiion of the relationship.

Pearson’s Product Moment Coefficient of Correlatis’ was used to
estimate the extent of relation between Mathemlat@aativity and the select
Psychological variables. Shared variance ¥ 100) was calculated to know the

variance accounted for by one variable on other.
Multiple Regression Analysis

Multiple regression equation for Mathematical @rety with problem
solving ability in mathematics, academic stressthematics anxiety, locus of
control and optimism was developed. The method oltiple regression analysis
deals with estimating a dependent variable fromesgombination of a number of

independent variables.
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Multiple regression analysis is used to explam blationship between two
or more independent variables and one dependeiaiblar A dependent variable is
formed as a function of several independent vaggbivith corresponding
coefficients, along with the constant term. A ragien equation is developed to

predict the dependent variable from the selectpeddent variables.
The multiple regression equation can be explaased
y=hbixs +pxo+ ... + bxn + C.

Here, h,by.....b, are the regression coefficients, which repredemtvalue at which
the criterion variable changes when the predictmiable changes. The b values
explain the degree at which each predictor variatfects the criterion variable

when the effects of all other predictor variables kept constant.

Multiple regression analysis was used for the gmesstudy to predict
individual and joint effect of the select psychatay variables on Mathematical

Creativity. Forced entry method was used for tisisgl JAMOVI

Regression analysis being a parametric test haatisfy some assumptions,
major ones being the assumptions on Homoscedgsticdiutocorrelation,

Multicollinearity and Normality of the residuals.

While using multiple regression, first of all tipeedictor variables must be
measured in an interval or ratio scale (or dichaos) and the criterion variable
must be quantitative/ in interval or ratio scalenttnuous and unbounded. Also the

predictor variables are expected to have non zariamnce.
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Homoscedasticitymeans equality of the variance of the residualgaath
level of the independent variables. The assumptibinomoscedasticity can be
tested through Levene’s test or can be interprigted the data through scatter plot

of standardized residuals against standardizedgbeeldvalues.

Autocorrelation means when regression analyspgerformed on data taken
over successive time intervals the residuals atenoforrelated. Assumption of
independent error or absence of autocorrelatiorbeatested by calculating Durbin-
Watson statistics. The value varies from zero tor,fas a rule of thumb, it is
accepted that a value less than one or greater ttivee indicates presence of
autocorrelation. A value greater than one, neartw® indicates lack of

autocorrelation.

Multicollinearity is the existence of linear retatships between two or more
independent variables. The presence of multicallie between variables causes
some difficulties with the regression analysis.itSghould therefore be ensured that
the data do not show Multicollinearity. The assuorwpof multicollinearity can be
tested using Variance Inflation Factors (VIF). \AHess than 10 and tolerance
statistics greater than .2 indicate absence ofltimelation between the predictor

variables.

The assumption of normality determined by underh@siduals are normally
distributed and is tested by using Shapiro — W8kt tIt is assumed that the residuals

are random variables that are normally distribwtéti mean zero.
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The results of multiple regression analysis arterpreted through the

following values.

Regression Coefficients: The coefficients of thedictor variables in the regression
equation formed are known as regression coeffisi@mt b-values. A positive b-
value indicates a positive relation between thadjtor variable and the criterion
variable, whereas a negative b-value indicatesgatie relationship between the
variables. It indicates the degree of the effectthd predictor variable on the
criterion variable, the effects of other variablesing considered as constant. t-
values calculated for each b-values gives idea talwchether the b-value is
significantly different from zero. Variables with ron-zero b-values are taken as

significant predictors of the criterion variable.

Standardized Regression Coefficients: Phealues are the standardised b- values
which are independent of the units of measuremime. beta value explains the
number of standard deviations that the criterioriaide will change as the result of

change in the predictor variable by one standavihtien.

Structure Coefficient: It is the coefficient obtath by dividing the bivariate
correlation coefficient between the predictor vialgaand the criterion variable by
the multiple correlation. A squared value of stanat coefficient gives information
on how much variance d®? effect, the predictor can explain or the explained

variance accounted for by the predictor variabiglé£i, 2017).

R and R: R is the correlation between the observed angtbdicted values of the

dependent variable. Rindicates how close the observed data are to ithe f
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regression line. It is the percentage of variabothe amount of variance in the data

explained by the modieF-value is calculated to know the significance &f R

Adjusted R denotes the amount of variance in Y accountedhyahe model
if it is derived from the population than the samphlues. A negligible difference
between R and adjusted Rshows the model is valid to predict the criterion

variable. That is adjustec?Rs calculated to cross- validate the regressiodeho

Proportional reduction in error (PRE): PRE is asheixfor the extent that knowing a
variable helps to predict the criterion variableva#lue of zero indicates no reduction
in error where as a value of 1 indicates comple¢gliption. Usually a value greater
than .4 is taken for representing a strong redoctio error. It is calculated by
finding the difference between the residuals of mhedels with and without the
variable and dividing it with the residual in theodel without that predictor

variable.
Conclusion

This chapter focuses on the method, participantstyuments used, data
collection procedure and the statistical techniquesd for analyzing the data. A
detailed description of the instruments developsd tie investigator is also

attempted in this chapter.



Chapter 4

ANALYSIS AND INTERPRETATION

Extent of Mathematical Creativity
among Secondary School Students
Relationship between
Mathematical Creativity and the
Select Psychological Variables
Efficiency of the Select
Psychological Variables in

Predicting Mathematical Creativity



Analysis of data is a vital step in research &=lps the researcher to address
research questions or testing the hypotheses. Ashdih and Rossman (1990)
describe, analysis of data helps to arrange thieatetl data in order, makes it
structured and gives meaning by describing thereatfi the data and coming up

with findings and their conclusion.

This chapter includes analysis of the data cadlcfollowed by discussion
of the results. Analysis of the collected data wase according to the objectives

and hypotheses of the study and the details aenginder the major headings viz.,

> Extent of Mathematical Creativity among secondahosl students.

> Relationship between Mathematical Creativity angl sklect Psychological
Variables.

> Efficiency of the select Psychological VariablesARredicting Mathematical
Creativity.

The major objectives based on which analysis vea ére the following.

. To find out the extent of Mathematical Creativitm@ng secondary school

students of Kerala.
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. To find out whether the select psychological vdeabare significantly

related to Mathematical Creativity of secondaryosttstudents.

. To develop a regression equation for predictinghdatatical Creativity with

the select psychological variables.

. To find out the relative efficiency of the selecyphological variables in

predicting Mathematical Creativity.
Extent of Mathematical Creativity among Secondary $hool Students

The Mathematical Creativity Test used in the stuidy measuring
Mathematical Creativity among secondary school estitel of Kerala contains 10
items and the scoring pattern of the test sugdkatshe minimum score on the test
is zero, but there is no maximum score. In the datkected from 700 secondary

school students, the least value obtained is twictla®m maximum value is 201.

To know the extent of Mathematical Creativity amgosecondary school
students, the mean, standard deviation and 99 mgecoafidence interval for mean
were calculated for the total sample and the supksmbased on gender of the
students, type of management and locale of theoéchbe values are given in table

15.
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Table 15

Extent of Mathematical Creativity among Secondatyo®! Students

99 Percent Confidence Interval

Group N Mean SD — —
Lower Limit Upper Limit

Total 700 79.1 35.5 75.63 82.56
Boys 332 80.9 35.3 75.91 85.89
Girls 368 775 35.6 72.72 82.28
Government 367 73.9 33.2 69.48 78.31
Aided 333 84.9 37.1 79.65 90.14
Urban 379 811 30.7 77.03 85.16
Rural 321 76.8 40.4 70.98 82.61

Result and Discussion

Table 15 shows that the mean score of MathemaTicetivity obtained for
the total sample (N=700) is 79.1 with standard aléemn 35.5. The 99 percent
confidence interval for mean is (75.63, 82.56).sTimdicates that the probability
that the mean score of Mathematical Creativity @omdary school students of
Kerala will be in between 75.63 and 82.56 is .88, probability that the value may

be outside this interval is being less than or btua?1.

The mean score of Mathematical Creativity obtaif@dboys (N=332) is
80.9 with standard deviation 35.3. The 99 percemtfidence interval for mean is
(75.91, 85.89). This indicates that the mean sofr&athematical Creativity of

secondary school boy students will be in betweeBI7&nd 85.89 with a confidence
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of 99 percent and the maximum number of casesttiagtlie outside this interval is

only 1 out of 100.

From table 15 it is found that the mean score @itidmatical Creativity
obtained for girls (N=368) is 77.5 with standardvidéon 35.6. The 99 percent
confidence interval for mean is (72.72, 82.28).sTimdicates that the probability
that the mean score of Mathematical Creativity @famdary school girl students
will be in between 72.72 and 82.28 is .99. The phility that the value may lie

outside this interval is less than or equal to .01.

Table 15 shows that the mean score of MathemaTicetivity obtained for
the government secondary school students (N=3783.8 with a standard deviation
33.2. The 99 percent confidence interval for mea(69.48, 78.31). This indicates
that the mean score of Mathematical Creativity ofegnment secondary school
students of Kerala will be in between 69.48 an@¥8with a probability of .99, the

probability that the value may be outside thisrvaébe less than or equal to .01.

The mean score of Mathematical Creativity obtaiftedhe aided secondary
school students (N=333) is 84.9 with standard dmna37.1(Table 15). The 99
percent confidence interval for mean is (79.65,19)D. This indicates that the
probability of the mean score of Mathematical Qxétgtof aided secondary school
students of Kerala to be in between 79.65 and 98.199, the probability that the

value may lie outside this interval is being Idsator equal to .01.

Table 15 shows that the mean score of MathemaTicetivity obtained for

the urban secondary school students (N=379) is ®itH standard deviation 30.7.
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The 99 percent confidence interval for mean isQ3,785.16). This indicates that it
is 99 percent confident that the mean Mathemat@adativity score of urban
secondary school students of Kerala will be in wieein 77.03 and 85.16.The

probability that the value may be outside thisnvééis less than or equal to.01.

From table 15 it can be seen that the mean sddviathematical Creativity
obtained for the rural secondary school students3gd) is 76.8 with a standard
deviation 40.4. The 99 percent confidence intefealmean is (70.98, 82.61). This
indicates that the probability that the mean sodrglathematical Creativity of rural
secondary school students of Kerala will be in leeiv70.98 and 82.61 is .99. The

probability that the value may lie outside thisemal is less than or equal to .01.

To get a clear picture of the distribution of dataciles were calculated for
the total group and subgroups based on Genderjd.acal Type of Management.

Details are given in table 16.

Table 16

Deciles for the Total group and Sub groups basedender, Locale, and Type of

Management

Deciles
Group Ro P2 P Pawo Pso  Peo P7o Pso Poao
Total 38 48 57.7 66.6 76 84 94.3 107 126
Boys 38.1 47.2 58 69 80 88.6 100 109 131
Girls 38 48 57 65 75 82 91 103 124
Government 35 43 52 61 73 80.6 90 102 119
Aided 422 55 63 72.8 82 89 100 115 132
Urban 44 55 62 72 79 86 94 103 119

Rural 30 41 50 61 74 82 95 112 132
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Results and Discussion

Table 16 gives the values of the deciles calcdlafer the variable
Mathematical Creativity for the total group as 1) 38, Po( D2) 48, Po( D3)
57.7, Ro( D4) 66.6, Bo( Ds) 76, Ro( Ds) 84, Po( D7) 94.3, Ro( Dg) 107 and B (
Dg) 126. The tenth percentile score of Mathematigak@vity for secondary school
students of Kerala is 38 which means that ten péreesecondary school students
in Kerala are having Mathematical Creativity scomeeasured through the
Mathematical Creativity Test is less than 38. Toers of 48 as I3 means that 20
percent of secondary school students of Kerala hsaee on Mathematical
Creativity less than 48. The score of 57.7 as iRdicates that 30 percent of
secondary school students in Kerala have a scorf@aihematical Creativity less
than 57.7. The score of 66.6 as Fheans that 40 percent of secondary school
students of Kerala have score on Mathematical @gatess than 66.6. The score
of 76 as Bvindicates that 50 percent of secondary school stsdef Kerala have
score on Mathematical Creativity less than 76. Stme of 84 asdgmeans that 60
percent of secondary school students of Kerala hsa@e on Mathematical
Creativity less than 84. The score of 94.3 as iRdicates that 70 percent of
secondary school students of Kerala have scoreathdvhatical Creativity less than
94.3. Rois 107 indicating that 80 percent of the entireugr@f secondary school
students of Kerala have score on Mathematical igatess than 107. 8as 126
indicates that ten percent of the population haxereson Mathematical Creativity

greater than 126.
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In the case of boys, the tenth percentile scolathematical Creativity is
38.1, whereas it is 38 for the total group. BegfBr boys is slightly less than that of
the total group and all other calculated percestdee greater than that of the total
group. Ten percent of the secondary school boyestisgdhave score greater than

131, whereas it is 126 in the case of the totaljgro

Table 16 gives the values of the deciles calcdlafier the variable
Mathematical Creativity for the secondary school giudents. All the deciles for
girls are less than that of the total group, exteetfirst and second decilesi¢nd

P20) which are equal to that of the total group.

The nine deciles calculated for the variable Matagcal Creativity for the
government secondary school students as giverble 6 are 35, 43, 52, 61, 73,
80.6, 90, 102 and 119 which are less than thatetdtal group. But in the case of
aided school students, the values of the decillesileéed are 42.2, 55, 63, 72.8, 82,

89, 100, 115 and 132 respectively which are greihi@n the deciles for the total

group.

The values of the deciles calculated for the \weidathematical Creativity
for the urban secondary school students as givefabie 16. All the deciles for
urban school students are greater than that oftdta¢ group, except the decile
values DB, Dgand D which are less than that of the total group. Buthia case of
rural school students, all the decile values asg tean that of the total group, except

D7, Dgand Dy which are greater than that of the total group.
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The histogram and the frequency curve of the dataMathematical

Creativity of secondary school students were dramshpresented as figure 4.
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Mathematical Creativity

Figure 4. Histogram and frequency curve of the distributioh Mathematical
Creativity scores of secondary school students unedsthrough Mathematical
Creativity Test. (N=700)

The histogram shows that the students with higbresen Mathematical

Creativity are comparatively less than that witl kecore.

The values of skewness and kurtosis for Mathemlat@reativity were

calculated. The details are given as table 17.



.X/i?ﬂ/;/,auli and y‘nﬁz@/&%ﬁlﬂ'{ﬂ@ 138

Table 17

Skewness and Kurtosis of the distribution of Matiteral Creativity

Statistic Values SE
Skewness 0.604 0.092
Kurtosis 0.406 0.185

The skewness of the distribution was found to B4 The value shows
that the distribution is slightly positively skewetihat is the number of students
who got higher score is comparatively less tharstbdents who got lower scores in
Mathematical Creativity. The kurtosis value wasnduto be 0.406. The value
suggests a slightly leptokurtic curve. But both ¥la&ies are less than 1.5 indicating
that the distribution is not remarkably deviatimgrh symmetry and the distribution
is mesokurtic. Hence the distribution of scores NMathematical Creativity is not

deviating from normality.

The highest score obtained for Mathematical Cvegtin the sample is 201
but the mean score is 79.1 which is far below tigidst score obtained. On the
basis of the mean score of Mathematical Creatighitained for the total sample
with standard deviation, the deciles for the tggaup, the confidence interval and
histogram representation, it was found that Matheala Creativity is not at a
satisfactory level among secondary school studeinkerala. Below average level
of Mathematical Creativity among secondary schaadents of Israel and Indonesia
was reported in the studies of Aizikovitsh-Udi (20 and Isnani, Waluya, Rochmad

and Wardono (2020) respectively.



.X/;?ﬂ/;/,auli and y‘nﬁ%/z/w/aﬁm/z 139

Relationship between Mathematical Creativity and tle select Psychological

Variables

For the purpose of analyzing the relationship leetw the variable
Mathematical Creativity and the select psycholdgieaiables of secondary school
students, Pearson’s Product Moment Coefficient ofré€lation was used. The
coefficient of correlation was calculated for eagnedictor variable with
Mathematical Creativity and its components viz.,udrcy, Flexibility and

Originality. Shared variance was also calculateceach case and the details are

presented in table 18.

Table 18

Pearson’s Product Moment Coefficient of Correlatiand Shared Variance 4r

x100) for Mathematical Creativity and the Selecyét®ological Variables

Problem , . Locus
. Iy Academic Mathematics -
bl solving ability Stress Anxiet of Optimism
Variable in Mathematics y Control
Mathematical .502** - 173 -.261** -.281** 047
Creativity (25.2) (2.99) (6.81) (7.89) '
Fluenc A489** -.165** -.258** -.284** .025
y (23.91) (2.72) (6.65) (8.06)
.398** - 151** -.185** -.209**
Flexibilit .068
XIoiity (15.84) (2.28) (3.42) (4.36)
367** -.125** -.200** -.190**
Originality 36 > 00 90 .063

(13.46) (1.56) (4) (3.61)
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Result and Discussion

From table 18 it can be seen that Pearson's cweffi of correlation for
Mathematical Creativity and Problem Solving Ability Mathematics is .502. As
this value is greater than tabled value .101 fgnificance at .01 level (N = 700), the
relationship between the two variables are sigaific The positive sign indicates a
positive relationship between the variables. Thgmtade of ‘r' shows that there
exists a substantial relationship between Probleiwii®) Ability in Mathematics
and Mathematical Creativity. The shared variandaiabd is 25.2 and it shows that
Problem Solving Ability in Mathematics accounts &4.2 percent of the variance in

Mathematical Creativity.

The analysis of correlation coefficient obtained Problem Solving Ability
in Mathematics and Mathematical Creativity showhdt tthe two variables are
substantially, positively related and the relatlopsis significant. The same result
was reported by Tyagi (2015) and Kavitha (2009) mgneecondary school students
of India, Moore-Russo and Demler (2018) among ucstrs and staff associated
with a gifted mathematics program in the Unitedt&ta Torrance (1987) and

Ayllon, Gomez and Ballesta-Claver (2016).

When Mathematical Creativity and Academic Stressansidered, the ‘r’
value obtained is -.173, which is greater thane@blalue .101 (N= 700), for
significance at .01 level. Hence Mathematical Gvégtand Academic Stress are
significantly related, but the relationship is niéga and very low. That is,

Mathematical Creativity decreases at a low ratennthe Academic Stress increases.
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Academic Stress is accounted for 2.99 percent efvidwriance in Mathematical

Creativity.

That is Academic Stress and Mathematical Cregtiate significantly
related, the relationship is low and negative. Teta-analysis of 76 experimental
studies conducted by Byron, Khazanchi and Naz4@ah0) supports the finding of

a negative relationship between Creativity andsStre

From table 18, the coefficient of correlation fbe variables Mathematical
Creativity and Mathematics Anxiety (N=700) is -.2@his value is greater than the
tabled value of ‘r (N = 700¢ = .01) showing that the relationship between e t
variables is significant at .01 level. The negatisgn indicates a negative
relationship, explained as for an increase in omeable there is a corresponding
decrease in the other variable. The magnitude’afhiows that the relationship is
low. That is, Mathematical Creativity and MatherogtiAnxiety are significantly
negatively related but the extent of relationstsplaw. When shared variance is
considered (6.812), it can be inferred that thecgmage of variance in
Mathematical Creativity explained by variance intManatics Anxiety is about 6.8

percent.

The study revealed that Mathematics Anxiety andhgiaatical Creativity
are significantly related, the relationship is lawd negative. This finding of the
study is in line with the findings of studies byé&sma (2014), Midhundas and
Vijayakumari (2016) and Johny (2008) among secaondahool students of India.
Haylock (1987) in a study on three middle schoadsnts aged between 11 - 22

years of Norwich, also reported the same resultteflg (2010) also found a
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significant relationship between Mathematical Gketgt and Mathematics Anxiety
and reported that an interposed, intentional egpeg to Mathematical Creativity, at
least in some cases lowers Mathematics Anxiety gmane service elementary

education teachers.

The coefficient of correlation obtained for Mathatioal Creativity and
Locus of Control is -.281. As this value is grediean tabled value .101 for the
significance at .01 level (N=700), the two variabbee negatively related. The ‘r
value has a magnitude that indicates a slight lelationship between the variables.
Locus of Control accounts for 7.89 percent of thewiance in Mathematical

Creativity.

Analysis of correlation coefficient obtained foodus of Control (External)
and Mathematical Creativity showed that the refetiop between the two variables
is significant and the relationship is negative &wl. This finding is agreeable with
the finding of the study by Lather, Jain and Shu{@814) among students of

University of Mysore.

Pearson’s coefficient of correlation ‘r' for Mathatical Creativity and
Optimism is .047. This value is less than the tafalee .078 (N= 700) which shows
that the relationship between Mathematical Cregtivand Optimism is not

significant at .05 level.

That is, Optimism and Mathematical Creativity am significantly related.
This finding is concomitant with the finding of Sdmez, Brufau, Mendez, Corbalan

and Liminana (2010) in the study among Murcia ursitg students from Spain.
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Midhundas and Vijayakumari (2015) found a significapositive and low
relationship between Optimism and Mathematical @ritg among secondary

school students.

From table 18 it can be seen that Pearson's cweffi of correlation for
Fluency and Problem Solving Ability in Mathematitss .489. As this value is
greater than tabled value .101 for significance(dt level (N = 700), the two
variables are significantly related. The positiignandicates a positive relationship
between the variables. The magnitude of ‘r' shohat there exists a substantial
relationship between Problem Solving Ability in Matnatics and Fluency. When
shared variance is considered (23.91), it can lberred that the percentage of
variance in Fluency explained by variance in Pnoblé&olving Ability in

Mathematics is about 24 percent.

When Fluency and Academic Stress are considdredy’tvalue obtained is
-.165, which is greater than tabled value .101 786), for significance at .01 level.
That is, Fluency and Academic Stress are signifigaalated, but the relationship is
negative and very low. That is, Fluency decreaseéenwthe Academic Stress
increases but the rate of change is very low. Wdteared variance is considered
(2.722), it can be inferred that the percentaggasiance in Fluency explained by

variance in Academic Stress is about 2.7 percent.

From table 18, the coefficient of correlation ttve variables Fluency and
Mathematics Anxiety for the total sample (N=700)-.858. This value is greater
than the tabled value of ‘'r (N = 700,= .01) showing that the relationship between

the two variables is significant at .01 level. Tiegative sign indicates a negative
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relationship, explained as for an increase in omeable there is a corresponding
decrease in the other variable. The magnitude’afhiows that the relationship is
low. That is, Fluency and Mathematics Anxiety agnsgicantly negatively related

but the extent of relationship is low.

The coefficient of correlation obtained for Flugremd Locus of Control is
-.284. As this value is greater than tabled valld for the significance at .01 level
(N=700), the two variables are negatively relafgte ‘r’ value has a magnitude that
indicates a slight low relationship between theialdes. Locus of Control is

accounted for 8 percent of the variance in Fluency.

Pearson’s coefficient of correlation ‘r' for Flugnand Optimism is .025.
This value is less than the table value .078, (6)&vhich shows that there is no

significant relationship between Optimism and Flueat .05 level.

From table 18 it can be seen that Pearson's cwmeifi of correlation for
Flexibility and Problem Solving Ability in Mathemas is .398. As this value is
greater than tabled value .101 for significance(dt level (N = 700), the two
variables are significantly related. The positiignandicates a positive relationship
between the variables. The magnitude of ‘r showat tthere exists a low
relationship between Flexibility and Problem Sotyifability in Mathematics. When
shared variance is considered (15.84), it can lerred that the percentage of
variance in Flexibility explained by variance inoBlem Solving Ability in

Mathematics is about 15.8 percent.
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When Flexibility and Academic Stress are considetiee ‘r' value obtained
is -.151, which is greater than tabled value .00 700), for significance at .01
level. That is, Flexibility and Academic Stress aignificantly related, but the
relationship is negative and very low. That is,xHdity decreases by a small
amount when the Academic Stress increases. Acad&tness accounts for 2

percent of the variance in Flexibility.

The coefficient of correlation for the variablekebility and Mathematics
Anxiety for the total sample (N=700) is -.185. Thislue is greater than the tabled
value of r (N = 700,a = .01) showing that the relationship between the t
variables is significant at .01 level. The negatisign indicates a negative
relationship, explained as for an increase in omeable there is a corresponding
decrease in the other variable. The magnitude’afhiows that the relationship is
very low. That is, Flexibility and Mathematics Aety are significantly negatively

related but the extent of relationship is low.

The coefficient of correlation obtained for Fleiktly and Locus of Control is
-.209. As this value is greater than tabled valld for the significance at .01 level
(N=700), the two variables are negatively relafee ‘r’ value has a magnitude that
indicates a low relationship between the variabldse obtained shared variance is
4.368, that is 4 percent variance in Flexibilityeisplained by variance in Locus of

Control.

Pearson’s coefficient of correlation ‘r' for Fléiity and Optimism is .068.
This value is less than the table value .078, (88)#vhich shows that there is no

significant relationship between Optimism and Rbéiy at .05 level.
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From table 18 it can be seen that Pearson's cwmeifi of correlation for
Originality and Problem Solving Ability in Mathemed is .367. As this value is
greater than tabled value .101 for significance(dt level (N = 700), the two
variables are significantly related. The positiignandicates a positive relationship
between the variables. The magnitude of ‘r showat tthere exists a low
relationship between Originality and Problem SaiviAbility in Mathematics.
Problem Solving Ability in Mathematics accounts @ percent of the variance in

Originality.

When Originality and Academic Stress are consiildiee ‘r’ value obtained
is -.125, which is greater than tabled value .18% 700), for significance at .01
level. That is, Originality and Academic Stress argnificantly related, but the
relationship is negative and very low. That is,dgbrality decreases at a low rate
when the Academic Stress increases. When sharghears considered (1.562), it
can be inferred that the percentage of variand@riginality explained by variance

in Academic Stress is only 1.5 percent.

From table 18, the coefficient of correlation fbe variables Originality and
Mathematics Anxiety for the total sample (N=700)-.800. This value is greater
than the tabled value of ‘'r (N = 700,= .01) showing that the relationship between
the two variables is significant at .01 level. Tiegative sign indicates a negative
relationship, explained as for an increase in omeable there is a corresponding
decrease in the other variable. The magnitude’afhiows that the relationship is
low. That is, Originality and Mathematics Anxietyeasignificantly negatively

related but the extent of relationship is low.
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The coefficient of correlation obtained for Origity and Locus of Control
is -.190. As this value is greater than tabled @all01 for the significance at .01
level (N=700), the two variables are negativelyatell. The ‘r value has a
magnitude that indicates a very low relationshipeen the variables. The obtained
shared variance is 3.61, that is 3.6 percent vegian Originality is explained by

variance in Locus of Control.

Pearson’s coefficient of correlation ‘r' for Onwgility and Optimism is .063.
This value is less than the table value .078, (88)Zvhich shows that there is no

significant relationship between Originality andtopsm at .05 level.

Efficiency of the select Psychological VariablesHredicting Mathematical

Creativity

Multiple regression analysis was done to developoael to predict values
of Mathematical Creativity from the select psyclgial variables. Basic input of
regression analysis is the correlation matrix. Toerelation coefficients for the
select variables except Optimism with MathematCedativity were calculated and
the matrix is presented as table 15. The varialgeén@sm was excluded from the
set of predictor variables as the variable was datonhave no significant correlation

with Mathematical Creativity even at .05 level.
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Table 19

Correlation Matrix of the Select Variables with Mamatical Creativity (N=700)

Problem

Sl. . Mathe- Solving Academic Mathematics -OS!S
Variables matical P . of
No g Ability in Stress Anxiety
Creativity . Control
Mathematics

1 Mathematical

Creativity

Problem

2 Solving Ability
in Mathematics .502 -

3 Academic -173 -183 .
Stress

4 Mathematics .., -195 630 ]
Anxiety

5 Locusof _281 -.293 255 178 i
Control

Result and Discussion

Regression analysis being a parametric test hasatisfy some basic
assumptions like homoscedasticity and absence totauelation for the predictor
variables, no multi-collinearity among predictorrigbles and normality of the
residuals. The assumption of homoscedasticity sasfied by the data as the
scatter plot of standardized residuals againstdsialiized predicted values (Figure

5) shows that the data are randomly and evenlyedssgd throughout the plot.



.Xiﬁa/%w’i and jnﬁf/z/z/m/wﬂ'(mf 149

100 ~ o * o
- *
.
. ¢
* 8 :.oo .. .o. ~ * *
4 . + 4,
50 "..0 ...'“fo“... ., . *
o . TR . .
= TR T3 N * . ¢
g o‘t '.?o"’ o.soh %' .0.: é ‘.. ",
E R 2 o TR
—_ *e * 4 ot
RN SRR ML 3 T¥.) ML A
& . 03.£ 3 e .t.’ +8° : ;.o
- LA -
LR L AL SR AL
. P o8, .’.“00.}0' :? A *
AR L I AdiE wt e
-50 4 L eet e AT e
0..
3
¢ .

60 90 120
Fitted

Figure 5.Scatter plot of Zesiquaiagainst Zredicted(Mathematical Creativity).

Assumption of independence of data or absencatotarrelation was tested

by calculating Durbin Watson statistic and the eakigiven in table 20.

Table 20

Statistics for Ensuring Absence of Autocorrelation

Autocorrelation DW Statistic p
.381 1.24 <.01

Durbin Watson test statistic near to 2 indicabeg the autocorrelation in the

set of data can be neglected.

The assumption of multicollinearity was testedngsiVariance Inflation

Factors (VIF) and the values are given as table 21.
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Table 21

Variation Inflation factor of the predictor variabé

VIF Tolerance
Problem solving ability 1.12 0.892
Mathematics Anxiety 1.68 0.596
Locus of control 1.15 0.872
Academic stress 1.72 0.581

The values of VIF for the variables are almosnhd the tolerance values are
greater than .4. Hence there is low level of mallicearity between the
independent variables or the correlation of eacependent variable with other
independent variables is negligible. That is, nooltinearity of the predictor
variables is not remarkable and hence the assumpifo multicollinearity is

satisfied.

The normality of the residuals was tested usingpBba Wilk test, the value
obtained is .991 (.01) which shows a deviation from normality. A® thample
size is large, even a small variation from normgalill be marked as significant by

the test. A Q-Q plot was drawn to depict the disttion and is given as figure 6.
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Figure 6.Normal Q-Q Plot on the scores of Mathematical Gvag

The points lie on the line indicating the normabif the data but at the ends
of the line, points are deviating from the line wlhican be considered as outliers.

Also the sample size is large enough to assumeaiibym

Multiple regression analysis was done for MathérahCreativity with the
predictors Problem Solving Ability in Mathematigscademic Stress, Mathematics
Anxiety and Locus of Control. Optimism was excludezin the list as it was found

that Optimism is not significantly related to Mathatical Creativity.

The details of regression analysis are givenlas 22 and 23.
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Table 22
Value of R, R and Adjusted R for Model 1
R R? Adjusted R
544 .296 292

Table 23
Details of Regression Coefficients

Predictor Regression Coefficients t p
Intercept 81.081 8.67 <01
Problem solving ability in Mathematics 3.822 12.95.01
Academic stress 0.122 1.48 0.139
Mathematics Anxiety -0.458 -4.63 .6l
Locus of control -1.036 -3.95 81

In this model with the predictors Problem Solviagility in Mathematics,

Academic Stress, Mathematics Anxiety and Locus oht®l, the unstandardized

regression coefficient for the variable AcademiaeSt is found to be not

significantly different from zero as the t valuetabed is less than 1.96. Hence

another model 2 was tried excluding the variablad&mic Stress, the details of the

regression analysis with the predictors ProblenviSgl Ability in Mathematics,

Mathematics Anxiety and Locus of Control is giventable 24 and 25.
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Table 24

Values of R, Rand Adjusted Rof Model 2

Overall Model Test

Model R R? Adjusted R?
dh df, p
2 0.542 0.294 0.291 96.5 3 696 .04
Table 25

Details of Regression Coefficients b, Beta andchirne Coefficient for Model 2

Regression Standardized Structure
Predictor gres p Regression -
Coefficients S Coefficient
Coefficients
Intercept 85.827 9.76 81
Problem Solving
ability in 3.808 12.90 <.01 0.435 .926
Mathematics
Mathematics -0.369 470 <01 -0.154 -.482
Anxiety
Locus of Control -0.969 -3.75 81 -0.126 -.518

Table 24 shows that the?Rralue obtained for the model with Problem
Solving Ability in Mathematics, Mathematics Anxiegnd Locus of Control as
predictors is .294. It means that 29.4 percentanfance in Mathematical Creativity
is explained by the regression model developed w#hables Problem Solving
Ability in Mathematics, Mathematics Anxiety and lecof Control. The F-value
obtained shows that this model is a good one (F5,96<.01) to predict
Mathematical Creativity. The value of the adjustedl is .291, the difference

between R and adjusted Rbeing .003. It means that instead of a samplé)ef
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model was derived from population, approximateBg0.less variance will be in the
outcome variable. As this difference is negligikilee regression model is cross-

validated.

Table 25 gives t-values in each case which shbaisthe b-values obtained
differ significantly from zero. Hence the variabl®oblem Solving Ability in
Mathematics, Mathematics Anxiety and Locus of Calnéire significant predictors

of Mathematical Creativity.
With the values of b, the regression model caaXmeessed as

Y! = 85.827+ 3.808 ¥ -0.369%+ -0.969% where Y is the predicted value of
Mathematical Creativity, X score on Problem Solving Ability in Mathematics;

score on Mathematics Anxiety and ¥core on Locus of Control.

The standardized Beta values for the predictoreewesed to derive the

equation for predicting the standardized value atiMmatical Creativity.
The equation of the model is
Z'= .435 Z+ -0.154%+ - 0. 1263

Where 2 is the predicted standard score of Mathematicabtrity, Zi, Z» and 2
being the standard scores of Problem Solving AbifitMathematics, Mathematics

Anxiety and Locus of Control respectively.

The degree to which each predictor variable adfébe outcome variable
Mathematical Creativity provided the effects of #Hie other predictors are kept

constant as well as the relative predictor contrduto the total variance explained
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by the model by interpreting the regression cogdfits and the structure coefficients
is attempted. The individual contribution of theeghictor variables by calculating
proportional reduction in error (PRE) was also ghlted and the results are

explained below.
Problem Solving Ability in Mathematics

The b- value obtained for Problem Solving Ability Mathematics is 3.808
(Table 25) which indicates that when Problem Sav#bility in Mathematics
increases by one unit Mathematical Creativity iases by 3.808 units, when the

effects of Mathematics Anxiety and Locus of Cohére kept constant.

A B value of 0.435 indicates that as Problem Solvihgi# in Mathematics
increases by one standard deviation (4.05), MathieaheCreativity increases by
0.435 standard deviation, provided the effects thieo two predictors are kept
constant. Thus for an increase of 4.05 in Probleisg Ability in Mathematics,

an increase of 15.442 will be there in Mathemati@aativity score.

A structure coefficient § of .923 for the variable Problem Solving Ability
in Mathematics gives a squared as .857indicating that .252 out of .294
(.857X.294), the variance in Mathematical Creayiwtxplained by the model, is

accounted for by the variable Problem Solving Apiin Mathematics.

The residual sum of squares with Problem Solvitglith in Mathematics

and without the variable was calculated and ismga®table 26 and table 27.
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Table 26

ANOVA details for the model with Problem solvingighin Mathematics

Sum of Squares df Mean Square F p
Problem Solving
Ability in 148715 1 148715 166.3 .81
Mathematics
Mathematics 19749 1 19749 221 1
Anxiety
Locus of Control 12583 1 12583 141 &
Residuals 622461 696 894
Table 27

ANOVA Details for the Model without Problem Solvixglity in Mathematics

Mean

Sum of Squares df Square F p
Mathematics 40615 1 40615 367 ol
Anxiety
Locus of Control 49994 1 49994 45.2 A’
Residuals 771176 697 1106

The proportional reduction in error (PRE) for theiable Problem Solving
Ability in Mathematics is 19.28 which means thae tbffect size of the variable
Problem Solving Ability in Mathematics in prediagirMathematical Creativity is
19.28 or 19.28 percent of variance in MathematiCaativity is the unique
contribution of Problem Solving Ability in Mathemes. The individual contribution

of Problem Solving Ability in Mathematics to the ded is 21.84 % (.435X.502).
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Mathematics Anxiety

The b- value obtained for Mathematics Anxiety s369 (Table 25) and it
implies that for a unit increase in Mathematicsiatyx there will be a 0.369 unit
decrease in Mathematical Creativity, provided thfects of Problem Solving

Ability in Mathematics and Locus of Control are kepnstant.

The B value is -0.154 which indicates that an increabeore standard
deviation in Mathematics Anxiety score will bringdecrease of 0.154 standard
deviation in Mathematical Creativity. That is for encrease of 14.8 in Mathematics
anxiety, a decrease of 5.47 will be there in Mathi&ral Creativity provided the
effects of Problem solving ability in MathematicsdalLocus of Control are kept

constant.

An rsof -.482 gives a squared value .232 and .068 o2, the variance

explained by the model is attributable to the \@gdvathematics Anxiety.

The residual sum of squares when the model exslitlghematics Anxiety

IS given as table 28.

Table 28

Details of ANOVA for the Model Excluding Mathemaitiaxiety

Sum of Mean
Squares Square

Problem Solving Ability in
Mathematics

Locus of Control 17240 1 17240 18.% .01
Residuals 642210 697 921

169581 1 169581 184 .81
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The PRE for the predictor variable Mathematics idtw is 3.07 which
shows that the percent of variance in MathemaGeeahtivity uniquely explained by
the predictor variable Mathematics Anxiety is 3.0hat is the effect size of
Mathematics Anxiety in predicting Mathematical Girety is 3.07. The individual

contribution of Mathematics Anxiety to the modebigy 4%.
Locus of Control

A value of -0.969 (Table 25) for b in the casd.otus of Control indicates
that for a unit increase in Locus of Control, thest be a decrease of 0.969 units in

Mathematical Creativity when the effects of otheo fpredictors are kept constant.

The B value is -0.126 which means that for an increasene standard
deviation in Locus of Control, there will be a degrse of 0.126 standard deviation in
Mathematical Creativity, the effects of other twreglictors being kept constant.
That is for an increase of 4.62 in Locus of Contlathematical Creativity

decreases by 4.473.

The structure coefficient for the variable LocusGmontrol is -.518 and the
squared value is .268 indicating that 26.8% of #eplained variance in
Mathematical Creativity by the model is accounted by the variable Locus of

Control.

The residual sum of squares when the model exsliideus of Control is

given as table 29.
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Table 29

Details of ANOVA for the Model Excluding Locus oh@ol

Sum of f Mean

Squares Squares P
Problem Solving Ability in 186126 1 186126  204.3<.01
Mathematics
Mathematics Anxiety 24406 1 24406 26.8 <.01
Residuals 635044 697 911

The PRE for the variable Locus of Control is 1li@8icating that 1.98
percent of variance in Mathematical Creativity @ tunique contribution of the
predictor variable Locus of Control. Also the effsize of Locus of Control as a
predictor of Mathematical Creativity is 1.98. Thedividual contribution of the

variable Locus of Control to the model is only 3.%¢l

The beta weights, structure coefficient, individoantribution and PRE for

the predictor variables are consolidated in table 3

Table 30

Standardized Regression Coefficients, Structure ffiCamats, Individual
Contribution and Proportionate Reduction in Errof the predictor variables in

predicting Mathematical Creativity

Variable B rs  Contribution (%) PRE
Problem Solving Ability in Mathematics0.435 .926 21.84 19.28
Mathematics Anxiety -0.154-.482 4 3.07

Locus of Control -0.126-.518 3.541 1.98
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Table 30 reveals that based on all the three attsnof multiple regression
analysis, Problem Solving Ability in Mathematics tise powerful predictor of
Mathematical Creativity in the model. Basedfnndividual contribution and PRE,
Mathematics Anxiety occupies the second positiothénmodel for the efficiency of
predicting Mathematical Creativity, but the struetgoefficient shows that Locus of
Control has a slight increase in contribution te éxplained variance by the model
in predicting Mathematical Creativity. A changetire relative position may be due
to the relationship between the predictor varigblehich are found to be not

remarkable through the test of multicollinearity.

Thus the variables in the order of effect sizeptedict Mathematical
Creativity in the model can be listed as Problenvig8g Ability in Mathematics,
Mathematics Anxiety and Locus of Control. Sing (@D0as reported that anxiety
and test anxiety inhibit students' Mathematical afiuty, Thakur (2014) found

anxiety as not contributing to creativity of gidat is a facilitator for boys.
Conclusion

The extent of Mathematical Creativity among seempdschool students is
not up to a satisfactory level, the mean scored@®.1 with standard deviation
35.5. The deciles also show that secondary schodésts are not having high level

of Mathematical Creativity measured through thé e@sMathematical Creativity.

The mean score of Mathematical Creativity obtaifedboys and girls are
80.9 and 77.5 with standard deviation 35.3 and .3bléan score for boys are

slightly greater than the mean score of Mathemla@caativityfor the entire group.
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The deciles also show that secondary school baygis are not having high level
of Mathematical Creativity. The mean score of Mathécal Creativity obtained for
the government and aided secondary school studenfg3.9 and 84.9 with standard
deviation 33.2 and 37.1.The mean score for aideddcstudents is higher than that
of government school students and the total grolipe deciles show that
government and aided secondary school studentna@reéhaving high level of
Mathematical Creativity. The mean score of MathérahtCreativity obtained for
the urban and rural secondary school students Ak &1d 76.8 with standard
deviations 30.7 and 40.4. Urban secondary schodests have higher mean score
in Mathematical Creativity than rural students #mel total sample.The deciles show
that urban and rural secondary school studentsnatehaving high level of

Mathematical Creativity.

Problem Solving Ability in Mathematics, Academidress, Mathematics
Anxiety and Locus of Control (external) are foura ke significantly related to
Mathematical Creativity, among which the correlatibetween Problem Solving
Ability in Mathematics and Mathematical Creativisypositive and moderate, but all
other correlations are negative and low. Optimisnfound to be not significantly

related to Mathematical Creativity.

Among the components of Mathematical Creativitipelacy, Flexibility and
Originality are significantly related to Problem I8ng Ability in Mathematics,
Academic Stress, Mathematics Anxiety and Locus aft@l| (external). Optimism
is found to be not significantly related to Fluen&yexibility and Originality. The

correlation between Fluency and Problem Solvindian Mathematics is positive
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and substantial but the correlation with Acadenmiess, Mathematics Anxiety and
Locus of Control (external) are negative and lowrr€lations of Flexibility and
Originality with Problem Solving Ability in Mathentias are positive, but all other

correlations are negative and low.

The model defined by the predictor variables RrwblSolving Ability in
Mathematics, Mathematics Anxiety and Locus of CaintrExternal) is a significant
one with R .294 and Problem Solving Ability in Mathematicgli® most powerful
predictor of Mathematical Creativity among the ahfes in the model. Individual

contribution of the predictor variables in predigtiMathematical Creativity are
Problem Solving Ability in Mathematics (21.84)
Mathematics Anxiety (4)

Locus of Control (3.54)
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This chapter gives a bird’s-eye view of the studger the headings Study in
Retrospect, Major Findings of the Study, Tenabiliy Hypotheses, Conclusion,

Educational Implications and Suggestions for Furiesearch in the area.

Study in Retrospect

The various aspects at different stages of theepteinvestigation like the
Title, Variables, Research questions, Objectivegdtheses, Methodology used are

viewed retrospectively.

Restatement of the Problem

The study focused on finding the efficiency of soselect psychological
variables to predict Mathematical Creativity of edary school students of Kerala.
Thus the study was entitled as “CERTAIN PSYCHOLO&ICVARIABLES
PREDICTING MATHEMATICAL CREATIVITY AMONG SECONDARY

SCHOOL STUDENTS".

Variables Selected for the Study

As the study was to find out the efficiency of tkelect psychological
variables to predict Mathematical Creativity amaagondary school students, the

outcome variable was Mathematical Creativity ane tbelect psychological
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variables viz., Problem Solving Ability in Mathenes, Mathematics Anxiety,

Academic Stress, Locus of Control and Optimism vileegpredictor variables.

Objectives of the Study

The following are the objectives of the study. fiied out the extent of

Mathematical Creativity among secondary schoolesttslof Kerala.

To find out whether the select psychological vdeabare significantly

related to Mathematical Creativity of secondaryosdistudents.

To develop a regression equation for predicting Hdatatical Creativity

among secondary school students with the selechpsygical variables.

To find out the relative efficiency of the seleyphological variables in

predicting Mathematical Creativity of secondarysalstudents.

Hypotheses of the Study

The hypotheses of the study are the following.

There exists significant relationship between R¥pblSolving Ability in

Mathematics and Mathematical Creativity of secopdahool students.

There exists significant relationship between Matagcs Anxiety and

Mathematical Creativity of secondary school student

There exists significant relationship between Acaide Stress and

Mathematical Creativity of secondary school stugent
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Iv. There exists significant relationship between Locok Control and

Mathematical Creativity of secondary school student

V. There exists significant relationship between Omimand Mathematical

Creativity of secondary school students.

Vi. The select psychological variables significantlyegict Mathematical

Creativity among secondary school students.
Methodology
Participants of the Study

The study was conducted on a sample of 700 Seppr&hool Students
selected from Kozhikode, Wayanad, Kasargod, Pathk&ad Kollam Districts of
Kerala. Due weightage was given to the relevangsaps of the population such
as Gender, Type of Management and Locale of theadbclstratified sampling

technique was used for the selection of the sample.
Instruments Used for the Study
The instruments used for collecting data fromgample are

Mathematical Creativity Test (Vijayakumari & Midhdas, 2017)

Test of Problem Solving Ability in Mathematics (Sangala & Rinsa, 2008)
Mathematics Anxiety Scale (Sumangala & Malini, 1993

Scale on Academic Stress (Vijayakumari, Sajmadadéidhundas, 2015)
Locus of Control Scale (Kunhikrishnan & Mathew, 798

Optimism Inventory (Vijayakumari & Midhundas, 2016)
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Statistical Techniques Used
The Statistical techniques used are
Preliminary Analysis

Descriptive statistical measures such as meangdatd deviation, deciles,
skewness and kurtosis of the scores on dependeablawere calculated for the
total sample and subsamples based on the gendalifyaf the school and type of
management of school. 99 percent Confidence IntéovaViean of Mathematical

Creativity was also calculated.
Pearson’s Product Moment Coefficient of Correlation

Pearson’s Product Moment Coefficient of Correlati' was used to
estimate the extent of relation between the seRsstchological Variables and
Mathematical Creativity. The correlation coeffidievas also calculated for the three
components of Mathematical Creativity viz., FluenElexibility and Originality to
find the relationship with the select psychologivatiables. Shared variance was

also calculated for each predictor variable.
Multiple Regression Analysis

Multiple regression analysis was used for predgtindividual and joint

effect of the select psychological variables indoeceng Mathematical Creativity.
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Major Findings of the Study

The extent of Mathematical Creativity among secondahool students is
low [Table 15 & 16, Mean = 79.1, SD = 35.5 &k (75.63, 82.56), 48 =

76]

Mathematical Creativity among boys and girls arentb to be not at
satisfactory level. But boys are found to have ghér mean score in

Mathematical Creativity than girls.

[Table 15 & 16, Boys; Mean = 80.9, SD = 35.396+ (75.91, 85.89), 48 =

80; Girls; Mean = 77.5, SD = 35.6, &l= (72.72, 82.28),43 = 75]

Mathematical Creativity among Government and Aidgedondary school
students are found to be not satisfactory. Aidgubel students are found to
have a higher mean score in Mathematical Creatithgn Government

school students.

[Table 15 & 16, Government; Mean = 73.9, SD = 33299 = (69.48,
78.31), Bo = 73; Aided; Mean = 84.9, SD = 37.1, 4k (79.65, 90.14), 3

= 82]

Mathematical Creativity among Urban and Rural sdeoy school students
are not at a satisfactory level. A higher meanet®found for Urban school

students compared to that of Rural school students.

[Table 15 & 16, Urban; Mean = 81.1, SD = 30.7p6 (77.03, 85.16),43 =

79; Rural; Mean = 76.8, SD = 40.4,4sF (70.98, 82.61), 43 = 74]
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There exists significant, positive and substantialationship between
Problem Solving Ability in Mathematics and Mathemak Creativity of

secondary school students of Kerala (Table 18502, p<.01).

A significant, negative but very low relationshipasv found between
Academic Stress and Mathematical Creativity of sdaoy school students

of Kerala (Table 18, r = -.1735©1).

There exists significant, negative but low relasiop between Mathematics
Anxiety and Mathematical Creativity of secondarii@al students of Kerala

(Table 18, r =-.261,901).

There exists a significant, negative low relatiopshetween Locus of
Control and Mathematical Creativity of secondarigas students of Kerala

(Table 18, r = -.281,501).

The relationship between Optimism and MathematiCatativity is not

significant at .05 level (Table 18, r =.047, p>.05

Problem Solving Ability in Mathematics is signifialy related to Fluency

and the relationship is positive and substantiab(& 18, r = .489,901).

A significant negative and very low relationshigiasind between Academic
Stress and Fluency of secondary school studenkeiEla (Table 18, r = -

165, [x.01).
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There exists significant, negative but low relasiop between Mathematics
Anxiety and Fluency of secondary school studentserfila (Table 18, r = -

258, 1x.01).

There exists a significant, negative and low relahip between Locus of
Control and Fluency of secondary school studentseséla (Table 18, r =-

284, 1x.01).

The relationship between Optimism and Fluency it significant at .05

level (Table 18, r =.025, p>.05).

Problem Solving Ability in Mathematics is signifitidy related to Flexibility

and the relationship is positive and low (Tablerl8,398, g.01).

A significant negative and very low relationshigiasind between Academic
Stress and Flexibility of secondary school studesfterala (Table 18,

r=-.151, g.01).

There exists significant, negative but very low ateinship between
Mathematics Anxiety and Flexibility of secondanhesol students of Kerala

(Table 18, r = -.185,501)

There exists a significant negative low relatiopsioetween Locus of
Control and Flexibility of secondary school student Kerala (Table 18,

r =-.209, g.01)

The relationship between Optimism and Flexibilisynot significant at .05

level (Table 18, r = .068, p>.05).
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There exists a significant, positive and low reaship between Problem
Solving Ability in Mathematics and Originality oesondary school students

of Kerala (Table 18, r = .367g01).

A significant, negative and very low relationshipseen between Academic
Stress and Originality of secondary school studehkerala (Table 18, r = -

125, x.01).

There exists significant, negative but low relasioip between Mathematics
Anxiety and Originality of secondary school studeot Kerala (Table 18, r

= -.200,x.01)

There exists a significant, negative, very low tielaship between Locus of
Control and Originality of secondary school stugderftKerala (Table 18, r =

-.190)

The relationship between Optimism and Originalgynbt significant at .05

level (Table 18, r =.097, p>.05).
The prediction equation for Mathematical Creativity

Yl = 85.827+ 3.808 ¥ -0.369%+ -0.969% (Unstandardized) or

Z'= .435 7+ -0.1542+ - 0. 1262 (Standardized)

The model is good at predicting Mathematical Gvégtamong secondary

school students (Table 24, F =96.5,0q1.).

29.4 percent of variation in Mathematical Creagivis predicted by the

model with the predictor variables, Problem Solviiglity in Mathematics,
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Mathematics Anxiety and Locus of Control (extern@pble 24, R=.542,

R2=.294).

When Problem Solving Ability in Mathematics increasby one unit
Mathematical Creativity increases by 3.808 unitd)ew the effects of
Mathematics Anxiety and Locus of Control are kephstant. (Table 25,

b=3.808).

When Mathematics Anxiety increases by one unit ®.86it decrease in
Mathematical Creativity, provided the effects obBlem Solving Ability in

Mathematics and Locus of Control are kept cons{diatble 25, b= -.369).

For a unit increase in Locus of Control, there i a decrease of 0.969
units in Mathematical Creativity, when the effegtother two predictors are

kept constant. (Table 25, b= -.969).

The effect size of the predictor variables, Probl&wolving Ability in
Mathematics, Mathematics Anxiety and Locus of Cal(xternal) in
predicting Mathematical Creativity are 19.28, 347 1.98 respectively

(Table 30).

Academic Stress is not a significant predictor ohtiematical Creativity

among secondary school students (Table 23, b= 0t22248, p> .05).

The Variables in the order of individual contrilmuti in predicting
Mathematical Creativity among secondary school esttsl are Problem
solving ability in Mathematics (21.84), Mathematisxiety (4) and Locus

of Control External (3.541). (Table 30).
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Tenability of Hypotheses

The tenability of hypotheses was examined on tmesbof analysis and its

findings.

1. The first hypothesis states thathere exists significant relationship
between Problem Solving Ability in Mathematics andMathematical

Creativity of secondary school students

The study found that there exists a significansifpee and substantial
relationship between Problem Solving Ability in Matnatics and Mathematical

Creativity of secondary school students. Hencditbehypothesis is substantiated.

2. The second hypothesis i$Here exists significant relationship between
Academic Stress and Mathematical Creativity of secwlary school

students.

The study shows that a significant, negative lasty/\yow relationship exists
between Academic Stress and Mathematical Creatwisgcondary school students.

Hence the second hypothesis is substantiated

3. The third hypothesis states thafhere exists significant relationship
between Mathematics Anxiety and Mathematical Creatiity of

secondary school students

It was found that there exists significant, negatbut low relationship
between Mathematics Anxiety and Mathematical Cvégtiof secondary school

students. Hence the third hypothesis is substantiat
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4. The fourth hypothesis isThere exists significant relationship between
Locus of Control and Mathematical Creativity of seondary school

students.

The study found that there exists a significargatiee very low relationship
between Locus of Control and Mathematical Creativitf secondary school

students. Hence the fourth hypothesis is substadtia

5. The fifth hypothesis states thafHere exists significant relationship
between Optimism and Mathematical Creativity of seondary school

students.

It was found that there is no significant relasibip between Optimism and
Mathematical Creativity. This finding does not stalngiate the hypothesis and hence

the fifth hypothesis is not substantiated.

6. The sixth hypothesis isThe select psychological variables significantly

predict Mathematical Creativity among secondary schol students.

The study revealed that Problem Solving Ability iMathematics,
Mathematics Anxiety and Locus of Control are sigaiht predictors of
Mathematical Creativity among secondary school esttel. But Academic Stress
and Optimism are found to be not significantly edmiting to predict Mathematical

Creativity. Hence the sixth hypothesis is not catgll substantiated.



e%//m/ma/gz/, Conclusion and p%lyr/wﬁmm 174

Conclusion

The present study was to find out the efficienéycertain psychological
variables in predicting Mathematical Creativity argosecondary school students.
Analysis of data revealed that the secondary sctadents of Kerala are not up to a
satisfactory level in Mathematical Creativity. Pl solving ability in
Mathematics is found to have a substantial posi&lationship with Mathematical
Creativity and its component, Fluency but the refeghip is low with Flexibility

and Originality.

Academic Stress is found to have a negative vew felationship with
Mathematical Creativity and its components fluentgxibility and originality. In
the case of Mathematics Anxiety, the relationshith Wiathematical Creativity and
its components fluency and originality are negaawel low but the relationship is
negative but very low with flexibility. The relanship of External Locus of Control
with Mathematical Creativity and its componentefiay and flexibility are negative
and low but the relationship is negative and vewsy With originality. Optimism is
found to have no significant relation with Mathermoakt Creativity or its
components. The regression model with Problem B8glibility in Mathematics,
Mathematics Anxiety and Locus of Control (Externafds found to be good for
predicting Mathematical Creativity of secondary aahstudents. Problem Solving
Ability in Mathematics, Mathematics Anxiety and luscof Control are found to be
significant predictors of Mathematical CreativiBut only 29.4 percent of variance
in Mathematical Creativity was accounted for whie model and 70.6 percent of the

variance is explained by variables other than éhecs ones.
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Educational Implications

Present study has implications in various dimarsifor students, teachers,
parents, educational administrators and curricutlewelopers. It is essential that
students have a high level of mathematical crdgts® that they can think like a

mathematician and become experts in the field.

The study found that secondary school studenti€epéla are not up to a
satisfactory level of Mathematical Creativity. Mathatics teachers have to reflect
on the classroom environment. The classroom enwviest must encourage
divergent thinking among students. Problem Solvidglity in mathematics is
moderately related to Mathematical Creativity amel telationship is positive. Hence
problem based approach in which more life relatedtructured problems are used
for teaching- learning process may be adoptedanhiag Mathematics. This will
increase the ability to solve problems among sttedend foster Fluency, Flexibility
and Originality in dealing with mathematical contsegnd principles. Teachers must
be given enough freedom to adopt different methanid strategies and they are
expected to be resourceful for being flexible iaitrapproach. The practice of over
emphasizing the textbook and the exercise probleiesild be discouraged. The
assessment practices also have to be changed ® tmakearning more original,
flexible and creative. Structuring questions andipg problems based on the
content discussed in the class and experimentitig warious methods to arrive at a
solution can be recommended for assessment, instéadsking students to

reproduce the answers taught in the class.
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Though the extent of relationship is very low, Bemic stress is found to be
negatively related to mathematical creativity ot@wdary school students. The
overcrowded curriculum for secondary education wake the learning
monotonous and students may feel stress in comgletcademic activities. This
will negatively affect the creative approach tocteag and learning mathematics
and reduce the mathematical creativity of studdhts.recommended to reduce the
curriculum at secondary level and include morevéets related to mathematics so
that students will enjoy learning mathematics. Tdpproaches of teaching and
assessment followed in the education system cr@ateety among students and
anxiety in mathematics is found to be a negativatrdautor to mathematical
creativity. Together with more transparent, sousdeasment practices, regular,
effective guidance and counseling must be a parthefeducation system. The
phobia in learning mathematics should be minimitedugh arranging interesting,
motivating classroom activity, proper counselingd asympathetic approach of

teachers and parents.

An average or a below average teacher will corappletemolish the spark of
creative thinking among students. Only creative @hehted teachers can kindle the
minds of learners with originality in thinking. Thgouth who are creative and

talented have to be attracted to the field of mathtecs education.

Students have to adopt better learning styles lwkitcourage the use of
divergent thinking instead of cramming the formukx®d method of arriving at
solutions. Group discussions and activities arédgcdone in order to share novel

ideas and methods to arrive at solutions.
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External locus of control was found to be a fad¢t@t hinder mathematical
creativity. That is, how the student perceivesahases of his academic success or
failure has a role, though minor one, on matherahticeativity. Parents should
know the belief of their wards on the factors timituence their success or failure,
whether external factors that are beyond their robrdr their hard work and the
efforts they invest in education. The habit ofibttting success or failure to factors
beyond their control must be discouraged by paré€hddren must be encouraged
to take up the responsibility for their succes$adure. Cognitive Behavior Therapy
can be used to change the external locus of cotdrahternal locus of control.
Parents and teachers must appreciate studentiesbéihd support the learners in

setting goals and their successful achievement.

Teachers, curriculum developers and parents rakstihitiatives to improve
the level of mathematical creativity among studeatsessential element for which
is ensuring mastery of the essential knowledge athematics. Bridge courses at
different levels of education will help in this sg and self learning must be

promoted among learners.

Teachers can predict the mathematical creatiigtuwdents using the scores
on problem solving ability, mathematics anxiety @&xternal locus of control. Based

on the level of creativity, teachers can individzelnstruction.
Suggestions for Further Research

At each stage of the study, the researcher ha#tadnsertain delimitations

as well as limitations. It is difficult, if not ingssible, to conduct such a study
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perfectly. Experience of conducting this study made investigator put forward

some suggestions for further research.

° The study can be replicated on other groups ofestisdof different levels
like primary, upper primary, higher secondary anghér education
including more variables like Self- confidence antelligence, related to

Mathematical Creativity.
° Studies of similar nature can be conducted in athbjects like science.

) The study can be replicated by adopting problemedbagpproach to

Mathematical Creativity.

° Development and validation of instructional or heag packages for

fostering Mathematical Creativity can be done.

° Study can be conducted on development of ICT iategr mathematical

modules to foster Mathematical Creativity amongseéary school students.

° Theoretical models for predicting Mathematical aie@tific Creativity can

be developed by incorporating better predictorsranderator variables.
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Appendix 1

Details of the participants for the study

Type of

Districts Name of the Schools Managemnt Locale
GHSS Belluru Govt Rural
MRHS Paravanadukkam Govt Urban
Kasaragod
Sree Anna Poorneswari HSS Agalpadi Aided Rural
Navajeevana Ghss Badiadukka Aided Rural
GHS Valeri Govt Rural
Wayanad GSHSS Batheri Govt Urban
MTDM Thondranadu Aided Rural
GHSS Kokkallur Govt Rural
GHSS Cheruvannur Govt Urban
Kozhikode GHSS Madappalli Gowvt Urban
NHSS Vattoli Aided Urban
TIM HSS Nadhapuram Aided Rural
GVHSS Malapuzha Govt Urban
Palakkad GHS Agali Govt Rural
ST. Peters HS Aided Rural
GHSS Sooraanad Govt Rural
GHSS Punalur Govt Urban
Kollam
KNNM VHSS Pavithreswaram Aided Rural
ST GORETTI HSS, Punalur Aided Urban
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Appendix 2A

MATHEMATICAL CREATIVITY TEST (Final, Malayalam)
Farook Training College, Calicut

Dr. K. Vijayakumari Midhundas A.M

Associate Professor Research Scholar
Farook Training College Farook Training College
Research Centre in Education Research Centre ioafdao
Calicut Calicut

Personal Information
Name of the Student

Name of the School

Class

Gender ; Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban
m13E3Uo6aBUI3:

MIIBB)OS DM@ VOAV(@TVBLHICDH @ GRBHNIMIBS oB@IM)0 G2II3§6BBBIN DI
09 ®anlolee)aND. 60600 G2103§68B3)o (WELEWINS QIOW]2] B06O0 G2103§0MIM)o

@m)u3laflolen)an mlvailo qvaomlm)88108 D000 agf) 9)@)d:.

1) @999 @GSN TMVoaINW@ANIG3 2 om 8 @ren)e «ge®eloe dlolwlen
Nalee)o oenE '8’ @RyE:)y M@ ? (3 mmy3)

=

2) 4% X 1.75gmolem aymyami® olmIolad ag)9)m)d.

Eg: 2+6=8

Eg: %x 175 (a4 dlm3)
3)  80) MLoaly af)9}@] BDIOM (AICDIHDHUB af) 93O,

EQ: o1y -anmyo
(ICOIHOHWB: 1)  aBQalo al0l® GREIMLIVORY

2)  GasoaUIglal qLoalic®o HMWQIAl MonIycL®o CABGIGIE)
an avoey

3) af®) LIS &h)AOS MSIWOLN0 &h)0ajoRlo @BRED Vo
Y@M BHl5)0.



7)

8)

9)

10)
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4)  af®) TLOAILWIAS )OS N)EMlajoeNo al)Rio @EAD &lSg)o.
(3 @lms)

0, 1 agyam? avoayd8)o (Moa 1B BRHAIBOM2Jalc@IUflB9d0) NEMI®  aflam
@380  2alWIUNla] YO0 ‘BM B1SOMSOAUNWODIG3 AlEROQAUUW] VA0S
6B13U3 DENS0HE) .

Eg: 0 X 0+1=1 (s Almyg)

@009 @MIClENM 2l(@EBUW 9alcIUila] AUGIMT® GREMOAUTMIV O)al

6B13U3 DENS0HE) .

®06¢ ®aldlenan all@omiad ‘A’ a3 mlano 'F' @ agyomieajoomss aiy

OYNV®  AUSIBUB HONBOD)E:. (2 almys)
B D

A F

C E
1 elgd, 1/2e093, 1/4eilgd @psanesSlenss «1o(@eBw 9alcwouilaj 3 eillgd
atoeflom MloYenoaam Ay@IM® 01DNE:UB ag)LI®)b.

Eg:3L=1,%, ¥, Y%, 1 (3 mlmys)
Moa Iy V1Pl @RAENEBEHS M)d ' AN alo20AIW] MR IYH:UB af)P}®)b:.
Eg: 18, 1+8=9 (3 mmy3)

MLl MVR2IMOBBUB DalGWIUla] alRIDOOMIENBS 0)al6BBU3 @QI0IHN)H:.

Eg (3 my3)

'S' 8B OB M2 BHOM HFIWYMM AlE@OQIUS] TVOELSBHUB agf)P)®)H:.

Eg:11111 (s almyg)
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Appendix 2B

MATHEMATICAL CREATIVITY TEST (Final, English)
Farook Training College, Calicut

Dr. K. Vijayakumari Midhundas A.M

Associate Professor Research Scholar
Farook Training College Farook Training College
Research Centre in Education Research Centre ioafdao
Calicut Calicut

Personal Information

Name of the Student

Name of the School

Class

Gender : Male / Female
Type of School : Govt. / Aided
Locality X Rural / Urban

Instructions:

Below are a few questions to measure your matheaiatreativity. Read each

guestion carefully and answer each question witheallotted time

1)

2)

3)

Let 2 be 8 in the number machine given belowit&\the ways that make 2 to
8. (3 Minutes)

e T

Write 4 ¥2 X 1.75 differently.

Eg: 2x175 (4 Minutes)

Write a number and its characteristics.

Eg: Zero

Characteristics:

1) The smallest whole number

2) The number that separates the positive nunber the negative number
3) Adding or subtracting any number gives the saonmaber

4)  Multiply by any number and you get zero (3 Minutes)



4)

5)

6)

7)

8)

9)

10)

e%//z/uw(/zwi 218

Create maximum equations with numbers 0 andNdmpers can be used
repeatedly) and mathematical symbols to get 1 awem

Eg: 0 X 0+1=1 (3 Minutes)
Create different meaningful shapes using thups below. (3 Minutes)

/

Find different ways to reach from A to F in figure. (2 Minutes)
B D

A F

C E
Write different methods of filling 3 liters @hilk with 1 liter, .5 liter and .25
liter containers.

EQ:3L=1,%, Y4, Ya,1 (3 Minutes)
Write the numbers in which the sum of the diggt9.
Eg: 18, 1+8=9 (3 Minutes)

Make a variety of shapes using four squares.
Eg: (3 Minutes)

Write numbers that can be made with five ones.
Eg:11111 (3 Minutes)
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Appendix 3A

OPTIMISM INVENTORY (Draft, Malayalam)
Farook Training College, Calicut

Dr. K. Vijayakumari Midhundas A.M

Associate Professor Research Scholar
Farook Training College Farook Training College
Research Centre in Education Research Centre ioafidn
Calicut Calicut

Personal Information
Name of the Student

Name of the School

Class

Gender ; Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban
Instructions:

@069 O05)OI0le0)an AVA3BREBIG MIEBUB DUBOYS®ONNATY AVEsLIf]
B8)>. 30600 TVMBBBOMIM)o @8 ilvosTle06mseBud almo M@ds1I0le)a). 2ilel
Ga[oUd DD aAVMBABREBUI MIBBUT EMOISOTIIDIB:00. @POLIITE @anlolee)an ailwa]
HONEBUE MIBBOS TMVoMITWaflsEOMIBo GPM)CWILSAIDINAT) DI anle0]
G9)0. a)@ENo aBdE3wo MIIBOS MVoMITWla] WaloM c@oan)P®IT Mmoo (V)

CO6ING|S) D10,

1. MIBBU GM®I®Io OBOS}ENM (alABOGMo AUMAlRmo6M.

a) mOM agLINAINES (AIAIBEMMOCDWV0 BNV BGAGEMIFo MSOIW]
©)aM).

b) apenalo) 80)a10S qVaAe 9VERRANC DGIMOW] HaleIaISlal)).
2. (MV)a0JOM)20W] QAIPSHISOLN0 HalOST) EDEMEBB)0.
a) e™OM MV}OLOTICMOS GAINo BHUAHe)o.

b) oM ©alomOA AYBBAICOIS B:HiHOYTNAUMOEN)
3. aV3aoyemilead allglealss Galdd)emIdud mlaBudes aslomdl

a) oM 8 aigal (velaflel

D)  «peOB MV}OIED alosMGI QIS H®QOVIBYAM).
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13.

14.
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M0 ODIOM alloaMoud WeBBUE R0)IM)EaI0W].
a) emomM MeBeMm FMEEBUE BOBOMEOAISN)IMDIGE afloE506M).

b) oM alel &:00y6ERB003 Glosslenloyam).
Mdngloel 80) &5l mlan)o MEBUBHS @PMYERI3Mo LIEla)).

a) eI @PAIBLS QAUSOO® MaYAIE.

b) e®om aigeo (a1voaS®MmOW @RS
M3 2rlawd@ MOoMEOMES aldl(wodla)) MU @I ailerWilay).

a) e®OIM BOYaldS MLAWAI OVBLERAI0 (alalOIMOBIMOW] B aleialay).

b) eagmemamImio emOmB MMMV Ehayen|Sio.
MIEBUW  MBSIOLl (alWIMealg B0) aldlalds]l A0MM)EaIoW.

a) aflel VAVOD of)oM B3 WA alloeH0506M.

D) emom agOd M08 AWOT EMOLHOM AN G lOWl.

M) U8 @0HEIMS)aflTd MBS al00RWeS).
a) MO8 MMMIW] (alal@6Mo ms«msﬂmﬂ%.
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QlRWEH020W] (alMoUilee0m M16BBUWBES MLOWla).
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@BBUBEE BSI0).

a) @RACII®MIOW af)Cand B a)O@ (VRLOITIO]S).

b) emom @RM} AIse® (WBERLIG:)LINIWB)IM).

MIEBBUD af)Gajoo QAUSOO @YEOOWYQAIIMOE).

a) @PMVNINSBS0IVIIV] MM BRWIG:0 @RS)O MSeISIGIAL

b) emom @:y®ITVEVED _eHemanoe all(KAARe POA|AIBMIOIMNE.

mEBW3 aloem® GlaiTvo OSLIENION al)M@do @Bl )jMTIHIM@IM lle @RS
GHO6ENEl AIMm).

a) POMVNTD NEIVWEWd a)MMdo ®Idla)) MBBEHENE Blaimo AN
Galowl.

b) a0leuwes Glossiendloym).

WM™ OIS (@ EA8VIE3 MIEBBUBHS SN0 MLEROMo LIEla)).

a) O $H00LEBUE *HR)ailSlendad emOd @R(NaslBe)aM).
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b)  wem® @RWLdaIBHM AUBEO (alOIMT®MO6T.
mleaBud 680) @oaIgls:; alglad allRolay).

a) GMOIQOMISIEHIM MaYN|SOVD AIYSTIWOEN) EHIM.
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a) @O QAIBOO AOOAVLEBHO20WV)AM).
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Appendix 3B

OPTIMISM INVENTORY (Final, Malayalam)
Farook Training College, Calicut

Dr. K. Vijayakumari Midhundas A.M

Associate Professor Research Scholar
Farook Training College Farook Training College
Research Centre in Education Research Centre ioafidn
Calicut Calicut

Personal Information
Name of the Student
Name of the School

Class

Gender ; Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban

Instructions:

@069  0305) 01NN AVMBBREBUIG MITBUIB DU (SDIOADAT)  AVB: Lo [lo)) .
830600 qvmdsomIm)o oms allvodlmosmsndd allmo m@slwloles)an). aileienjodd
DY AVMBAREBUS MIsBBUT EMOISOTDIMI0. @PELIG1TE @anNIolea)an allvodle0em
B3 MIBOG MVoITWaflsEOMIBo  GOM)EWILR(AINNATY  E@IAN)ANILOWI0le9)0.

ap@lefo aBdE3wo MIEBBOS AVosnITWla] WolO@AT MoaM)AN®IW ¢Mo0 (¥v) Gl
00/S) 010 b
1. MIBBUB CGM®I®Io HBIS}AENM (AlAUBOGMo AUMAlRMmo6M.

a) M agLNAINeS (AIAIBTNMOCHWo BNV GAGEMIFo MSOIW]
©)aM).

b) egena) 80)a10s qVaAe 9VdRRANC DGIMOW] BalrIISla).
2. Va0V QAUILHHISOLN0 HalOSM) EEMEBB)0.
a) EmOM MV}AOJOBIEMOS GAIWO SHUAHD)o.

b) oM ©alomOA AYBBAICOIS B:HiHOYTNAUMOEN

3. LJAOYEY BO) TVEROMOMM) MEBROS BROBR)ME S},
a)  aoyETIM aloleU]G DWAEIN 2038 LIEla]).

b) &¥leom Blainoe emom)e B0) TVEROMO MBIV},
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a) ™M @R aldlaloslolod mlan)o aillgymlmdsen)o.

b) oM @Y a16lalds] AIBOO By 2001 MWIBQYasle)o.
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Appendix 3C

OPTIMISM INVENTORY (Final, English)
Farook Training College, Calicut

Dr. K. Vijayakumari Midhundas A.M

Associate Professor Research Scholar
Farook Training College Farook Training College
Research Centre in Education Research Centre ioafidn
Calicut Calicut

Personal Information
Name of the Student

Name of the School

Class

Gender : Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban

Instructions:

Imagine that you are involved in the following ations. Two explanations are
given for each situations. Sometimes you may haveuatered these situations or
the explanations give may not seem appropriateoto \However mark«) against

what seems to be almost correct about you.

1. The activities that you monitored are always@sss
a) | regularly monitored the activities of all.
b) All of them spent a lot of time and energy tloeir work.
2. Though | quarrel with my friend, | can befriemidnh again shortly.
a) | will forgive him soon.
b) I am generous to forgive others.
3. My friend surprised me by giving a gift.
a) Friend got high score in exam.
b) I also gave a gift last day.
4, You forgot the birthday of your friend.
a) | am very weak to remember those days.
b) I was busy with other things.
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You forgot an important event at school.
a) Sometimes my memory is backwards.
b) I forgot to look at my school diary.
You failed the election.
a) | did not make a good campaign.

b) The student who win the election had good retesthip with many
studnets.

You are always healthy.
a) | used to keep distance from sick persons.
b) I used to maintain food and rest on time.

As | couldn’t return the book on due date frdva library, | had to pay fine.
a) Forgot myself in reading.
b) I was busy with exam preparation.

You got first prize in mathematics fair.
a) | like to explore new ideas.
b) Maths teacher is very famous.

You won an athletic meet.
a) | never like to give up.
b) I tried a lot.

You drew a picture and gave it to your frietadt he didn't give much
attention to it.

a) | am not a good artist
b) I drew the picture in a hurry

You were invited to a game which was going on.
a) | was sitting in the front row
b) They found me as an enthusiastic audient.

| am asked to take leadership on Gandhijayaintiur week programme.
a) | will abstain from the programme.
b) I will participate and complete the programrffeaively.

You have been very tired for a few days.

a) Not get enough time for rest
b) I was so busy in this week.

Your friend told something that hurt you.
a) My friend used to talk without concerning wbé#ters will think.
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b) My friend’s mind was not good at that time arebwed his anger
towards me.

Your friend asked for an advice
a) | was an expert in that matter.
b) I am an expert in giving advices
You are happy in this school.
a) All are very friendly.
b) I am friendly with others.
Your physical trainers said that you are \rezglthy.
a) | often do exercises.
b) I am very conscious in my health.
| am going to the one week vecation trip frarhaol.
a) Anyway | want to spend some days.
b) I like to see new places.
Doctor adviced you not to eat too much sweets.
a) | am not careful in my food habits.
b) I can not avoid sweets, everything needs tevieset.
The class teacher was asked to control anityativhe class.
a) | have successfully completed a similar agtivit
b) I am a good observer.
You and your friends have been at loggerheadsame time.
a) Now a days my mind is not well.
b) My friend shows enemity towards me for few days
You are appointed as the class leader.
a) | solved a major problem in the class.
b) | was the best student in the class.
The marks you got in this last exam are theekiwnarks you have got yet.
a) | did not have clear idea about this examimatio

b) Those content which you considered as imponrarte excluded in
the exam.

If you win a prize in a draw held at school.
a) Chances for that is very small.
b) | chose a suitable number.
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Appendix 4A

SCALE ON ACADEMIC STRESS (Final, Malayalam)
Farook Training College, Calicut

Dr. K. Vijayakumari Sajmadas K.K Midhundas A.M
Associate Professor Research Scholar Researchaschol
Farook Training College Farook Training Coleg  Farook Training College
Personal Information

Name of the Student

Name of the School

Class

Gender : Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban
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Appendix 4B

SCALE ON ACADEMIC STRESS (Final, English)
Farook Training College, Calicut

Dr. K. Vijayakumari Sajmadas K.K Midhundas A.M
Associate Professor Research Sholar Researchaschol
Farook Training College Farook Training College Farook Training College
Personal Information

Name of the Student

Name of the School

Class

Gender : Male / Female
Type of School : Govt. / Aided
Locality X Rural / Urban
Instructions:

The following are some statements related to ytwolys Read each statement and
record how much you agree or disagree with it, nerad in the space provided

against the statement. Assures that your answérdevused for research purposes
only. Write your answers on the answer sheet given.

Item

No Statements

1 The content taught by some teachers are not edetplinderstood.

2 | feel that the instructional plan and reportssofne teachers are very
strict.

3 | spend more time on exams.

4 | am not completely satisfied with the resultshaf recent class exams.

5 | can't sleep well because of anxiety about exams

6 | have to argue with my parents on the exam t&sul

7 My current exam result seems to be very diffefemin the UP school

exam results.
| feel like my parents think | am not serious @tbmy studies.
Some essays require more time to gather magarethinformation.



e%//z/uw(/zwi 236

Item

No Statements

10 | can't keep up with the speed of the instragtigiven by some teachers

11 | can not pace with the teaching style of sosaelhers

12 Excessive amount of information provided by sdeechers hinders the
completion of the study and memorization of theteoh

13 During the exam, | could not remember what | leadned.

14 | am worried about re-writing the exams if I faiit.

15 | am not able to study and practice accuratebabse the class exams and
the content of the subjects change from time tetim

16 While doing learning activities with classmatesues are commen.

17 | am afraid of my incompetence while presensomething.

18 | am anxious while facing an audience.

19 Disputes are there among classmates regardaatg@anc activities.

20 | am worried about my exam results getting woins@ my classmates.

21 | feel difficulty in managing time for curriculaand co-curricular
activities.

22 | can't schedule time for study and extraculaicactivities.

23 Inability to keep in time during exam worries.me

24 My level of learning does not seem to be as gmothat of my classmates.

25 Many exams and learning activities make me gasp.

26 | am not interested in some subjects of study.

27 In high school | failed to perform as | expected

28 | hope my homeworks and reports have improved.

29 | am frustrated when | fail to perform well.

30 Comparing my exam results with other childretk@samne uncomfortable.

31 Negligence of parents on my academic level bstime.

32 | am anxious on whether | could perform as nrgpts expect.
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Appendix 5

TEST OF PROBLEM SOLVING ABILITY IN MATHEMATICS
(Malayalam)
University of Calicut

Dr. V. Sumangala Rinsa P.V
Professor Department of Education
Department of Education University Calicut

University of Calicut

Personal Information
Name of the Student

Name of the School

Class

Gender : Male / Female
Type of School : Govt. / Aided
Locality : Rural / Urban
M13E3U63BUB

DV al0lau]od @O 25 G2I03§6@8B3)E, 3coanIM)o a, b, ¢, dagpan? 4 o

QMOGTBUS 50S)OMIS)MNE. 30600 G2103§lo (Va2 QW2 @IMm)eU0ato (0o]

@)oo 2MqYlEs] MIEBB)HS DOMOEBIBINEMOO ol ( v) @Pswoso

GORIOR[S) ). DADIFB3 AVA@ODIMBBIC3 afLJO ©2103§68BU3H5))0 DN 00

GO S) O10)) .

1 80) 21006050 ailalw Elvoled wlam cMoEn eI LIE1ENMM 2@
BBSB6N MIOY OHHIS)OMIBIHNIND. @Y al0W)MNAUDIES oB@ GEROW]
WO af)®13D)eIEBSI3 QAIEYAN® ?

5 4
34’ 36’46’16’

a) 1,3 b) 1, 4 ) 2,3 d) 4,5

2. (®2mmiclem) @rSINOIMEmIG @rsyeslealafldlesyam 100 oaiwies 35

emog)euB oomlalend &glenms. @rsyemosion (eammud 12965 an
@O@3 @RAINVIMOTM EGMISIHAZ (HANMMIAB of)(@WOWIGBlH0)0?

a) 13999 b) 13000 c) 12999 d) 13001



10.

eﬁl/a/mn(/ima 238

@20 HyaHEMOg mavleno, EORM 00263 MaVleno, GIV®) IR
malene AVl® 0026 MAVIENo MSHN)MM). @RYOIEM aBQalo alOsslel
BBO)?

a) alo b) By atiemad C) cavom) d) oo

B0) GHOBH) 12.00 AG] af)aN TVAWo BHIEMIBNEMIOWE AlM)g V)aflw)o
26mlee)d MV)all@io MAEN88 GE06MSAl ag)(@?

a) 30 b) 3% c) 29 d) 30.5
3,2,7,6,11.. @Grs)om aquoaly a@®?
a) 8 b) 4 c) 10 d) 2

50 2e33nd@ile:wB6as calnEl alenile; MBI #olaum HSCHIV al

0l 8000868 20 06O 008 &5l ®IO® MIIM)o ERWISHS 008,
af) (WM ?

a) 31 b) 30 c) 29 d) 28

830) foaleeal 4 #)5le:u 80) snismileildlena). aMlcd aomy)allen s
©® QloEm)o, 0aoldlo alRI®) AIOMAOWIS DAlenMM). @emleiloay ;s
© QIO 0aoTo. af)MMIM @YOIEM aFQQlo ISCO @RQOI GIHH)
amy?

a) av)mlaed b) momy) C) 0a0’lo d) @rmlod

Deajoud mawo 12.00 aemlwossmeslad 12.30 er@:om Gres: g
OIVBHG  HFlWemo?

a) 30 b) 3600 c) 1800 d) 60

amla¥i B0) aN)SEMNINUE HFHOHOOMIET af)I0 aN)SENINUE BSBlH600)0 W
0)2)BSBAIOEM. af)B1G8 @IOP alOWANADIGE aB® MINAMAEM af)2I0W
Gajo®)o YOBIWOE)IMD)?

a) omla 9VoMBBAIMIN
b) owomssa®oeoe an)SemIoud &Slendnoem)
C) 2WVOMBIAUNOLI aN}SENIOUD HS1BHIOME)

d) oml«ai poonssaimel.
QINCI(BHOEBBIOS @) af)FIPG3 VoA IOV AIEYIN MAT) AU@ITV® Vo
01y B EBO@ELI00?

a) 1,23 b) 2,56 c) 1,3,6 @hiowom)ael



11.

12.

13.

14.

15.

16.

A?Z/&/Mm{/ima 239

(a+b} & alanesomom@d 3 aldeEss)ams
(a+b} o alanes:omom@d 4 aldeEBs)as
(atb) 6@ allanerle:eemoEmI@s 5 alBaEBS)ME.

ap©l@d (a+h) o alaneNe:0emOmIT af)® oI36EBS)ENE?

a) NaiseaBwd b)) N-1aisenud c) n +1laicenyd d) r? aiseBwd
1+2+3+4+5 =—5x(2+1), 1+2+3+4+5+6 5x16+1) (g+l), 1+2+3+4+5+6+7 =
7x(7+1) »

— @eemeslod 1+2+3+4+5+6+7+8 +9+10=2 af)(@@o0lee)o?
2) 8x(2+1) b) [5x(2+1)] C)10><(20+1) d) 10+(;0+1)

13=12, 13+23=3%, B+ 2+ P+ £2=10 epesmslod 13+ 22+ F+ £+
5%+ 6° = ag@wodle)o?

a) 2F b) 1% c) & d) 21
3X=2Y, 2Y=Z @p@o@3 H)S)®@3 aleio8s aldo aB0?

a) X b) y C)z d) apelo sloomlmpe  @)ely
ailel.

®96¢ ®aVIGlE9 MG af)2I0WEa 090 DOSIVoR SOV QIO (&1
COO?

a) DO5IVoaIy X  BQaVoRIY b) mogavoaly + agavoaly
C) 8Qauoaly X 8Qmoely d) sposavoaly % mogaTVoaIY

@069 @aVIGlENMAUVIGE @ MBS0 Dalcorlapad X 6@ allel
&H06mMIo?

90°
X0 X0

a) 186=90 X 2, b) 180=9C° + X

c) 90 + x2 = 18CF d) mawwom)ag



17.

18.

19.

20.

21.

22.

23.

24.

eﬁl/a/mn(/ima 240

@069 OMIGHNT  2l@OBIGE 2IM00 AUIBCMIAUIVWMEHIGOW)o (O]
GH6Mo  BRAIMIOHEOW)o, AUOMo  aldF)HICOWo V) aflafl@®)aM). af)

103 A af)an @RS:U00 af)aROM aV)aflaflenam)?
a) al05)H000W BRAUMIOHRHOO

b) QIdEmO0IWMENI0IW BRAIMIOBHO®

C) ald§)3000W QOB @O MBI D

d) erai®o0m60

80) TLoAILGWIS @RG® TLoRIy @D &)5l &SIV ®)BHVIG3 MIaM)o @R
Moy H0af) HISIV WBlaye@® Mo IL@R0W] )eMila)). WEMManelo 100
@RYWOM3 VoL GW®)?

a) 100 b) 50 c) 20 d) 10

80) MLoAI WIAS 6 NSEBBJo, 8 ASEBJo MAZIENSS AIYMYOTVo 40 G@R)YWIMI
Vo6 BG®) ?

a) 240 b) 320 c) 40 d) 20
Q6MS MVOELIYBHBIONS M 30 Do QAULMYOTVo 20 Yo BRYWIMI MVOELYEBEB®)?
a) 15, 15 b) 38,10 c) 25,5 d) 28,2

@SB82V 4 TVOAIYGBINS @& 50 @YEM. @AVl a@Qaloe alellw
VOB B®) ?

a) 14 b) 24 c) 21 d) 11

B30} ROMVIOL! OaleMB)S1®:S)OS af)sRo AREME)S1HB)0S af)eROMIOag D
OS5IV af)&1T3 @R HOMoLl BYOD >)SlH8)eS ag)%mocoﬂ QIEOM
TMLOWIOTILPOMG @I 2 l0WMNAUVIT B@ Vo6 WO ?

a) 36 b) 48 c) 54 d) 62

B302J00 OO DOMAHAT AVIANo TVIOTIONG ald)OIW)o ONBIVOOD AHM
IS WBBGNOMW ald)@BIW)o MANOAOOTD AHM aflOINWo NIVGHIAIO)
Mo 0SB AUIM ®10)20M2)). all®oQl 2MROTD ABM OB0S)HO)
a0m ®10)20M 2@ ?

a) auiamo quIEmlead Mmoelloalnoy BOVAEN).
b) auiamo quiCNOM} 0MEIGE B0 BOVROEN.
C) auiamo auIEmIem a3 B0 BOVAEN.

d) auiamo muICed 2g)SIe3 B0 BOVMENS.

@P®]00ailoal MV)EELOBVAMIMCUate MIlAG3 MSHHOM MOEBBL.  &)02]
S0 C 003 0 PIAEDIGE UGBV} IVQTanMAOW] H6erByMS].
IY1enMA0W]  MVoVIG]2)OB06MEI0)MEa |03 MUQlaned mle@d enilaeil
03 QILI®) QA GIEMHWINZIV]. af)Esl@3 Mila@d oB® GluoseEia)e
@0@o6M MWIaN®?

a) 196 b) aisleomod C) o de d) aisee



A?Z/&/Mm{/ima 241

25.  80) coaflom @esansud 5 cm X 4 cm X1.5 chepen. momocmlenss
af)(@ GO 55 cm X 48 cm X 15 CMengeans)s,)sle  &08a0
GeNI0BW ©alSIVIG3 B088)0AMT) B6NB)allSlen)M@IN ®IOY 605
QMA@ B (&1 DaleWIUTlEnIo?

a) 5x4x15 5x4x15 55x48x15 c) 55x48x15

—— b Cc
55%x48x15 )55+48+15 ) 5x4x1.5 5x4x1.5




eﬁl/a/mn(/ima 242

Appendix 6

Mathematics Anxiety Scale (Modified-Malayalam)
University of Calicut

Dr. V Sumangala Malini P.M
Professor Department of Education
Department of Education University of Calicut

University of Calicut

Personal Information
Name of the Student

Name of the School

Class

Gender ; Male / Female
Type of School X Govt. / Aided
Locality : Rural / Urban
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Appendix 7A

LOCUS OF CONTROL SCALE (Malayalam)
Department of Psychology
University of Calicut
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