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EFFECTIVENESS OF ART INTEGRATED INFORMATION PROCESSING
MODEL IN ATTAINING MATHEMATICAL OUTCOMES AMONG
SECONDARY SCHOOL STUDENTS

ABSTRACT

Art and Mathematics have been connected throughout the human history, and
that such a connection represents an important area in the development of education
system today. Integrating art into Mathematics instruction not only enriches the
learning experience but also nurtures the holistic development of learners, fostering
their cognitive, affective, and conative growth. Present study is an attempt to find out
whether Art Integrated Information Processing Model (AIIPM), Information
Processing Model (IPM) or Present method of teaching Mathematics is the most
effective in bringing out Mathematical outcomes, viz., Problem Solving Ability in
Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics,
Achievement in Mathematics and reduced Mathematics Anxiety among secondary
school students. The experimental design used for the study is quasi-experimental pre-
test-post-test comparison group design with three unequal groups. The study was
conducted at two levels, for eighth and ninth standard students. For each standard
(VII & IX), among the three intact groups, two groups were selected randomly and
were taught through Art Integrated Information Processing Model and Information
Processing Model (IPM) and the third group was taught through the Present method
of teaching followed in the school (Group 3), providing the usual classroom
experiences. Statistical techniques, such as t test, ANOVA, MANOVA and
MANCOVA have revealed significant findings. The study found that AIIPM and IPM
significantly improve problem-solving ability, attitude towards Mathematics, and
reduces Mathematics anxiety, showing a very large effect overall for eighth and ninth
standard students. The effect of AIIPM on exploratory Mathematics belief is very
large for ninth standard students, whereas it is large for eighth standard students.
However, the influence of IPM on exploratory Mathematics belief is large for eighth
standard students but moderate for ninth standard students. Present teaching method
shows a very large effect on attitude and large effect in exploratory belief, and anxiety
reduction for both grades. However, its effect on problem-solving ability varies, being
very large for ninth standard students but moderate for eighth standard students. The
three methods have equal and large effect on achievement in Mathematics for both
grades. The findings show that AIIPM is effective in enhancing select Mathematical
outcomes among secondary school students. Integrating art to systematic processing
of information help students to engage with Mathematics in a multi-sensory way. The
study provides valuable insights for educational interventions, emphasizing the
importance of the effectiveness of combining different models and methods,
suggesting that an integrated approach could offer benefits to Mathematics education,
creating inclusive and enjoyable learning environment.

Key words: Art integration, Information processing, Mathematical outcomes,
Problem solving ability, Mathematics belief, Attitude towards Mathematics,
Mathematics anxiety, Academic Achievement.
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Education opens the path to the future with numerous opportunities and ignites
the mind of individuals. It has the potential to transform both lives and communities
in ways that go well beyond the walls of the traditional classrooms. The importance
of education in providing individuals with the skills and knowledge required to
flourish in dynamic environments is increasingly recognized as societies evolve and

navigate the complexities of the modern world.

The educational goals can be attained through appropriate teaching strategies
which are to be related to the instructional objectives and the learner. Every child is
unique in its experiences, beliefs, interests, skills etc., so differentiation requires
varied teaching and learning strategies for students. Teaching strategies encompass a
diverse array of methodologies, techniques, and approaches cater to the multifaceted
needs of learners. These strategies serve as the pathway through which educational
objectives are translated into meaningful learning experiences. By adopting
innovative pedagogical practices, educators can design interactive educational

settings that inspire, motivate, and enable students to achieve their greatest potential.

Within the realm of education, Mathematics holds a unique position as both a
foundational discipline and a gateway to 21* century life skills. It is more vital than
ever to have a solid foundation in Mathematics in a world that is changing rapidly due
to advances in technology and interconnectivity. The language of science, technology,

engineering, and economics, Mathematics supports developments in everything from
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sustainable development to artificial intelligence. By imparting a deep appreciation
for Mathematics and cultivating a growth mindset, educators empower students to

tackle complex challenges and contribute meaningfully to society.

Traditional approaches, centered around rote memorization and procedural
fluency, have given way to more student-centered methodologies that prioritize
conceptual understanding and real-world application. This evolution reflects a
growing recognition of the diverse ways in which students learn and the need for
adaptable teaching strategies to meet their individual needs. One of the key challenges
in Mathematics education lies in addressing the diverse learning needs of students. By
integrating various teaching strategies into Mathematics classrooms, teachers can

create an interactive classroom in which diverse individual needs are catered properly.

Another major issue that educators face is the high rate of failure and
disengagement in Mathematics education. The need for reform and intervention is
urgently highlighted by statistics showing startlingly high rates of student failure and
dropout in Mathematics courses. This phenomenon is caused by several factors, such
as inadequate individualised support, poor teaching methods, and a generalised
culture of fear and anxiety related to the subject. The problem is made worse for many
students by the experience of consistently failing and struggling in Mathematics,

which can undermine their confidence and motivation to learn.

In Mathematics classroom, learners need to engage mentally, socially and
physically and they are encouraged to develop Mathematical thinking, a positive mind
set towards the subject, and independent learning. Mathematics teachers are expected

to be responsible to raise individuals who can solve the world problems effectively
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and use Mathematics successfully in their daily lives. The rapid development and
transformation of society have led to new explorations in the field of education,

making it necessary to adopt innovative strategies, techniques, and models.

To address these challenges effectively, educators must actively work to
counteract negative perceptions of Mathematics and cultivate a positive attitude for
the subject among students. This requires a shift away from traditional, formulaic
approaches towards more innovative and student-centered teaching strategies. By
incorporating real-world applications, hands-on activities, integrating different
strategies and collaborative problem-solving tasks, educators can make Mathematics
more accessible, engaging, and relevant to students' lives. Moreover, creating a
nurturing, inclusive learning environment where mistakes are taken as opportunities

for growth can help to alleviate anxiety and promote a growth mindset among learners.

In the realm of Mathematics education, the National Education Policy (2020)
advocates for a shift towards experiential and inquiry-based learning approaches that
prioritize conceptual understanding over rote memorization. By aligning teaching
strategies with the principles outlined in the NEP, educators can create dynamic and
engaging Mathematics classrooms that empower students to become lifelong learners

and problem solvers.

All developments in teaching learning process are based on the need to
organize classroom teaching as effective as possible. Researchers develop and
experiment with new theories of learning for developing novel pedagogical and
methodological approaches. When analysing the history of education, it is clear that

trends in teaching and learning have evolved from behaviorism, through cognitivism,
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to constructivism. Mathematics education also have to be reformed in line with these
changes and need new, creative, interactive pedagogical approaches promoting

meaningful learning.

Over the decades, a number of student-centered pedagogies have been
developed to teach various subjects. Co-operative learning (Entonado & Garcia, 2003)
Inquiry-based learning (Bruce, 2010) Problem solving method (Ali, et al., 2010)
Computer assisted instruction (Gururajan, 2013) Laboratory method (Baldevbhai,
2009) Brain based program (Godse, 2016) Problem based learning (Widyatiningtyas,
et al., 2015) and Integration of arts (Mohalik & Basu, 2020) are some trends found to

be effective in Mathematics learning.

Mathematics learning is essential for an individual’s comprehensive
development in today’s complex society. However, many students develop negative
attitude towards the subject. In this context, it is crucial to understand and analyze
how students internalize beliefs and form either positive or negative evaluations of
both the subject and themselves. These beliefs play a significant role in determining
their success or failure in achieving their goals. What strategies can be adopted so that
pupils become more mathematized in their thoughts is always a question for those

engaged in Mathematics education.

Information processing is an approach to the study of human thought and
behavior in 1950’s as an alternative to the behavioral approaches. Information
processing approach is a cognitive approach to understand how the human mind
transforms sensory information. Information processing theory views human as

information processing system, with memory systems sometimes referred to as
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cognitive architecture (Miller, 2011). It declares that whatever mental processes act
upon may best be described as information. Information processing involves the
cognitive abilities needed to analyze data, including the capacity to observe, make
inferences, generate predictions, and provide explanations for events. The main
objective of information processing theory is to help the individuals to develop the

methods of processing information from the environment.

Art integration is just mixing and matching various art forms in transacting
content areas within the classroom settings. An Art- integrated approach to teaching
enhances the classroom experiences by providing opportunity to students for
expressing their knowledge and comprehension. The NCF-2005 emphasizes the need
for Art Education, both as a subject and a pedagogical tool to enrich the teaching and

learning of other subjects.

According to National Education Policy 2020 (Ministry of Education, 2020),
“Art-integration is a cross-curricular pedagogical approach that utilizes various
aspects and forms of art and culture as the basis for learning of concepts across
subjects. As a part of the thrust on experiential learning, art integrated education will
be embedded in classroom transactions not only for creating joyful classrooms, but
also for imbibing the Indian ethos through integration of Indian art and culture in the
teaching and learning process at every level. This art-integrated approach will

strengthen the linkages between education and culture.”

Art integration is possible at various levels of classroom teaching, as drawing
on students prior knowledge, to solve problems in divergent ways, to enrich their

understandings, engaging students in reflection about what they learned, how they
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learned it, and what it means to them, using student assessment of their own and peers’
work as part of the learning experience, to revise and improve their work and share it

with others, building a positive classroom environment (Silverstein & Layne, 2010).

"Just as fabric woven with many colors allows more interpretation than a
fabric woven with one color, so does teaching with multiple sign systems"

(Mantoine & Smead, 2002).

The quote reminds the importance for teachers to reflect on their own approach,
symbolized by a ‘fabric woven with one color’ and consider how they can better
engage all students by incorporating a variety of ‘colors’ into teaching. Since students
have diverse learning preferences, integrating the arts into the classroom allows
learners to explore content in multiple ways. This provides opportunities for them to
listen to and create music, sketch key concepts, act out character and emotions, and
more. Here students are getting engaged, exploring more and more, and are
developing their full potential. The arts, in its many forms and media, offer students

alternatives to traditional classroom methods (Reif & Grant, 2010).

Neurologists like Sperry (1974) suggest that Mathematical thinking is left
brained whereas art forms are mainly right brained, but is challenged by the latest
brain studies, which emphasizes the collaborative role of both hemispheres in such
process (Schechter, 2020). Mathematics is often viewed as a cognitive, rational, and
logical activity associated with the left-brain, whereas Art is seen as an affective,
creative, and expressive activity linked to the right brain. Stimulating both areas
together enhances the number of neural connections across the brain, effectively

leading to greater overall integration of the brain. Learning Mathematics and the Art
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together fosters this whole-brain development (De Leo, 2003). The use of Art based
instruction is effective in improving cognitive and intellectual skills (Baker, 2013;

Duma & Silverstein, 2014).

Need and Significance of the Study

The purpose of Mathematics education is to develop Mathematical outcomes
among learners. Mathematical outcome is a unifying idea that brings together multiple
and interrelated dimensions — cognitive, affective, and conative. That is Mathematical

outcomes includes beliefs, values, emotions, cognitive abilities, and skills.

The Hand book of research on Mathematics teaching and learning (1992)
reflects on the need of new methodologies and new explanatory frames for the
development of beliefs and affects. Mathematics teaching-learning process is
seriously influenced by affective issues, and there is a tendency to assign the active
participation in Mathematics learning as an indication of cognitive development. The
report of National Research Council (1989) underscores the need for changing the

beliefs and attitude towards Mathematics of the public.

The primary central beliefs, which are formed by the experiences of the
learner, play a filtering role for new experiences and information and thus moderate
Mathematics learning. New activities giving rise to positive experiences and their
reflection are essential for belief change. The complex and affective nature of beliefs
demands a simple, linear, logical approach to belief and therefore issues of memory,
practice, emotion and thought need to be attended in the process of belief change

(Tillema, 2000).
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Attitude refers to an internal disposition to assess an object in either positive
or negative terms, accompanied by affective, cognitive, and behavioral reactions.
Attitudes are complex and can have comprehensive impact on learning. They
influence performance, and performance, in turn, can affect attitudes. Attitude
towards Mathematics is influenced by characteristics of teacher, teaching, classroom,
assessments, and individual perceptions. Attitude is considered as a contributing
variable for achievement, but researches show inconsistent results in this regard

(Mubeen, et al., 2013; Mutai, 2010; Ramierz, 2005).

The experience based on the absolutist epistemology at school, family and
society develops among children a feeling of frustration in Mathematics learning.
Reported consequences of being anxious toward Mathematics include the avoidance
and decline in Mathematics achievement. A reciprocal relationship between learning
and Math anxiety is reported by many researchers (Siebers, 2015; Karimi &

Venkatesan, 2009).

Students’ cognitive competencies influence their confidence in learning and
their future performance. Problem solving ability and Achievement are some
cognitive outcomes that determine learner’s selection of future studies and careers.
Affective factors like Mathematics belief, attitude, confidence, and anxiety are some
other critical determinants of students’ future learning of Mathematics and career

selection.

For the development of science and technology and the entire world itself a
learning society who are ready to engage in Mathematical activities and thinking is

needed for which special attempts to improve Mathematical outcomes is needed.
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Advances in research, technology, and a better knowledge of how students
learn are driving a transformation in the field of Mathematics education. To make
Mathematics more interesting, approachable, and significant for students from a
variety of backgrounds, traditional teaching strategies are being reviewed and
replaced by novel approaches. In this changing scenario, integrating art into
Mathematics teaching has gained attention as a powerful tool for enhancing learning
experiences. Using visual, kinesthetic, and creative learning modalities, art-based
techniques promote positive classroom culture, and a deeper understanding of

mathematical topics.

The Information Processing Model, when combined with art integration,
offers a promising framework for improving mathematical outcomes. By engaging
students through multisensory and holistic learning experiences, this model addresses
diverse learning styles and promotes cognitive and affective outcomes of learners.
This approach aligns with contemporary educational goals that emphasize not just the
mastery of mathematical concepts but the development of transferable skills needed

in an increasingly complex and interconnected world.

Given the increasing emphasis on student-centered and interdisciplinary
learning, exploring the effectiveness of Art-integrated Information processing in
attaining Mathematical outcomes is both timely and significant. This study holds the
potential to provide valuable insights for educators and policymakers, offering
evidence-based strategies to enhance Mathematics teaching in secondary schools. By
fostering a deeper understanding of the role of art in Mathematics learning, the study

aims to contribute to a more holistic and inclusive approach to Mathematics education,
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ultimately preparing students for success in academic, professional, and real-world

contexts.

Secondary school students experience significant growth in cognitive abilities,
like problem-solving, abstract thinking and information processing which are the key
outcomes of Mathematics learning. As a shift from upper primary to secondary
education, students are introduced to more advanced and complex Mathematical
concepts, often at an abstract level. Majority feel Mathematics learning as a herculean
task and keep away from Mathematics due to many reasons one among them being
the abstract nature of the subject. Integrating art into their learning process may help
in making these abstract concepts more concrete, enhancing their ability to grasp and

retain them effectively.

Information Processing Model emphasizes how learners perceive, interpret,
and organize information. Secondary school students are at a stage where these
cognitive processes are being refined, making them an ideal group to explore the
impact of art integration on learning strategies and Mathematical outcomes.
Furthermore, the secondary school level serves as a gateway to higher education and
career decision-making. Enhancing Mathematical outcomes at this stage could
encourage students to pursue Mathematics as a subject in their future academic and
professional endeavors. Hence it is important to study the effectiveness of Art
Integrated Information Processing Model in enhancing Mathematical outcomes

among secondary school students.
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Statement of the Problem

A unique teaching strategy that caters to all students’ needs and learning
outcomes is unlikely. To cater to student need and learning outcomes innovative
teaching strategies and their combinations are to be experimented. Information
processing approach model is such an approach to attain a variety of learning
outcomes in science subjects whereas art integration is a new strategy recommended
to improve classroom learning by making learning more interactive, enjoyable, and

meaningful.

Integrating art in the Information processing approach model is an attempt to
facilitate Mathematics learning and ensure achieving relevant Mathematical

outcomes.

Incorporating art into Mathematics instruction not only enriches the learning
experience but also nurtures the holistic development of learners, fostering their
cognitive, affective, and conative growth. By embracing this integrated approach,
educators can create dynamic learning environments that inspire attitude, belief, and
overall outcomes in mathematical exploration. Integrating Art in the Information

Processing Model is such an attempt to attain Mathematical outcomes.

Present method of teaching in the schools under Government sector in Kerala
has certain unique features compared to the traditional methods of teaching. Many
innovative ideas and practices are already incorporated in the practicing method.
Hence a comparison of effectiveness of the three methods to bring out Mathematics

learning outcomes viz., Problem solving ability in Mathematics, Mathematics belief



12 Introduction

(Exploratory), Attitude towards Mathematics, Mathematics anxiety and Achievement

in Mathematics is relevant to intensify the advantages of Mathematics learning.

The study is entitled as “EFFECTIVENESS OF ART INTEGRATED
INFORMATION PROCESSING MODEL IN ATTAINING MATHEMATICAL

OUTCOMES AMONG SECONDARY SCHOOL STUDENTS”

Definition of Key Terms

Definition of key terms used in the statement of the problem are given below.

Effectiveness

Effectiveness is defined as “the ability to be successful and produce the

intended results” (Cambridge English Dictionary, 2023).

In the present study, effectiveness means the ability of Art Integrated
Information Processing Model to bring out select Mathematical outcomes, measured
by calculating effect size in each case. Its effectiveness is determined by comparing
the effect size if art is not integrated with Information Processing Model and if the
Present method of teaching Mathematics is used. Effectiveness of Art Integrated
Information Processing Model to bring out select Mathematical outcomes, is also
studied by comparing the average scores of select Mathematical outcomes among the
groups taught with Art Integrated Information Processing Model, Information

Processing Model and Present method of teaching Mathematics.

Art Integrated Information Processing Model

“Art integration is an approach to teaching in which students construct and

demonstrate understanding through an Art form” (Kennedy Center, n.d.). Students
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engage in a creative process which connects an Art form and another subject area and

meets evolving objectives in both (Silverstein & Layne, 2010).

Information Processing Approach Model is a model developed by Sukumar
and Mohan (1995) and modified by Muthukumar and Mohan (2001) based on the
seven models in Information processing family. In the present study, Art Integrated
Information Processing Model stands for the instructional strategy in which Art is

integrated with Information Processing Approach Model.

Mathematical Outcomes

As per Good’s Dictionary of Education (1973) Outcome means change in
behavior resulting from learning and instructional outcomes stands for outcomes that

result from the instructional program.

Stanford University defines Learning outcomes as ‘“statements of the
knowledge, skills and abilities individual students should possess and can demonstrate
upon completion of a learning experience or sequence of learning experiences”

(Stanford University, n.d.).

Mathematical outcomes mean the learning outcomes of Mathematics under
cognitive, affective and conative domains. In this study, Mathematical Outcomes
stands for major cognitive and affective outcomes of Mathematics learning. The
variables included under Mathematical outcomes are, Problem solving ability in
Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics,

Mathematics anxiety and Achievement in Mathematics.
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Secondary School Students

The term Secondary school students denote students enrolled in classes 8™,

9™ and 10" in a recognized school.

In the present study Secondary school students are students studying in

standard VIII, IX and X in schools following the Kerala state syllabus.
Objectives
Objectives set for the study are

1. To find out the effectiveness of Art Integrated Information Processing Model

on select Mathematical outcomes among secondary school students.

2. To find out the effectiveness of Information Processing Model on select

Mathematical outcomes among secondary school students.

3. To find out the effectiveness of Present method of teaching Mathematics on

select Mathematical outcomes among secondary school students.
Hypotheses
Following hypotheses were formulated for the study

1. There will be significant difference in the average pre-test and post-test scores

on select Mathematical outcomes for the three comparison groups.

2. There will be significant difference in the average post-test scores on select

Mathematical outcomes among the three comparison groups.

3. There will be significant difference in the average gain scores on select

Mathematical outcomes among the three comparison groups.
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4. There will be significant difference in the average standard scores on select
Mathematical outcomes among secondary school students taught through Art
Integrated Information Processing Model, Information Processing Model and

Present method of teaching Mathematics.

Methodology of the Study

A research design serves as a carefully crafted framework that portray the
structure of a study, ensuring it aligns with research objectives and provides a

comprehensive overview of the research endeavour.

To test the effectiveness of Information Processing Model (IPM), Art
Integrated Information Processing Model (AIIPM) and Present method of teaching in
bringing out select Mathematical outcomes among secondary school students, quasi-
experimental pre-test-post-test comparison group design was used. The experiment
was conducted at two levels, one for standard VIII and the other for standard IX

students of an aided school in Thrissur district of Kerala.

Variables of the Study

The present study was an attempt to find out the effectiveness of Art Integrated
Information Processing Model to bring out select Mathematical outcomes among
secondary school students. The study was a quasi-experimental one, the experimental
variables being Art Integrated Information Processing Model, Information Processing

Model and Present method of teaching Mathematics.

The dependent variable is Mathematical outcomes which include a set of

cognitive and affective outcomes of Mathematics learning viz., Problem solving
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ability in Mathematics, Achievement in Mathematics, Mathematics belief, Attitude
towards Mathematics, and Mathematics anxiety.

Participants of the study

The population under study is secondary school students of Kerala. The
sampling frame includes both 8" and 9" standard students. The experiment was
conducted separately for 8" and 9" standard students of HSS Arimpur, an aided co-

educational school in Thrissur district of Kerala.

For the conduct of the study, three comparison groups for each level (8" and
9" standard) were needed. The study was conducted on 215 students, 111 from gh
standard and 104 from 9" standard constituting three comparison groups for 8 and

9th standard respectively.
Instruments

The present study examined whether Art Integrated Information Processing
Model, Information Processing Model or Present method of teaching is more effective
to enhance Mathematical outcomes among secondary school students. Following

tools and materials were used for collecting data.

a) Mathematics Belief inventory (Saritha & Vijayakumari, 2019)

b) Test of Problem-Solving Ability in Mathematics (Rinsa & Sumangala, 2008)
c) Scale of Attitude towards Mathematics (Saheedali & Vijayakumari, 2013)

d) Mathematics Anxiety Scale (Malini & Sumangala, 1996; Re-standardized by

Midhundas & Vijayakumari,2017)

e) Achievement tests in Mathematics (Saritha & Vijayakumari, 2019)
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Teaching Manual based on Art Integrated Information Processing Model

(Saritha & Vijayakumari, 2019)

Teaching Manual based on Information Processing Model (Saritha &

Vijayakumari, 2019)

Teaching Manual based on Present Method of teaching (Saritha &

Vijayakumari, 2019)

Statistical Techniques Used

In addition to the basic descriptive statistics, the following statistical

techniques were used for analysis of data.

One way ANOVA

Kruskal-Wallis Test

Paired t-test

Multivariate Analysis

Post-hoc Test (Tukey Method, Dwass-steel-Critchlow-Fliger pairwise

comparison test)

Scope and Limitation of the Study

This study intended to find out the effectiveness of three instructional

strategies viz., Art Integrated Information Processing Model, Information Processing

Model and Present method of teaching on attaining Mathematical outcomes among

secondary school students. Mathematical outcomes include Problem solving ability in

Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics,

Mathematics anxiety and Achievement in Mathematics
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This study aims to contribute to the field of Mathematics education by

checking the advantage of integrating art into an instructional model.

For the present study investigator developed Mathematics Teaching manual
for 8™ and 9™ standard students in Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching. This helps teachers
and academicians to identify, plan for, and implement preventative techniques to
minimize disruptive behaviours among students. The willingness to stretch traditional
classroom settings to positive classroom culture, will result in the academic excellence

of the students and will create true learners.

A model of teaching by integrating art with Information Processing Approach
model is developed in which the elements of a model viz., Syntax, Support system,
Principle of Reaction, Social system and Effects are clearly specified. Teaching
Manual in each approach are developed for two units each of Mathematics textbook

for standard VIII and IX.

A neglected but important variable that may influence performance of students
in Mathematics learning is students' belief about Mathematics. An inventory to
measure the belief pattern of students about Mathematics was constructed and
validated as part of this study, which can be used to measure the belief of students and

public about Mathematics.

Employing a quasi-experimental pre-test-post-test comparison group design,
the investigator aims to provide valuable insights into the relationship between
variables, laying the groundwork for future research and hypothesis generation. The
study seeks to awaken curriculum specialists, educational administrators, and

policymakers in education to re-evaluate Mathematics curriculum and textbooks.
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The investigator endeavoured to conduct the study as accurately as possible;

however, some limitations may have arisen. Some of them are

1. The experiment was done in three classes of standard VIII and three classes of
standard IX of a single school. This may affect the performance of students,
but the researcher is sure that sharing of information about the strategies
followed in the class room will not affect the experiment as both models need

teacher interaction for its implementation.

2. There will be many factors influencing the performance or attainment of

learning outcomes, influence of which were not controlled in the present study.

3. Though rotation of the groups was planned, due to Covid 19, the experiment

was conducted with three comparison groups without rotation of groups.

Despite the limitations, the study’s reliability in determining the outcome
remains unquestionable. The findings of this study are expected to aid in identifying

new research avenues in the field of education.

Organisation of the Report

The report is organized under the following chapters.

Chapter 1

This chapter provides an introduction to the study, need and significance,
statement of the problem, objectives and the hypotheses, a brief narration of

methodology, statistical techniques used, and scope and limitations.
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Chapter 2

This chapter details the theoretical overview of Art Integration and
Information Processing Model and review of studies related to the variables of the

study.

Chapter 3

A brief methodology including the details regarding the method, design,
variables, participants, instruments and materials, data collection procedures and

statistical techniques used for data analysis in the study comes under this chapter.

Chapter 4

A detailed statistical analysis of the data collected and the interpretation of

results are included in this chapter.

Chapter 5

This chapter includes study in retrospect, major findings of the study,

tenability of hypotheses and conclusion of the study.

Chapter 6

Educational implications of the study, recommendations, and suggestions for

further research in the light of the present study are mentioned in this chapter.

The report is followed by comprehensive Reference and Appendices.
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REVIEW OF RELATED LITERATURE

% Theoretical Overview and Review of

Related Studies on Art Integration

% Theoretical Overview and Review of
Related Studies on Information

Processing Model

% Review of Related Studies on

Mathematical OQutcomes



REVIEW OF RELATED LITERATURE

Review of related literature stands as an indispensable compass, guiding
researchers through the vast expanse of prior investigations. This crucial phase in the
research process serves multifaceted purposes, offering a comprehensive synthesis of

existing knowledge while charting the historical trajectory of the subject matter.

A robust and expansive review stimulates confidence in the research
endeavour, underscoring the relevance and necessity of the on-going study. By
pinpointing the deficiencies or unexplored facets in prior studies, it rationalizes the
need for further inquiry, propelling researchers toward adopting innovative
methodologies and refining the research design. In essence, the review of related
literature stands as a testament to the scholarly continuum, weaving together threads
of past research to fortify the fabric of current investigation, elevating its uniqueness,

and contributing to its intellectual depth.

This chapter describes the theoretical background and related studies of Art
Integration and Information Processing Model and review of related studies on

Mathematical outcomes. This chapter is organized into the following sections.

o Theoretical overview and Review of related studies on Art Integration
o Theoretical overview and Review of related studies on Information Processing
Model

° Review of related studies on Mathematical Outcomes
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Theoretical Overview and Review of Related Studies on

Art Integration

Every child comes to the world with an innate power to learn. Learning not
starts with the alphabets of language, but learning begins with the environment with
the visuals and sound around it. The journey of exploration begins through these

visuals and sounds and it is the beginning of learning in visual and performing arts.

Visual Arts

Visual arts are mainly created to evoke aesthetic appreciation, judged based
on their beauty and significance. Artists use materials such as paper, canvas, clay,
metal, paint, which can be shaped or transformed into physical artworks or objects.
Visual art encompasses traditional fine arts like drawing, painting, designs, and
sculptures as well as modern and contemporary forms of expression, including

assemblage, collage, conceptual art, and Installation.

Performance Arts

This category encompasses live public performance events, traditionally
including theatre, music, ballet, and similar art forms. Modern performance art
broadens this scope by incorporating any activity where the artist's physical presence
serves as the medium. It spans variety of artistic expressions such as dance, music,

mimicry, mime, drama, and the like.

Literary Arts

Literature, in its essence, means "acquaintance with letters". Over time, the
term has come to represent a collection of written works, including scripts, poems,

stories, dramas, and similar art forms of expression.



Review 23

Art Integration

“Art Integration is a teaching approach to teaching where students develop and
express their understanding using an art form” (Kennedy Center, n.d.). Students
engage in a creative process which connects an art form and another subject area and
meets evolving objectives in both (Silverstein & Layne, 2010). Art integration is really
just mixing and matching various art forms in transacting content areas within the
classroom settings. Classroom activities are associated with art to teach the subject
areas. An art integrated teaching approach adds significant value to the classroom by

catering to diverse ways of interpreting and conveying knowledge.

In Art Integration, various art forms are incorporated to teach subjects beyond
the arts, such as language arts, math, science, and social studies. Art integration refers
to an approach that uses the fine and performing arts as primary tools to enhance
learning across multiple disciplines. By integrating art with academic content,

students are encouraged to think critically and creatively.

Art integration is possible at various levels of classroom teaching as, drawing
on students prior knowledge, solving problems in divergent ways, enriching their
understandings, engaging students in reflection about what they learned, how they
learned it, and what it means to them, using student assessment of their own and peers’
work as part of the learning experience, to revise and improve their work and share it

with others, building a positive classroom environment (Silverstein & Layne, 2010).

Howard Gardner’s Multiple intelligence theory (Gardner,1983) provides
teachers with a valuable framework for integrating the arts into regular classroom

activities. Gardner identifies several types of intelligences, such as logical-
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mathematical, linguistic, musical, spatial, bodily-kinesthetic, interpersonal, and
intrapersonal. These intelligences provide teachers with effective strategies for
planning and implementing art integration activities in the classroom. The Multiple
intelligence approach has been extended well beyond the arts and has been the impetus
for designing whole schools around approaches that address students’ capacities

(Burnaford, et al., 2007).

Teachers can use effective classroom strategies that can help to enhance
overall classroom environment suitable for the learners. Art is an ideal vehicle to
develop a positive classroom culture. Art has the ability to bridge both creative and
analytical thinking, as well as connect empirical and abstract ideas. It offers effective
and impactful ways to communicate academic concepts in a way that is both engaging
and meaningful. Suitable arts forms like visual art and performing art can be integrated
with teaching-learning process according to the need and capabilities of the students,
classroom settings, nature of the content, resources available, etc. Learning,
communicating, and questioning in conjunction with the arts develops a dynamic
classroom environment where the students and teachers alike are excited and engaged
in the process (Rabkin & Redmond,2006). Effective art integration requires
classrooms teachers to evaluate whether, how, and to what extent the arts can be

incorporated into their teaching practices.

Brown (2007) suggests a set of questions to consider before initiating art
integration. What is the content? What instructional methods are appropriate? Who
delivers the instruction? What strategies will be used? How will assessment be
conducted? She emphasizes that, “Arts integration is like a weaving wherein the

design may repeat a pattern or be variable. Just as the warp and weft strings are integral
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parts of a woven whole, the arts are an integral part of the curriculum and are valuable

in all aspects of teaching and learning.”

Krug and Cohen-Evron (2000) examine four approaches to arts curriculum:
employing the arts as a tool for other disciplines; expanding organizing centers
through the study of the arts; utilizing the arts to interpret concepts or themes from
other subjects, and exploring real-life issues through a blend of the arts and other

subjects.

The art can be integrated into teaching in different ways and can be categorized

unto three main categories which is given as figure 1.

Figure 1

Art Integration Variations (Image Source the Kennedy Centre, n.d)

Arts as Arts-Enhanced
Curriculum : Curriculum

Arts-Integrated
Curriculum

Arts as Curriculum

If a school employs teachers for music, art, drama, or dance, their primary
focus is likely centered on the Arts as curriculum, where students focus on developing

expertise and skills within a specific art form
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Arts-Enhanced Curriculum

When the arts are utilized as a tool or strategy to support other curriculum
areas without setting explicit objectives in the art form itself, this approach is known
as Arts-enhanced curriculum. It serves as a "hook" to capture students' interest and
facilitate engagement with the content. This approach requires minimal or no training
in the art form for teachers. However, Arts-enhanced curriculum is often confused

with Arts-integrated curriculum, or the distinction between the two is overlooked.

Arts-Integrated Curriculum

In Arts-integrated curriculum, the arts become the vehicle for learning, guiding
the approach to teaching and fostering student engagement. Through the creative
process, students achieve dual learning objectives by exploring the connections
between an art form and another subject, deepening their understanding of both. For
this approach to foster meaningful learning in both areas, teachers must participate in
professional development to understand arts standards and effectively integrate the

arts with their subject matter

Another classification for art integration by Burnaford, et al. (2007) are arts
integration as learning “through” and “with” the arts; arts integration as a curricular

connection process; and arts integration as collaborative engagement.

In the Brain and Learning (2008), Eisner states that the arts provide children
with experience, meaning, and development of thought. Children make meaningful
connections to the concepts they learn through engaging activities. These experiences

also develop critical and complex forms of thinking by using multiple brain areas.
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Neurosciences say art experiences activate and strengthen key brain regions, thereby

enhancing a child’s multiple intelligences.

The National Council for Teacher Education (NCTE, 2014) regulations for
two year B.Ed program, focus on preparing professionally empowered teachers. B.Ed
curriculum includes Enhancing Professional Capacities (EPC) activities for teacher

trainees for the purpose of a hands on experiences in arts and drama.

The regulation highlighted the benefits of including arts in two year B.Ed

curriculum as follows,

. Drama-based activities foster empathy and emotional understanding, helping
students relate to others through experiences, emotions, and interpretation.
Arts also empower learners by recognizing their agency, promoting

transformational action.

. Drama as ‘critical pedagogy’ extends beyond traditional classroom
boundaries, sparking collective consciousness and encouraging community

participation in both educational and social change initiatives.

. Teachers are encouraged to explore diverse genres of street theatre, engaging
with both folk and contemporary traditions. This exploration allows for

improvisation, critique, and the fostering of transformative action.

. Drama and Art in Education contribute to self-awareness and serve as
powerful tools for self-expression. These experiences nurture creativity, which

is essential for personal and intellectual development.
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. Art related activities foster a sense of responsibility, trust, and cooperation
among students. They encourage collaborative work, helping learners pursue

tasks collectively while exploring diverse perspectives.

. Whether through visual or performing arts, the practice of art enhances
children’s abilities to perceive, reflect, and express themselves. The arts
provide alternative forms of communication, allowing children to experience

and express their thoughts and emotions in a variety of ways.

The National Curriculum Framework (NCF, 2005) recommends art education
as a subject as well as a pedagogical tool to make teaching and learning of other
subjects more meaningful. It reminds that “the school curriculum must integrate
various domains of knowledge, so that the curriculum encompasses all, and is not
separated from the co-curricular or extra-curricular. This has significant implications
for the role of art, music, and drama in education, to nurture children’s creativity and

aesthetic sensibilities.”

Major recommendations of NCF (2005) on integration of art in school

curriculum are,

. Efforts should focus on enhancing aesthetic and personal awareness while

fostering the ability to express oneself in various forms.

. The significance of India’s heritage crafts, both in their aesthetic and economic
value, should be recognized as relevant to school education through the

integration of arts.
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Education should create opportunities for children to develop creative

expression and an appreciation for aesthetics.

Art-integrated education should reflect and preserve the country’s unique

cultural identity, embracing its diversity and richness.

Visual and performing arts should play a key role in the learning process and

be integrated as a vital component of the curriculum.

Students should be introduced to the extensive and diverse artistic traditions

of the country through an arts-based curriculum.

Arts education should be a compulsory subject in schools up to class X, with

appropriate facilities provided to support its teaching and learning.

Children can better understand language, nature, and their sense of self and

relationships with others by engaging in various forms of art.

The curriculum should allocate sufficient time to incorporate a variety of

artistic activities.

The focus should not be on meeting adult standards of “perfect art,” but on
nurturing children’s creativity and individual expression through exposure to

materials, skills, and techniques without overemphasis.

Over time, teachers should guide children toward independently designing and
completing their own art projects with persistence and dedication while

developing a sense of aesthetic quality and excellence.
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. Arts education should encourage students to express emotions, fostering

emotional intelligence and self-awareness through creative processes.

. Artistic practices should be integrated into subjects like science, mathematics,
and languages to encourage interdisciplinary learning and creative problem-

solving.

. Schools should promote understanding and respect for cultural diversity
through exposure to different art forms, emphasizing the richness of India’s

and the world’s artistic heritage.

. Students should engage with local art forms and folk traditions to connect their

learning with their cultural roots and community practices.

. Art activities can provide inclusive learning opportunities for children with

special needs, enabling equal participation and creative expression.

. Artistic expression should be used as a medium to raise awareness about
environmental sustainability and social issues, fostering responsible

citizenship.

. Teachers should be equipped with training and resources to implement arts

education effectively, ensuring they can guide and inspire students creatively.

. Collaboration with local artists and artisans can enrich the arts curriculum,
providing students with practical exposure and a deeper appreciation of the

creative process.
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. The curriculum should prioritize the creative process over the product,

allowing students to explore, experiment, and grow personally and artistically.

Art and Mathematics

Mathematics is often viewed as a cognitive, rational, and logical activity
associated with the left-brain, while art is viewed as an affective, creative, and
expressive activity linked to the right brain. Stimulating both areas together enhances
the number of neural connections across the brain, fostering greater overall brain
integration. Learning Mathematics and the art together fosters this whole-brain
development (De Leo, 2003). The use of Art integrated instruction is effective in
improvement of cognitive and intellectual skills (Baker, 2013; Duma & Silverstein,
2014). Art and Mathematics integration helps bridge the gap between concrete and
abstract Mathematical ideas. It meets the needs of diverse learning styles and multiple

intelligences. It helps to enjoy math more or to alleviate math anxiety.

Arts and Mathematics seem to be separate domain, but they share some
features that make them capable of integration and interdependence. The complex
cognitive and creative skills required for Mathematics learning are typical of art
learning too. Both Mathematics and arts can be considered as born from the very
human desire to comprehend and re-create experience and hence can be used to

observe, describe, and imitate the natural world.

Benefits of Art Integration into Mathematics

. Students’ increased interest, motivation, and curiosity in learning.

. Better achievement in curricular and co-curricular areas.
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. Improvement classroom discipline.

. Develops creative thinking, critical thinking, perception, problem solving

and self-expression.

. Better collaboration with classmates

. More efficient in processing of information by strengthening connections.

. Develops interest in math makes more attentive

. Students become more actively engaged in the math lessons.

. Discipline issues during math sessions are significantly reduced.

. Students’ spare time can be effectively utilized for productive learning
activities

. Make math class interactive, interesting, enjoyable, and fun

. Encourages independent learning, builds self-esteem, and strengthens the

concentration and discipline.

. Appreciate folk art and the rich Indian culture and traditions,

. Learning through art nurtures a child’s creativity, unlocking broader

professional avenues for the future.

. Caters the need of special children

. Apply knowledge and skills to their daily lives

. Cultivate multiple intelligence and student’s individual learning styles

. Create a positive classroom culture.
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Studies Related to Art Integration

Agarwal (2024) investigated the impact of art-integrated learning strategies
on students' knowledge retention abilities. The primary objective was to assess how
these strategies influenced students' capacity to retain information. An experimental
research method was employed to fulfil this objective. The findings indicated that
incorporating art-integrated learning strategies significantly enhanced students'
knowledge retention. The study recommended that educators implement these
strategies in their teaching practices to improve students' retention abilities in social
sciences and to facilitate their expression of competencies across various educational

contexts.

Chacko (2024) analyzed a variety of studies, records, and research articles that
explore the complexities of arts-integrated learning and its many advantages for
improving instruction for both students and teachers. According to the review's
findings, arts-integrated learning is a very successful approach that needed to be
implemented in all schools. But it also emphasizes how crucial it is to create a
supportive environment to guarantee that this strategy is implemented successfully. In
the future, arts-integrated learning could revolutionize education by encouraging

experiential learning and using fun, interesting teaching methods.

Mishra (2024) conducted qualitative research in arts integrated Mathematics
learning: an innovative and joyful learning, utilizing a thematic approach and
schematic research design. The study emphasizes that art-integrated Mathematics and
creativity are not just supplementary elements but essential components of a vibrant

educational environment. The integration of joy and creativity in learning prepares
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students to become well-rounded, resilient, and innovative thinkers, equipping them

for a world that highly values these traits.

Velayutham and Raman (2024) investigated the substantial effects of
combining visual arts, music, dance, and theatre with traditional academic subjects in
primary school. The study highlighted key strategies for success, including curriculum
mapping, professional development, collaboration across disciplines, adaptability in
lesson structure, alternative forms of assessments, involvement of local stakeholders,
and continuous support. By addressing challenges and applying these methods,
teachers can harness the transformative potential of the arts in primary education,

equipped with the skills for a future rich in creativity and critical thinking.

A study conducted by Yadav and Joshi (2024) examined how expressive arts
affected the mood and anxiety levels of college students. Self-report questionnaires
were used to gather data from 102 participants, and analysis showed that reading,
writing, and colouring were among the activities that had a positive effect on mood
and decreased anxiety. Based on these findings, introducing expressive arts into

college settings may support students' mental health.

Srivastava (2023) emphasized that Art Integrated Learning (AIL) represents a
progressive, inclusive approach to education. The study underlines the significance of
AIL in fostering inclusivity within the classroom, highlighting its role not only as a
teaching method but also as a facilitator of an inclusive environment that embraces

diverse learning styles and abilities.



Review 35

Yildizhan and Cezikturk (2022) investigated how teaching with art-themed
activities affected fifth-grade students' performance in Mathematics as well as their
attitudes towards the teaching process. The study carried out with the quasi-
experimental research method. The Study revealed that using art-themed activities to
teach Mathematics was effective in improving math achievement compared to

conventional teaching methods.

Heiman (2020) reviewed literatures related to benefits of art integration in
academic coursework. This review of the literature summarises evidence on the
academic, social, and emotional advantages of arts integration and makes suggestions
for using these strategies in the classroom. Teachers of any discipline can use the arts
as a teaching tool in their classrooms through the process of arts integration. Arts
integration offers a way to incorporate creative experiences into classrooms while
supporting academic growth and social-emotional learning as schools expand learning

options.

Mohalik and Basu (2020) compared the effectiveness of Art Integrated
Learning in creating conceptual understanding in geography. According to the study,
utilising AIL in classroom instruction considerably increases students' conceptual
grasp of geography compared to teaching with the traditional method, and AIL was
equally beneficial for both boys and girls. Additionally, it demonstrates that AIL was
much more successful in helping high achievers develop their conceptual knowledge

than it was for poor achievers.

The effect of creative dramatics instruction on fourth-grade students'

vocabulary achievement in a language arts classroom was examined by Joseph (2019).
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Two experimental groups in the study used Creative Dramatics and Vocabulary Words
and Creative Dramatics and Story-Retelling, while the control group followed the
Readers' Theatre approach recommended by the school district. According to the
results, both experimental groups' vocabulary success was noticeably higher than that
of the control group, demonstrating the value of creative dramatics interventions in

enhancing vocabulary acquisition and retention.

Arjun and Niranjana (2017) studied the effectiveness of Art Integrated
Strategy on Achievement in Mathematics among Secondary school students. The
study employed a quasi-experimental pre-test post-test non-equivalent group design.
The sample consisted of two divisions of the eighth standard in a single school located
in Kozhikode District. The results suggest that art integration may serve as a
supplementary approach to enhance Mathematics learning but does not surpass

constructivist methods in terms of effectiveness.

Hardiman et al. (2017) investigated the effects of arts-integrated instruction on
memory for science content. The purpose of this study was to ascertain how science-
related long-term memory was affected by arts-integrated instruction. The study
results provide strong correlational evidence indicating that participation in the arts

enhances students’ academic outcomes and retention of learning experiences.

Holmes and Hallam (2017) investigated the impact of participation in music
on learning Mathematics using a quasi-experimental design. The results revealed that

music instruction positively influenced the development of spatial-temporal skills.
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Baird (2015) used a best practice approach and semi-structured interviews of
four educators in various locations across Ontario to find the advantages of integrating
Art in Mathematics teaching. Student engagement and participation was found to be

increased as a result of Art integration in Mathematics class room.

Brezovnik (2015) conducted an experimental study involving two different
ways of teaching fifth-grade students: the control group was taught Mathematics in a
traditional way, while the experimental group was taught with the integration of fine
art content into the Mathematics lessons. The study found that integrating fine art into

Mathematics had a positive effect.

Inoa et al. (2014) studied the relationship between theatre arts and student
literacy and Mathematics achievement of sixth and seventh grade students. The
impact of incorporating process drama into a conventional language arts curriculum
was examined in this study utilising a multi-stage cluster randomised design. The
study findings showed that students in arts-integrated classrooms typically perform

better than their peers in both language arts and maths.

An et al. (2013) conducted an exploratory study to find out how teachers
incorporate music into their normal math classes and how music-Mathematics
interdisciplinary sessions affect primary school pupils' modelling, strategy, and
application of Mathematics. This study involved two classrooms of first- and third-
grade students (N=46) and two teachers. The findings showed that both teachers
combined a range of musical exercises with various Mathematics topics. Several areas

of mathematical proficiency benefited from the music-math interdisciplinary sessions.
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Gullatt (2008) emphasized the significant role of the arts in enhancing teaching
and learning across academic disciplines in PK-12 education. Beyond developing
specific artistic skills, learning through the arts allows students to engage
meaningfully with content through visual, theatrical, and musical forms. These
approaches foster creativity, critical thinking, and a deeper understanding of the
material. The arts also offer valuable opportunities within the curriculum to explore
multiculturalism and diversity. Despite challenges such as funding constraints and
resource limitations, research underscores the importance of the arts in boosting

academic achievement and supporting the holistic development of students.

Skoning (2008) investigated the benefits of integrating dance and creative
movement as teaching strategies in inclusive classrooms, which include increased
student comprehension of the material, better classroom conduct, and the creation of
new evaluation methods. The findings showed that incorporating these activities into
the classrooms will more effectively address the requirements of a range of students,

particularly kinaesthetic learners.

Wandell, et al. (2008) investigated the relationship between reading fluency
and music training. The experiment was carried out on forty-nine children between
the ages of seven and twelve. The findings showed that students reading fluency is

enhanced by music instruction.

Theoretical Overview and Review of Related Studies on

Information Processing Model

Based on the theory of Information processing, Information Processing Model

for teaching design and create suitable environment for learning. “Information
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Processing Models emphasize ways of enhancing the human beings innate drive to
make sense of the world by acquiring and organizing data, sensing problems and
generating solutions to them, and developing concepts and language for conveying
them” (Joyce, et al., 2015). In Information-Processing Model, the main emphasis is
the learner and the environment. Models in this family are inductive thinking, concept
attainment, advance organizer, scientific inquiry, synectics, mnemonics, etc. Some
models focus on delivering information and concepts to learner; while others prioritize
concept formation, hypothesis testing, creative thinking, and intellectual ability. Most
of the Information Processing Models are also beneficial for understanding self and
society, contributing to the attainment of educational goals in personal and social

development.

Most of the models in Information processing family are based on ‘how
information is being processed.” Each model has its own syntax, social system,
principle of reaction, support system and instructional and nurturant effects. A teacher
has to develop a skill by applying any one of the models along with its syntax for a
single learning situation at a time and he/she has to adopt another model with its
phases to develop another skill. But no single model of this Information processing
family would be suitable for all learning situation. Hence it is better to develop a

model of Information processing which could be suitable for all learning situations.

The authors (Joyce, et al., 2015) claim that each model is developed with
specific objectives and for specific content. Sukumar and Mohan (1995) have
attempted a synthesized model including the major aspects of certain models under

information processing family. The models considered are
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Inductive Thinking Model is designed to foster inductive thinking in learners by

guiding them through inductive process.

Inquiry Training Model is designed to develop critical thinking and scientific

reasoning by raising questions and searching for answers from curiosity.

Concept Attainment Model is designed to develop inductive reasoning by guiding

learners to identify and form concept through exemplars.

Advance Organiser Model is designed to help learners integrate new information

with existing knowledge for meaningful learning.

Cognitive Growth Model is designed to develop cognitive development.

Memory Model is designed to enhance the retention and recall of concepts and facts.

Biological Science and Inquiry Model is designed to develop critical thinking and

scientific reasoning.

Information Processing Approach Model

The Information Processing Approach Model was created by Sukumar and
Mohan (1995) for enhancing learners problem solving ability in Mathematics. They
put together ideas from seven different information processing models to develop this

approach. The steps they outlined are as follows

1. Teacher initiates
2. Presents appropriate examples, charts etc.

3. Helps to familiarize the presented materials
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4. Presents related simpler problems

5. Probes students’ response

6. Presents the problem

7. Helps to analyze the variables presented in the problem

8. Helps learner to explore the relationship among the variables
9. Enables students to formulate hypothesis

10. Facilitates testing of the hypothesis
11. Leads learner to the solution

12. Enables students to verify the solution

When applied to physics problem-solving, Saminathan (1997) found the
original 12 steps to be quite comprehensive. He condensed the first 5 steps into two:
(1) teacher initiates, and (ii) verifies previous knowledge, while maintaining the
combined effectiveness of all 5 steps. The restructured Information Processing

Approach Model now consists of 8 steps, as follows:

1. Teacher initiates

2. Verifies the learner's previous knowledge

3. Presents the problem

4. Helps to analyse the variables in the problem

5. Facilitates to explore the relationships among the variables
6. Enables students to formulate hypothesis

7. Helps to test the hypothesis

8. Enables students to verify the solution
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Reviewing the steps outlined in previous studies of the Information Processing
Approach Model, Muthukumar and Mohan (2001) further restructured and
streamlined the process, reducing the steps to 6. The steps suggested by Muthukumar

and Mohan (2001) are as follows:

1. Teacher initiates

2. Presents the problem

3. Helps students to explore relationship among the variables

4. Enables students to formulate hypothesis or possible solution
5. Facilitates to test the hypothesis or possible solution

6. Helps to verify the accepted conclusion

Teacher Initiates

In any subject, it is crucial for the teacher to begin the lesson, ensuring it relates
to what students already know. Teacher can highlight the lesson's importance to grab

students' attention and guide them towards their learning outcomes.

Presents the Problem

Teacher simplifies the presentation of the problem, ensuring students grasp its
essence. Repeating the problem helps the students to get in depth knowledge about it
and its variables. Through repeated exposure, students gather additional insights into
these variables, facilitating their retention and organization in memory. Consequently,
this enhances their ability to reconstruct and organize problem-related information

effectively.
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Helps Students to Explore Relationship among the Variables

After presenting the problem, students compare the identified variables with
their existing knowledge to assimilate and confirm their understanding. They classify
and categorize these variables based on the problem's nature, recognizing associations
and distinctions. Teachers should guide students in creating information maps using
available resources. This enables students to manipulate the variables as needed to

solve the problem.

Enables Students to Formulate Hypothesis or Possible Solution

As students manipulate the variables, their working memory engages in the
chunking process. Subsequently, constructed memory undergoes adjustments to
accommodate new information and discard irrelevant details, involving the
reconstruction of stored information in long-term memory. Students develop and
adapt their plans based on the problem's requirements. The modified plan undergoes
verification, and thorough checking is crucial before its application. If the learner is
content with the plan, it can be implemented; otherwise, the plan should be revised

accordingly.

Facilitates to Test the Hypothesis or Possible Solution

Solutions are derived through deductive reasoning or inference based on
general principles. In some cases, results can be inferred through logical induction
from the available information. Monitoring is essential during arithmetic

computations and remains necessary throughout the entire process.
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Helps to Verify the Accepted Conclusion

The process of verifying the solution can differ based on the nature of the
problem. The solution may yield specific results that require interpretation. It may

also lead to forming opinions or judgments about the situation.

Studies Related to Information Processing Model

Fourie and Schlebusch (2022) examined how the brain processes information
and identified factors influencing learners' information-processing abilities in
classrooms. Using a quantitative design, they gathered data through a questionnaire
administered to Grade 11 learners. The study showed that factors like age, home
language, the language of instruction, and class size had a significant effect on
learners’ ability to process information. The study recommended to teachers for
fostering efficient information processing, aiming to support meaningful learning and

improved understanding among students.

Shahid et al. (2022) reviewed the Information Processing Approach,
examining its application to memory, language, and working memory. The results
demonstrate how useful the Information Processing Approach is for comprehending
how information is processed by the mind. The study also highlights the crucial
connection between language and memory, stressing the part language processing
plays in memory processes. The effects of variables including age, distraction, and
cognitive load were among the key elements and constraints of working memory that
were uncovered. This research sheds important light on how various cognitive

processes are interrelated.
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Majeed (2021) conducted an experimental study to find out the effects of
Advance Organizer teaching approach on student’s academic performance in
Mathematics in Secondary School and found that Advance Organizer teaching
approach significantly influenced students’ academic performance in Mathematics in

secondary school.

A classroom action research study was carried out by Chasanah (2019) for
assessing students' mathematical critical thinking skills in solving differential calculus
problems. The research utilized indicators of mathematical critical thinking skills
within the framework of the cognitive growth model. The study involved 30 first-
semester students from a higher education institution in Magelang, Indonesia. The
findings indicated significant improvement in the students' mathematical critical
thinking abilities when addressing differential calculus problems, as measured by the

established indicators, and facilitated through the cognitive growth model approach.

Darmuki et al. (2017) conducted a study to evaluate the effectiveness of an
information-processing-based cooperative learning model in improving speaking
skills. Using a mixed-methods approach, the researchers carried out an experimental
study involving lecturers and students from the Indonesian Language and Literature
Education Department in Bojonegoro Residency. The findings revealed that the
cooperative learning model had a significantly greater impact on enhancing students'

speaking abilities compared to the traditional method.

An experimental study was conducted by Kapri (2017) to evaluate the
effectiveness of the Advance organizer model in comparison to conventional teaching

techniques in secondary science education. The results showed that compared to
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traditional teaching methods, the Advance organizer model was more successful at
promoting the learning of scientific concepts. Additionally, the study highlighted that
student in the experimental group found the Advance organizer model highly
engaging, which fostered their interest and motivation to learn the subject matter

presented during the experiment.

Saminathan (2017) in a study on developing Problem Solving Ability in
Physics through Information Processing Approach included eight steps for
information processing approach as (i) Teacher initiates (ii) — Verifying the previous
knowledge (iii) Presents the problem (iv) Analysing the variables (v) Relating the
variables (vi) Formulating hypotheses (vii) Testing the hypothesis and (viii) Verifying
the solution. The study found that the Information Processing Approach Model

effectively improves students’ problem solving ability in Physics.

Kaur and Kumar (2016) conducted a study to compare the effectiveness of the
Inquiry Training Model (ITM) and the Advance organizer model (AOM) in teaching
life sciences to 9™-grade students. The results indicated that both ITM and AOM were
equally effective and significantly outperformed the traditional teaching methods in

enhancing students' learning of life sciences

Namjoshi (2015) in a Study on the effectiveness of memory techniques and
memory model for memorizing spellings found that program based on Memory

techniques and Memory model is effective in memorizing English spellings.

Nivedita and Rani (2015) conducted an experimental study titled “A

Comparative study of effectiveness of Concept attainment model and Memory model
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on Students' Achievement in English grammar”. The study involved two experimental
groups: one taught using the Concept attainment model, and the other using the
Memory model along with a control group taught using conventional strategy. The
findings showed that, in comparison to the traditional teaching approach, both the
Concept attainment model and the Memory model were more successful in raising
students' proficiency in English grammar. Furthermore, compared to the group taught
using the Concept attainment model, the Memory model group showed noticeably

greater increase in grammar achievement.

Babu and Reddy (2012) investigated the impact of the Advance organizer
model on the academic achievement of ninth standard students in Mathematics. The
study involved a randomly selected sample of 60, ninth standard students. The
findings revealed that the Advance organizer model was significantly more effective
in improving students' Mathematics achievement compared to conventional teaching

methods.

When an experimental group was taught ninth biology concepts using
biological science inquiry model and the control group using the conventional method
of teaching, Dhaaka (2012) found that biological Science Inquiry Model was more

effective than conventional method of teaching.

Studies by Anjum (2014), Angraini et al. (2017) on Concept attainment model,
that of Neeru (2001) and Brune (2010) on Inquiry training model and that of Raj
(2007) on Advance organizer model revealed these models’ effectiveness in fostering

Mathematics learning.
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Mani (2007) conducted an experimental study on the application of
information processing models in teaching Mathematics at the secondary level. The
study focused on three Information processing models: the Concept attainment model,
the Advance organizer model, and the Inductive thinking model. The study concluded
that instruction using Information processing models was more effective than the
Activity-oriented method in improving Mathematics achievement.

Muthukumar and Mohan (2001) conducted a study to evaluate the
effectiveness of the Information processing approach model in teaching statistics at
the college level. The model incorporates a structured sequence of steps: Teacher
initiates, presents the problem, helps students to explore relationship among the
variables, enables students to formulate hypothesis or possible solution, facilitates to
test the hypothesis or possible solution and helps to verify the accepted conclusion.
The study demonstrated that the Information processing approach model not only
enhances the effectiveness of teaching statistics but also made the learning process
more engaging and interesting for students. These findings suggest that this model
holds significant potential for improving the teaching of complex subjects like

statistics in higher education.

Review of Related Studies on Mathematical Outcomes

Bala and Sood (2024) examined the impact of Mathematics anxiety, language
of teaching, and achievement in Mathematics among eighth grade students. The
findings challenged conventional views, revealing that higher Mathematics anxiety
levels correlated with better academic performance, suggesting a motivational aspect

for some students. Additionally, students instructed in English medium outperformed
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those in Hindi medium, highlighting the significant impact of language on
Mathematics learning. The study emphasized the need for educational strategies that
addressed the dual influence of Mathematics anxiety and medium of instruction to

optimize student outcomes in Mathematics.

Cabanero et al. (2023) conducted a study to explore the relationship between
math anxiety and academic performance among Grade 6 students from elementary
school. The research revealed significant differences in students’ experiences of math
anxiety, influenced by various social, cognitive, and academic factors. The findings
emphasized the pivotal role of elementary teachers in shaping students’ attitudes
towards Mathematics and effectively managing math anxiety through appropriate
teaching strategies. The study also highlighted the necessity of early and tailored
interventions to reduce math anxiety, promoting a more positive and productive

learning environment for young learners.

Arup and Bijoyasaha (2019) studied Mathematics anxiety and prevention
strategies: An attempt to improvement of Mathematics performance of Secondary
school students in West Bengal. The results showed significant differences in
mathematics anxiety and performance based on gender and school type, but no
significant difference was found between mathematics related habitat anxiety and
performance.

An action research study by Kyli and McCoy (2019) examined the use of
game-based learning in a brief unit on ordered pairs for fifth-grade mathematics
students. Data on student attitudes and achievement were collected through surveys,

content tests, student interviews, and field notes. The teacher-researcher's analysis
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also incorporated classroom photographs, videos, and student work samples. The
findings showed that students' attitudes toward the lessons and mathematics in general

improved. In addition, achievement levels rose for all students across the unit

Tahir et al. (2019) conducted a classroom action research study to improve
students' Mathematics learning outcomes through the implementation of the Think-
Pair-Share cooperative learning model. The study, conducted cyclically, involved 25
tenth-grade students, and followed four stages in each cycle: planning, action,
observation and evaluation, and reflection. Data collection included observations of
student activities, response questionnaires, and Mathematics learning outcomes tests.
Qualitative analysis was used for observational and questionnaire data, while
descriptive statistics were employed for learning outcomes. The findings revealed that
the Think-Pair-Share model effectively enhanced students' performance in
Mathematics, demonstrating its potential as a valuable cooperative learning strategy

in the classroom.

Wang et al. (2019) examined the relationships between Mathematics teachers’
praise and students’ Mathematics-related beliefs and their perceived Mathematics
achievement rank in their respective classes. Students’ beliefs about Mathematics are
positively influenced by teachers’ praise, as well as students’ perceptions on their
achievement. Although a relatively low percentage of students reported receiving
praise from their teachers, the study found that increased praise was associated with
more positive mathematics-related beliefs. Additionally, students who received more

praise tended to perceive their achievement as higher. The results suggested that
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teachers' praise can foster more favourable mathematics-related beliefs and improve

achievement.

Kusumawardani et al. (2018) employed a combination of qualitative and
quantitative methods to investigate the impact of Mathematical reasoning based on
belief in problem-based learning with a dyadic interaction approach. The qualitative
findings included insights into the learning quality and responses from a mathematical
belief questionnaire. The quantitative results were based on data from reasoning
ability assessments. The main conclusion was that the use of problem-based learning
with a dyadic interaction approach proved effective in enhancing students'

mathematical reasoning abilities.

Kanmani and Nagarathinam (2017) conducted a study to explore the
relationship between problem-solving ability and achievement in Mathematics among
higher secondary students. A sample of 55 students was randomly selected, and the
survey method was employed for data collection. The study found that higher
secondary students had an average level of problem-solving ability and established a
significant positive correlation between problem-solving ability and achievement in

Mathematics

Prabawanto (2017) investigated the improvement of students' mathematical
problem-solving skills through instruction using a metacognitive scaffolding
approach in a quasi-experimental design with pre-service elementary school teachers.
The results revealed a significant difference in the improvement of problem-solving
skills between students taught with the metacognitive scaffolding approach and those

taught using a direct teaching approach. Additionally, no significant interaction was
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found between teaching methods and students' prior mathematical abilities in

enhancing problem-solving skills.

Hughes (2016) conducted a qualitative study to examine the relationship
between Mathematics anxiety, mathematical beliefs, and instructional practices
among 153 elementary Mathematics teachers. The results revealed statistically
significant correlations between these factors. Regression analyses showed that
mathematical beliefs were a significant predictor of instructional practices, while

Mathematics anxiety was not a significant predictor.

The major objective of a study by Rattanatumma and Puncreobutr (2016) was
to compare the effectiveness of teaching methods in improving Mathematics learning
achievement and problem solving ability of students at an international college. The
results showed that students taught using the STAD (Student-Teams Achievement
Divisions) cooperative learning model was more effective compared to those who

taught using problem-based learning.

Senthamarai et al. (2016) attempts to study on problem solving ability in
Mathematics of standard IX students in Dindigul district, Tamil Nadu. The study was
conducted with ninth-grade students using a survey method. The results indicated that
their problem-solving ability in Mathematics was at an average level for ninth

standard students.

Uysal and Dede (2016) investigated the relationship between Mathematics

anxiety and beliefs of Turkish Pre-service elementary Teachers. The results showed
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that the pre-service teachers had high scores on their beliefs about teaching

Mathematics, while their levels of Mathematics anxiety were generally low.

Lai et al. (2015) explored the impact of Mathematics anxiety and mathematical
metacognition on word problem solving in children with and without mathematical
learning difficulties (MLD). The participants were categorized into four achievement
groups: high, typical, low, and MLD. The results revealed that children with MLD had
a lower self-image and higher levels of learning Mathematics anxiety compared to
achievement in high and typical children, Additionally, MLD children had higher
anxiety than the low group. The study emphasized the role of anxiety in poor word
problem solving and suggested that addressing learning Mathematics anxiety is

essential for effective interventions in mathematical learning difficulties.

The Relation between Mathematics beliefs, conceptual knowledge and
mathematical experience among pre-service teachers was explored by Adnan, Zakaria
and Maat (2012). The study's results showed that teachers' overall mathematical
beliefs are high, their conceptual knowledge is strong, and their mathematical
experience is moderate. Further analysis revealed a significant correlation between

these three variables

Memnun et al. (2012) Main aim of the study was to report the results of the
statistical analysis that was performed to determine the beliefs about mathematical
problem solving of the Mathematics, science and elementary school pre-service
teachers and the results of whether gender and the teaching field they studied have

any effect on problem solving beliefs. The study concluded that there were no
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significant differences in problem-solving beliefs based on either the participants'

gender or their area of study.

Ozturk and Erden (2011) investigated preschool teachers' beliefs about
integrated curriculum and, more specifically, their beliefs about integration of visual
arts with other activities. The findings showed that while teachers generally held
positive views about integrated curriculum, they tended to use visual arts activities

primarily as a way to reinforce other subjects rather than integrating them directly.

Tarmizia and Tarmizi (2010) conducted an analysis of mathematical beliefs
among secondary school students in Malaysia. The study aimed to examine students'
beliefs related to Mathematics, focusing on their confidence in their mathematical
abilities and their perceptions of their teachers' attributes in Mathematics instruction.
The findings revealed a significant impact on students' beliefs in their mathematical
competency, with three key factors influencing these beliefs: students' views on their
teachers' qualities in Mathematics teaching, their Mathematics grades, and their

gender.

Ignacio et al. (2006) examined the beliefs, attitudes, and emotional responses
that students experience while learning mathematics. The study aimed to show that
positive attributes, beliefs, and attitudes about oneself as a learner can serve as a
source of motivation and foster expectations of success in studying the subject. The
findings revealed that neither gender nor the students’ grade level had an impact on

their self-concept regarding mathematics.

White et al. (2006) conducted three surveys involving pre-service primary

teachers. These surveys included an achievement test on the Mathematics they were
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expected to teach, a survey assessing their beliefs about Mathematics, teaching, and
learning, and a survey on their attitudes towards Mathematics. The study presented
the findings from these three assessments and explores the relationships between
them. The results revealed some connections between the three factors, although these

relationships were relatively weak.

A study titled "Descriptive Study of Primary School Students' Beliefs about
Mathematics" was conducted by Aksu et al. (2002). The results indicated that students'
beliefs about Mathematics differed significantly according to their grade level and
Mathematics achievement. However, no significant differences were found in the
beliefs related to the nature of Mathematics, the learning process, and its application

when comparing male and female students.

Stipek et al. (2001) explored the beliefs and teaching practices of fourth- to
sixth-grade teachers concerning Mathematics instruction. The study assessed teachers'
views on various aspects of Mathematics teaching and learning at both the start and
end of the school year. The results indicated a strong connection between the teachers'
beliefs and their instructional practices, with a notable relationship between their self-
confidence in teaching Mathematics and their students' self-confidence in learning the

subject.

Conclusion

Review of related studies in Art integration, Information processing Models
and Mathematical outcomes reveals that many studies are conducted in these areas in

India and abroad across primary to higher education levels.
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The reviewed studies on Art integration reported positive impact on students’
learning and classroom atmosphere in different subjects and grades. Most of the
studies reports its impact on achievement (Yildizhan & Cezikturk, 2022; Mohalik &
Basu, 2020; Joseph, 2019; Hardiman et al., 2017) and reduced anxiety in students
(Yadav &Joshi, 2024). Art integration helps to develop different skills and abilities,
retention ability (Agarwal,2024); Spatial temporal skill (Holmes & Hallam, 2017) and
reading fluency (Wandell et al., 2008). Studies have reported that art integration
enhances student active participation and is suitable for inclusive classroom (Mishra,
2024; Srivastava, 2023; Chacko, 2024; Heiman, 2020; Baird, 2015; Gullatt, 2008;

Skoning, 2008)

Studies on Information processing model reported teaching models like
Inductive thinking model, Concept attainment model, Advance organizer model,
Scientific inquiry model, Mnemonics, Memory model, Biological science inquiry
model are all beneficial for different subjects and grades, and these models are able to
develop different skills and abilities in learners and enhance academic achievement.
Many studies reported as Advance organizer model enhances achievement in
Mathematics (Majeed, 2021; Babu & Reddy, 2012; Mani, 2007; Raj, 2007)
achievement in Science subjects ( Kapri, 2017; Kaur & Kumar, 2016), Inquiry model
effective in students learning life sciences (Kaur & kumar, 2017), Cognitive growth
model develops mathematical critical thinking skill (Chasanah, 2019), Mathematics
achievement enhanced through Inductive thinking model (Mani, 2007), Memory
training model is effective in memorizing English spellings and proficiency English

grammar ( Namjoshi, 2015; Nivedita & Rani, 2015), Concept attainment model
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fostering Mathematics learning (Mani, 2017; Anjum, 2014); Angraini,et al.,2017) and
English learning (Nivedita & Rani, 2015), Biological science inquiry model is

effective in biology learning (Dhaaka, 2012).

Each model in the Information processing family is developed with specific
objectives and for specific content. Information processing approach model was
developed by including the major aspects of certain models under information
processing family. Effectiveness of Information processing approach model was
reported in statistics learning (Muthukumar and Mohan, 2001), and Problem solving

ability in Physics (Saminathan, 2017).

Many studies reported different teaching strategies (game-based teaching,
meta cognitive scaffolding approach, STAD, PBL with dyadic interaction approach
and cooperative learning) effective for math classroom (Kyli & McCoy, 2019;
Prabawanto, 2017; Rattanatumma & Puncreobutr, 2016; Isnarto & Junaed, 2018)
which have effect on students’ Mathematics attitude, achievement, and performance.
Several studies report relation between Math achievement with Mathematics anxiety,
belief, attitude, problem solving ability (Bala & Sood, 2024; Cabanero, et al., 2023;
Wang et al., 2019; Arup & Bijoyasaha, 2019; Kanmani & Nagarathinam, 2017; Uysal

& Dede, 2016; Senthamarai et al., 2016; Aksu et al., 2002)

Review of studies made the investigator to conclude that art integration is an
effective way to attain learning outcomes and Information processing approach model
is effective to develop problem solving ability among students. Integration of art
forms into the structured frame work of information processing approach model will

be suitable to a wide range of students in their abilities and skills to learn Mathematics.
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No studies are found to be reported in this approach and hence finding effectiveness
of Art Integrated Information Processing Model in attaining mathematical outcomes

is relevant to be explored.
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METHODOLOGY

Methodology means the specific, scientific procedure carried out in research.
The vehicle of research cannot perform its function without methodology as its
engine. The worthiness of research outcome is determined by the methodology
adopted. The method adopted should always be appropriate to the nature of the
problem under investigation and the kind of data that the problem demands. The
method adopted in research helps one to critically evaluate the validity and reliability

of the study.

In the present study an attempt was made to find the effectiveness of Art
Integrated Information Processing Model, Information Processing Model and Present
method of teaching in bringing out select Mathematical outcomes among secondary
school students. The methodology adopted in the study is detailed in this chapter under

the major headings viz.,

Design of the study
Variables

Participants

Instruments

Procedure of data collection

Statistical techniques used
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Design of the Study

Research design is a well-planned blueprint outlining the final shape of the
study which fulfils the objectives of the research and it gives a bird’s eye view of the

study.

An experimental design helps the investigator to find out the causal effect of
an intervention on the dependent variable by controlling other factors affecting the

outcome.

The present study followed quasi-experimental pre-test-post-test comparison
group design with three unequal groups. A comparison design uses two or more
variations of the independent variable and can use two or more groups (McMillian &
Schumacher, 2010). To know the effect of integrating Art into Information Processing
Model to bring out select Mathematical outcomes, comparison of performance of
three groups taught with Art Integrated Information Processing Model (AIIPM),
Information Processing Model (IPM) and the Present method of teaching was done.
Hence the effectiveness of Art Integrated Information Processing Model (AIIPM) was
tested by testing the effect of AIIPM, IPM and Present method of teaching for bringing
out Mathematical outcomes among secondary school students using quasi
experimental pre-test - post-test non-equivalent comparison group design. The design

used in this study is denoted as figure 2.
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Figure 2

Quasi- Experimental Pre-test-Post-test Non-equivalent Comparison Group Design

Group Pre-test Intervention Post-test
A - O > Xi - O
B - O > X2 - O
C - O - X3 - O
> Time

Xj -Treatment 1(AIIPM), X,- Treatment 2(IPM), X3- Treatment 3(Present method)

Experiment was conducted at two levels, one for standard eight students and
the second for standard nine students each with three comparison groups, to make the
study more generalizable to secondary school students. The pictorial representation of
the design is given as figure 3.

Figure 3

Outline of Design of the Study

AIIPM Group

—
)

Level 1

IPM
Standard VIII Group

Design {
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e IPM Group
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62 Methodology

Variables

Present study focuses on finding the effectiveness of teaching strategies: Art
Integrated Information Processing Model, Information Processing Model and Present
method of teaching in the attainment of select Mathematical outcomes viz., Problem
solving ability in Mathematics, Mathematics belief (Exploratory), Attitude towards
Mathematics, Achievement in Mathematics and reduced Mathematics Anxiety among

Secondary school students. Variables involved in the study are discussed below.

Independent Variable

In experimental research, the independent variable is the experimental variable
which the investigator manipulates. In the present study, the experimental variable is
the instructional strategy which has three levels, viz., Art Integrated Information
Processing Model, Information Processing Model and Present method of teaching.
Three groups were selected randomly among which the first group was exposed to Art
Integrated Information Processing Model, the second group to Information Processing
Model and the third group was exposed to the usual method of teaching followed in

the schools to teach Mathematics.

Dependent Variable

The dependent variable is that on which the experimental variables have some
effect. In the present study, Mathematical outcomes is taken as the dependent variable
which is a construct defined as cognitive, and affective outcomes of Mathematics

learning. The major outcomes considered are Problem solving ability in Mathematics,
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Achievement in Mathematics, Mathematics belief, Attitude towards Mathematics, and

reduced Mathematics anxiety.

Rationale of including each of these variables under Mathematical outcomes

1s discussed below.

Problem Solving Ability in Mathematics

A major aim of education is to equip children to solve problems independently
for better adjustment in the future complex society. Problem solving is a higher order
cognitive process that directs at achieving a goal while facing a perplexing situation.
Problem solving allows the students to experience a range of affective, cognitive and
conative dimensions associated with various stages in the solution process.
Mathematics is a subject aimed to develop problem solving ability among its learners.
Any approach to Mathematics education can be evaluated based on its power to
develop problem-solving ability among students. Problem solving ability is also
included as an important 21% century skill by WHO (2020). Considering its
importance in Mathematics education, Problem solving ability in Mathematics is

taken as one element of Mathematical outcomes.

Mathematics Belief

The affective outcomes of Mathematics learning are often overlooked during
teaching and assessment, the most neglected one being Mathematics belief.
Mathematics belief system is the conscious and unconscious subjective conceptions
learners hold to be true about Mathematics. Every learner holds a Mathematics belief

(as systematic/exploratory/utilitarian) which influences the overall behaviour of the
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learner in Mathematics learning. An upgraded belief system in students can be
achieved through effective teaching strategies. To explore the impact of instructional

strategies, Mathematical belief as a Mathematical outcome would be significant.

Mathematics Anxiety

Mathematics anxiety is a general fear or tension associated with anxiety-
provoking situations that involve interaction with math (Legg & Locker, 2009).
Mathematics anxiety is found to be a negative correlate of student’s performance,

attitude, and achievement (Kundu & Kar, 2018; Tartaro, 2023)

Many factors inside and outside classroom contribute to Mathematics anxiety,
the instructional strategies adopted being a remarkable one. The classroom
experiences also create anxiety among students (Musa & Maat, 2021; Marks, 2022;
Tartaro, 2023). Introducing novel teaching methodologies in Mathematics classrooms
holds promise for alleviating Mathematics anxiety, consequently promoting a positive
shift in learners' overall Mathematics acquisition. Given the substantial negative
association between math anxiety and students’ performance, in the present study
Mathematics anxiety is incorporated as an affective variable under Mathematical

outcomes.

Attitude towards Mathematics

Attitudes of students play an important role in the process of learning. Positive
attitudes towards the subject makes the learner involve in learning and achieve better
(Hwang & Son, 2021; Mensah et al., 2013). The methods and strategies adopted by

the teacher influence the attitude of students towards the subject. The experiences
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received by the learners determines their attitudes. Teaching of Mathematics intends
to develop a positive attitude towards Mathematics among students (NCF, 2023).
Hence Attitude towards Mathematics is considered as a Mathematical outcome for the

present study.

Achievement in Mathematics

Achievement in Mathematics is positively associated not only with cognitive
abilities but also with affective and conative abilities (Abin et al., 2020; Ayebale et al.,
2020; Khine et al., 2015). Students’ Mathematical achievements have an influential
effect on their performance in future courses and careers. Proficiency in Mathematics
is always essential to succeed in every walk of life in the past, present and future. It is
a cliche that success of a teaching strategy is determined by analyzing students' test
scores. The formal education system is always following the practice of taking
students' scores in examinations as the primary measure of quality. One cannot neglect
the importance of achievement scores of learners in the present education system. So,

achievement in Mathematics was also included as a Mathematical outcome.

Participants

The population under study is Secondary school students of Kerala. Secondary
school students are students studying in 8", 9™ and 10" standards. In order to
generalize the findings of the study, one is expected to experiment with representative
groups of each level. As it is practically difficult to conduct experiment with 10"
standard students it was decided to conduct experiment with 8" and 9" standard

students. The investigator expects that conducting experiment at two levels, among



66 Methodology

8" and 9™ standard students, will improve the generalizability of application of the
model. The rationale for selecting 8" and 9" standard students for the experiment can
also be explained as the nature of students in 8" and 9™ are expected to be different,
8" standard students being fresh ones and 9" standard students being adopted to the
approaches and goals of secondary school education. Thus, the sampling frame

includes both 8™ and 9" standard students.

The experiment was conducted separately for students of 8" and 9™ standard.
For the conduct of the study, three groups for each level (8 and 9™ standard) were
needed. For experimentation, the investigator opted for Thrissur district and then
listed Government and aided co-educational schools in Thrissur educational district.

(The list of schools is appended as Appendix I).

The investigator contacted the school authorities in person and sought
permission to conduct the study. The investigator obtained permission to conduct the
study at HSS Arimpur, a co-educational aided institution under Thrissur educational
district. As three classes are to be handled simultaneously, three divisions of gt
standard were selected randomly from the same school. Among these three divisions,
one was allotted as comparison group 1, the second as comparison group 2, and the
last as comparison group 3 randomly. The same procedure was followed for 9™
standard also. Participants of the study were 215 students, 111 from 8" standard and
104 from 9" standard constituting 3 comparison groups for 8" and 9" standard

respectively. The details of the sample are given in table 1.
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Break- up of the Sample Selected for Study
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) Level I Level II
COT(I}IE);E;S . Experimental levels Standard Standard ~ Total
VIII IX
Group 1 AIIPM 36 34
140
Group 2 IPM 36 34
Group 3 Present method of teaching 39 36 75
Total 111 104 215

Instruments

Any scientific investigation needs certain instruments that help the

investigator to collect relevant data from the participants. Selection of the appropriate

instruments for collecting data is an integral part of Methodology. The present study

examines the effect of Art Integrated Information Processing Model, Information

Processing Model and Present method of teaching in attaining select Mathematical

outcomes. Following tools and materials were used in the experimental phase of the

present study.

a) Mathematics Belief inventory (Saritha & Vijayakumari, 2019)

b) Test of Problem-Solving Ability in Mathematics (Rinsa & Sumangala, 2008)

c) Scale of Attitude towards Mathematics (Saheedali & Vijayakumari, 2013)

d) Mathematics Anxiety Scale (Malini & Sumangala, 1996; Re-standardized by

Midhundas & Vijayakumari,2017)

e) Achievement tests in Mathematics (Saritha & Vijayakumari, 2019)
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f) Teaching Manual based on Art Integrated Information Processing Model
(Saritha & Vijayakumari, 2019)

g) Teaching Manual based on Information Processing Model (Saritha &
Vijayakumari, 2019)

h) Teaching Manual based on Present method of teaching (Saritha &

Vijayakumari, 2019)

Among the above instruments/materials, Mathematics belief inventory,
Achievement test in Mathematics, and Teaching Manuals were developed by the
investigator. Test of Problem-Solving Ability in Mathematics, Scale of Attitude

towards Mathematics, and Mathematics Anxiety Scale were adopted.

Mathematics Belief Inventory (Saritha & Vijayakumari, 2019)

Mathematics belief inventory was constructed and standardized by the
investigator with the help of supervising teacher to measure Mathematics belief of

Secondary school students.

The inventory was developed based on Daskalogianni and Simpson (2001)
categorization of beliefs about Mathematics as a discipline based on the theory of
Rokeach (1975), which considers the organization of individuals’ beliefs within a
central peripheral dimension. This suggests the existence of a central belief system
(macro beliefs) and inner structure of peripheral belief system (micro beliefs) which

vary in depth and stability among individuals.

Daskalogianni and Simpson (2001) categorized beliefs about Mathematics

into three macro belief systems viz., systematic, exploratory, and utilitarian and four
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micro belief systems viz., nature of Mathematics, focus of exercises, working in

Mathematics and didactical contract.

Macro-beliefs along with their peripheral micro-belief characteristics of

students about Mathematics are presented in table 2.

Table 2
Categorization of Beliefs about Mathematics by Daskalogianni and Simpson (2001)

MACRO - BELIEFS

Systematic Exploratory Utilitarian
Nature of methodical, problem-solving, tO.O | for othe‘r
. i . . subjects, applied
Mathematics logical linking things o
in life
% derstand
= Focus of follow a series __understan obtain correct
= . different ways of
— exercises of steps o exam answer
= thinking
==
8 Working in exac.t answet, explore things, kngwn
O . similar . algorithms,
— Mathematics . enjoy challenge .
S €exercises study techniques
Didactical dependence on dependence on dependence on
notes and el
contract own abilities teacher
teacher

Note. Table reproduced from Daskalogianni, K., & Simpson, A. (2001). A
categorisation of upper sixth-form students’ beliefs about mathematics. In T. Rowland
(Ed.), Proceedings of the British Society for Research into Learning Mathematics
(Vol. 21, No. 1, pp. 13—18). British Society for Research into Learning Mathematics.

Learners who categorize their belief system as "systematic" tend to view
Mathematics as a static subject with a focus on exercises that require the use of
established methods and strategies. They see mathematics as a logical, methodical
discipline where problems have clear, exact solutions. The problem-solving process
is seen as a series of steps, and learners often refer back to notes and rely heavily on

the teacher for guidance.
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Learners with an "exploratory" belief system view Mathematics as a dynamic
subject where multiple correct answers may exist for a problem. They enjoy tackling
new challenges and actively seek connections between different concepts. These
learners place a strong emphasis on self-reliance and depend on their own abilities to

learn and solve mathematical problems.

Learners who adopt a "utilitarian" belief system see Mathematics primarily as
a practical tool that can be applied to other subjects or real-life situations. They focus
on using study techniques to solve problems, aiming for correct answers in exercises
and exams. These learners typically rely on well-known algorithms and numerical

methods for problem-solving and often depend on the teacher for guidance.

Preparation of the Inventory

Based on the Macro belief system explained by Daskalogianni and Simpson
(2001), Mathematics belief inventory was constructed. Items are written with a phrase
and three options, each representing macro belief system in the order systematic,
exploratory and utilitarian. The phrases are written based on the micro belief systems

and the characteristics under each category.

Each belief system in the inventory is described below.

Nature of Mathematics.

Example. When solving a new Mathematics problem

A. Follow previous math problem solving steps (Systematic Belief)
B. Carefully analyze, then find a suitable method (Exploratory Belief)

C. Use Memorized easy methods (Utilitarian Belief)
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Focus of Exercises.

Example. Mathematical Problems are

A. Based on textbooks (Systematic Belief)

B. Interesting and thought provoking (Exploratory Belief)

C. Possible to arrive at the answer easily (Utilitarian Belief)
Working in Mathematics.

Example. Solving Problems in Mathematics means

A. To find out the correct answer (Systematic Belief)
B. Find a systematic approach to problem solving (Exploratory Belief)
C. Use formulae (Utilitarian Belief)

Didactical Contract.

Example. The focus in studying Mathematics should be on

A. Class notes (Systematic Belief)
B. Self-Practice (Exploratory Belief)
C. Easy Methods/ Formulae (Utilitarian Belief)

The draft inventory consisted of 26 items under the three macro belief systems
and micro beliefs under four areas viz., nature of Mathematics, focus of exercises,

working in Mathematics and didactical contract.

Distribution of items in the inventory under the Micro belief systems are

presented in table 3.
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Table 3

Distribution of Items in Mathematical Belief Inventory (Draft) under Four Micro

Belief Systems
SI. No. Micro belief System Item Numbers Total items
1 Nature of Mathematics 1,2,3,4,17,18, 6
2 Focus of exercises 5,6,7,9,11,20,25 7
3 Working in Mathematics 8,10,15,16,22,23.24 7
4 Didactical contract 12,13,14,19,21,26 6

The draft inventory, consisting of 26 items, has undergone scrutiny by expert
in the field (Certificate from expert is given as Appendix II). After incorporating the
suggestions by the expert, pilot testing of the draft inventory was done. The draft

inventory is appended as Appendix III.

Pilot Testing

A sample of 370 Secondary school students from Thrissur and Kozhikode
districts was selected using stratified sampling technique for pilot testing. After
obtaining permission from the concerned authorities, the investigator gave necessary
instructions to the students and administrated the inventory. The response sheets were

collected back after responding.

Then the responses were scored for systematic, exploratory, and utilitarian
belief separately. This was done by assigning a score of 1 for a response related to
systematic belief and a score of zero for the other two responses; a score of 1 for a

response in the exploratory belief and a score of zero for the other two responses and
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for scoring under utilitarian belief, one score was given for a response related to
utilitarian belief and zero score for other two responses. Then the total score for each

belief was calculated separately by adding the scores in each belief category.

Item Analysis

Item analysis was done at three stages: one for systematic belief, second for

exploratory belief and third for utilitarian belief.

The response sheets were arranged from highest to lowest score three times,
one for systematic, second for exploratory and the third for utilitarian. The top 27
percentage and lowest 27 percentage were separated and the number of correct
responses for each belief in the upper and lower groups were counted and the
discriminating power of each item was calculated for systematic, exploratory, and

utilitarian belief separately using the formula.

where, U is the total score of the upper group for an item, L is the total score of the

lower group for that item and N, the size of one group.

Discriminating power of items measuring systematic, exploratory, and

utilitarian belief systems are presented in table 4.
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Table 4

Discriminating Power of Items in Mathematics Belief Inventory Measuring

Systematic, Exploratory and Utilitarian Belief System

Item No. Systematic Exploratory Utilitarian Remarks
1 0.509 0.471 0.594 Accepted
2 0.424 0.302 0.371 Rejected
3 0.472 0.454 0.432 Accepted
4 0.461 0.307 0.362 Rejected
5 0.529 0.578 0.547 Accepted
6 0.580 0.345 0.353 Rejected
7 0.551 0.57 0.641 Accepted
8 0.686 0.603 0.633 Accepted
9 0.533 0.592 0.504 Accepted
10 0.468 0.462 0.352 Rejected
11 0.586 0.558 0.574 Accepted
12 0.469 0.425 0.487 Accepted
13 0.489 0.402 0.551 Accepted
14 0.611 0.54 0.534 Accepted
15 0.615 0.548 0.62 Accepted
16 0.488 0.526 0.541 Accepted
17 0.593 0.588 0.598 Accepted
18 0.572 0.508 0.488 Accepted
19 0.557 0.598 0.669 Accepted

20 0.511 0.468 0.413 Accepted
21 0.585 0.585 0.598 Accepted
22 0.629 0.589 0.580 Accepted
23 0.653 0.649 0.656 Accepted
24 0.399 0.531 0.484 Accepted
25 0.602 0.659 0.644 Accepted
26 0.562 0.536 0.491 Accepted

Items having discriminating power greater than .4 for the three belief systems,
systematic, exploratory and utilitarian are included in the inventory. If for any belief

system, the value is less than .4, that item is deleted from the inventory. Item number
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2,4,6 and 10 are rejected as the discriminating power is less than .4 for one or more
belief systems. The final inventory contains 22 items, the details of which are given

in table 5.

Table 5

Distribution of Items in Mathematical Belief Inventory (Final) under Four Micro

Belief Systems
SI.No. Micro belief System Item Numbers Total items
1 Nature of Mathematics 1,2,13,14 4
2 Focus of exercises 3,4,6,7,16,21 6
3 Working in Mathematics 5,11,12,18,19,20 6
4 Didactical contract 8,9,10,15,17,22 6

Scoring Procedure

The Mathematics belief inventory contains 22 items, each with a set of three
responses corresponding to three belief systems. The responses were scored separately
for systematic, exploratory, and utilitarian belief. A score of 1 was assigned to a
response related to systematic belief, while the other two responses received a score
of 0. Similarly, a score of 1 was assigned to a response related to exploratory belief,
with the other two receiving a score of 0. For utilitarian belief, a score of 1 was given
for a response related to utilitarian belief, and O for the other two responses. The total
score for each belief category was calculated separately by adding the scores within

each category.
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Reliability

Internal consistency of items in the inventory was calculated by using
Cronbach’s Alpha. The reliability coefficients obtained for three belief systems,
Systematic, Exploratory and Utilitarian are .92, .91 and .92 respectively. Consistency
over time was established by test-retest method. The reliability coefficients obtained
for each belief system are .79, .69, and .71. Therefore, the scores obtained from the

inventory can be considered as highly reliable.

Validity

The inventory was developed on the macro and micro belief systems suggested
by Daskalogianni and Simpson (2001) based on the theory of Rokeach (1975). Items
for the inventory were selected based on the recommendations of expert in the field,
and each item has three responses belonging to the three systems, Systematic,
Exploratory and Utilitarian. Hence the inventory has construct and face validity. A

copy of Mathematics belief inventory is appended in Appendix IV.

Test of Problem-Solving Ability in Mathematics (Rinsa & Sumangala, 2008)

In order to measure Problem solving ability in Mathematics of students, test
of Problem solving ability in Mathematics developed by Rinsa and Sumangala (2008)
was adopted. The test consists of 25 multiple choice items based on six types of
problems viz., Logical problems, Algorithmic Problems, Story problems, Rule using
problems, Troubleshooting problems and Situated case problems. Each type of

problem is described below.
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Logical Problems

Logical problems measure mental acuity, clarity, and logical reasoning of the

learners. Reasoning method will lead the learner to find the specific solution.

Example. Rajeev has 35 notes of Rs.100 stacked on the basis of serial number.
If the serial number of the first 100-rupee note is 12965, what is the serial number of

the last note?

A. 13999 C. 12999
B. 13001 D. 13000
Algorithmic Problems

In algorithmic problems, the learners select and apply the correct sequence of

operations for finding its solutions.

XG40 43444546 = XEFD

2

Example. 14+2+3+4+5 =

, 14243+4454+6+7

=D then what is 142+3+4+5+6+7+8+9+10 ?

A 8x(8+1) C. 10x(10+1)
2 2
2
B. 5x(5+1) D. 10+(10+1)
2 2
Story Problems

Story problems are usually narrative or situation type problems which need a

more complex cognitive process for solving it.
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Example. The father decided to give his eldest son half of his property, to the
second son half of the remaining and to the youngest one the rest. What portion of the

property is supposed to give the third son?

A. One fourth of his property C. One third of his property

B. Half of his property D. One eighth of his property

Rule Using Problems

A rule using a problem has multiple solution paths/ways or rules to arrive at a
solution. The learner identifies the most accurate information in a minimum amount

of time.

Example. Which of the following is always an even number?

A. Even number x Odd number C. Odd number x Odd number

B. Even number + Odd number D. Even number = Even number

Troubleshooting Problems

Troubleshooting problems are familiar types of problems in everyday problem
solving. To find the solution, the learner must integrate and organize some skills and

strategies like search and replace, serial elimination, space splitting, experience, etc.

Example. In a class, the number of girls is five times greater than that of boys.

Which of the following would not be a possible number of girls in that class?

A. 36 C.54

B. 48 D. 62
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Situated Case Problems

Situated case problems require the learner to identify the nature of the problem
and the different perspectives of the problem before suggesting solutions. Before
reaching the final process, the solver must go through the process of justifying the

decision.

Example. A soap measures Scmx4cmx1.5cm. Find how many soaps a

cardboard box can contain, which measures 55cmx48cmx15cm.

5x4x1.5 55x48x15

" 55x48x15 " 5x4x15
5X.4x.15 55x48x15

' 55x48x15 © .5X.4X.15

Scoring Procedure

Test of Problem-solving ability in Mathematics contains 25 items of multiple-
choice type. Each item in the test is followed by four responses- A, B, C and D. The
students have to select the correct answer from the given four alternatives among
which one is the correct response and the other three are the distractors. Each correct
response will get a score of ‘one’ and for a wrong answer the score is ‘zero.” The sum
of scores on all the items of the test provides the score on Problem-solving ability in
Mathematics of the respondent. The maximum score obtainable is 25 and minimum

is zero.

Reliability

The reliability of the test was established by the test- retest method. The
reliability coefficient obtained is .75. Hence the test can be considered as a reliable

one.
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Validity

Concurrent validity of Test of Problem-Solving Ability in Mathematics was
established by the developers using another test of Problem-Solving Ability in
Mathematics developed by Vijayakumari and Sumangala (2000). A positive value of
Correlation (0.59) indicates that the test is valid to measure Problem Solving Ability

in Mathematics.

Scale of Attitude Towards Mathematics (Saheedali & Vijayakumari, 2013)

Scale of Attitude towards Mathematics developed by Saheedali and
Vijayakumari (2013) was used to measure the variable Attitude towards Mathematics.
It is a five-point Likert scale with 32 items based on eight dimensions of Attitude
towards Mathematics viz., value of learning Mathematics, practicality of Mathematics
in life, anxiety and motivation in Mathematics, attitude towards teachers of
Mathematics, use of Mathematics to learn other subjects, attitude towards
mathematicians, universalization of Mathematics and aesthetics of Mathematics.

Among these, nine statements are positively stated and 23 are negatively stated.

Example

Value of Learning Mathematics. Mathematics is quite essential for success

in life.

Practicality of Mathematics in life. It is easy to get job for those who learnt

Mathematics
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Anxiety and Motivation in Mathematics. I don’t attend the Mathematics

classes since they are tough and dull.

Attitude towards Teachers of Mathematics. Mathematics teachers are

noble.

Use of Mathematics to Learn Other Subjects. Mathematics learning helps

the learning of art.

Attitude towards Mathematicians. The biography of Mathematicians

promotes motivation among students to learn Mathematics.

Universalization of Mathematics. The findings of Mathematics are useful to

people of all countries.

Aesthetics of Mathematics. Mathematics is useful in the creation of art forms.

Scoring Procedure

Each statement in the scale has five responses: Strongly Agree, Agree,
Undecided, Disagree and Strongly Disagree. The responses to each positive item has
to be scored as 5, 4, 3, 2, and 1 respectively for the responses Strongly Agree, Agree,
Undecided, Disagree and Strongly Disagree respectively. For negative items the
scoring is in the reverse order. The total score obtained for a respondent stands for the
score on Attitude towards Mathematics of that individual. The maximum score

obtainable in the scale is 160 and minimum is 32.
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Reliability

Reliability of the scale was ensured by calculating Cronbach alpha coefficient
and test-retest method. Cronbach alpha coefficient obtained is .78 and in test-retest
method, the correlation coefficient is .89. Thus, the instrument can be considered as a

reliable one.

Validity

The developers claim for face validity and criterion related validity of the
scale. Face validity of the scale was ensured by consulting with experts in the field of
education in the construction of the scale. The criterion related validity of the scale
was established by correlating the scores of Scale of Attitude towards Mathematics
with that of the scores obtained in Scale of Attitude towards Mathematics developed
by Sunny and Sumangala (1987). The validity coefficient obtained for the scale is .84
(N=30). The value shows that the scale is valid to measure Attitude towards

Mathematics.

Mathematics Anxiety Scale (Malini & Sumangala, 1996; Re-standardized by

Midhundas & Vijayakumari, 2017)

The scale was developed by Malini and Sumangala (1996) and re-standardized
by Midhundas and Vijayakumari (2017) to measure the extent of anxiety in working
with Mathematics. The original scale is a five-point Likert-type scale with 29 items,
the possible responses being Strongly Agree (SA), Agree (A), Undecided (U),
Disagree (D), and Strongly Disagree (SD). Among the 29 items, 23 items measure

debilitating anxiety, while 6 items measure facilitating anxiety. The re-standardized
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scale contains 24 items, with 23 items measuring debilitating anxiety and one item

measuring facilitating anxiety.

Example

Facilitating Anxiety. To excel in Mathematics, [ am ready to confront any

difficulties.

Debilitating Anxiety. I failed to answer the questions of my Mathematics

teacher due to my anxiety.

Scoring Procedure

The Mathematics anxiety scale is a five-point Likert type scale with responses
SA, A, U, D, and SD. For debilitating anxiety items, the scores assigned are 5, 4, 3, 2,
and 1 for these responses respectively. For facilitating item, the scores assigned are 1,
2, 3, 4, and 5 for the responses SA, A, U, D, and SD respectively. The sum of scores
for all items yields the score on the Mathematics anxiety scale. This scale contains 24

items, with the minimum score obtainable as 24 and the maximum score 120.

Reliability

The developers of the original scale claimed a test-retest reliability coefficient
as .86 (N=35) and the Cronbach’s Alpha coefficient as .80 (N=100). The internal
consistency of the revised scale was established by Cronbach’s Alpha coefficient

(.85), indicating that the scale is reliable.
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Validity

In the original scale the statements were phrased in the least ambiguous way
and hence the scale is a good measure of Mathematics Anxiety. So, the scale ensures

face validity.

Construct validity of the scale was ensured by testing the following hypotheses.

i. The measure of the scale will discriminate significantly between high and

low achievers in Mathematics.

ii. The measures of the scale will be negatively related to measures of the scale

of Self Concept in Mathematics.

These hypotheses were confirmed by testing on a sample of 30 students

selected randomly (t-value 38.207 and r = -.632).

The criterion related validity was ensured by correlating the scores with that
of Kerala Examination Anxiety Scale (Nair, 1976) and Mathematics achievement
scores from school records. The correlation coefficients obtained are .57 and -.64

respectively. Hence the scale is valid to measure Mathematics anxiety among students.

In the revised version no change in the structure of the scale or wording was
made and hence no change in validity of the scale is expected, so the scale is valid to

measure Mathematics anxiety of secondary school students.
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Achievement Tests in Mathematics

Topics considered for the Achievement test in Mathematics (Standard VIII)
are Money maths and Construction of quadrilaterals. For standard IX, the topics are
Real numbers and Prisms. These topics were considered because as per the year plan
and unit plan of school, these topics are to be taken in months expected for the

experiment.

The two achievement tests in Mathematics, for standard VIII and IX were
constructed following the same procedures. The details of construction of the tests are

given under the headings.

° Achievement test in Mathematics for Standard VIII

° Achievement test in Mathematics for Standard IX

Achievement test in Mathematics for Standard VIII

To measure Achievement in Mathematics of students in Standard VIII, an
achievement test was developed by the investigator with the help of supervising

teacher.

Steps followed in the construction of the Achievement test are discussed below

Planning of the Test. Achievement test in Mathematics (Standard VIII) is
intended to measure achievement of standard VIII students in the selected units viz.,
Money maths and Construction of quadrilaterals. A one-hour test based on Revised

Bloom’s Taxonomy (RBT) (Anderson & Krathwohl, 2001) was planned for a
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maximum of 25 marks. The investigator carefully analyzed the text book and teacher

text to list the learning outcomes of the selected units before preparing the test.

Learning outcomes of the unit, Money maths are listed below.

The learner

1. Explains the method of computing interest by simple interest and

compounding interest for interest.

2. Explains the method of computing amounts under interest compounded, half

yearly, quarterly or in any frequencies.

3. Solves other practical problems, using the method of compound interest.

Learning outcomes outlined in the unit, Construction of Quadrilaterals are

listed below

The learner

4. Finds the measurements needed to specify a parallelogram.

5. Draws parallelogram according to specifications.

6. Finds the measurements needed to specific trapezium.

7. Explains the methods of drawing trapezium according to specification.
8. Draws quadrilateral according to specifications

Preparation of the Design. The test was designed to assess the achievement
of students in the cognitive domain. Due weightage was given to units and learning
outcomes, thinking skills, form of questions and difficulty level of questions. The

details of each are given below.
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Weightage to Units and Learning Qutcomes. The weightage given for the

units and learning outcomes are given in table 6.

Table 6

Weightage to Units and Learning Outcomes (Standard VIII)

SI. No. Units éjggglegs Marks  Percentage
1 Money Maths 1,2,3 12 48
2 Construction of quadrilaterals 4,5,6,7 13 52
Total 25 100

Weightage to Thinking Skills. Items are expected to be based on
Remembering, Understanding, Applying, Analyzing, Evaluating, and Creating,
aiming to assess students' achievement levels aligned with the selected units. The
weightage given to thinking skills are given in table 7.

Table 7

Weightage to Thinking Skills (Standard VIII)

S1. No. Thinking Skills Marks Percentage

1 Remembering 3 12

2 Understanding 3 12

3 Applying 9 36

4 Analyzing 4 16

5 Evaluating 2 8

6 Creating 4 16
Total 25 100

Weightage to Form of Questions. The weightage given to form of questions

are given in table 8.
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Table 8
Weightage to Form of Questions (Standard VIII)
SI. . .
No. Form of Questions No. of questions Marks  Percentage
1 Objective 3 12
2 Short answer 14 56
3 Essay 2 8 32
25 100

Total

Weightage to Difficulty Level. Due weightage was given to the easy, average

and difficult questions. The weightage given to difficulty levels are given in table 9.

Table 9
Weightage to Difficulty Level (Standard VIII)
SI. No. Difficulty level Percentage
1 Easy 20
2 Average 60
3 Difficult 20
Total 100

Preparation of the Blue Print. Blue print makes the test construction

systematic and it also ensures the content validity of the test. Here, the blueprint is

prepared in the form of a three-dimensional chart that outlines the distribution of

questions based on Thinking skills and Content-wise.

The design and blueprint of the test are given in table 10.
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Table 10

Blueprint for Achievement test in Mathematics for Standard VIII

T};?ilﬁl:g Remembering Understanding ~ Applying Analyzing Evaluating Creating
Form of -
Question E

O S E O S EO S EOSEOSEOSE
Content
=
Money Maths SRS Tz <
— A - <
&
Construction —_ —_ —_
of Q< Q - T o0
. — — @\ N <
Quadrilaterals
Total 3 3 9 4 2 4 25

*  The number inside the bracket indicate the number of questions and that outside indicate the mark

to each question.
* O,S,E indicates Objective, Short answer and Essay type test items respectively.

Writing of Items. A pool of items was constructed based on the content.
Finally, 11 questions selected based on the blueprint, which consist of three objective
type questions, five short answer types and two essay type questions. Care was taken

to make the items simple, clear, and specific.

Evaluation of the Draft Test. After preparing the draft test, the investigator
discussed these items with experienced Mathematics teachers for ensuring the quality

of the test. Suggestions given by the experts were incorporated by the investigator into

the test.

Item Analysis. Item- total correlation coefficient was calculated for each item

to ensure the quality of items. The values are given as Appendix V.
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As all the items are found to have sufficient correlation with the total score, all

the 11 items were selected for the final test.

Reliability. Reliability of the test was established by test-retest method on 35
eighth standard students. After two weeks of the first test, the same test was
administered on the same students. The correlation between students’ scores on the
first and second test was calculated. The test-retest reliability coefficient was found to

be 0.82. Hence the test can be considered as reliable.

Validity. Content validity of the test was ensured by covering major concepts
and learning objectives in each unit, a process that underwent scrutiny by Mathematics
teaching and assessment experts. Irrelevant items were eliminated, and ambiguous
ones were revised based on the expert's recommendations. The test has face validity

as the questions are framed based on the design and blue print of the test.

Preparation of Scoring Key and Marking Scheme. The test contains
objective, short answer and essay type questions. Scoring key was prepared for
objective type questions and marking scheme for descriptive type questions. A copy
of Achievement test in Mathematics for Standard VIII and scoring key and marking

scheme are given as Appendix VI and VII.

Achievement Test in Mathematics for Standard IX

The investigator, with guidance from the supervising teacher, developed an
achievement test to assess achievement in Mathematics of Ninth standard students on

selected topics.

Steps followed in the construction of the achievement test are discussed below.
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Planning of the Test. Achievement test in Mathematics (Standard IX) is
intended to measure achievement in Mathematics of ninth standard students in the
selected units viz., Real Numbers and Prisms. A one-hour test based on Revised
Bloom’s Taxonomy (RBT) (Anderson & Krathwohl, 2001) was planned for a
maximum of 25 marks. The investigator carefully analyzed the text book and teacher

text to list the learning outcomes of the selected units before preparing the test.

Learning outcomes of the unit ‘Real Numbers’ are listed below.

The learner

1. Draws a number line and explains its properties.

2. Describes the method to find distance between two points.
3. Computes the midpoints of two points.

4. Identifies absolute value of numbers.

Learning outcomes outlined in the unit ‘Prism’ are listed below

The learner

5. Describes the method of finding volume of prisms.

6. Explains the method to find the area of prisms.

7. Describes the method to calculate the volume and area of a cylinder.
8. Solves practical problems related to prisms.

Preparation of the Design. The test was designed to assess the achievement

of students in the cognitive domain. Due weightage was given to units and learning
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outcomes, thinking skills, form of questions and difficulty level of questions. The

details of each are given below.

Weightage to Units and Learning Outcomes. The weightage given for the

units and learning outcomes are given in table 11.

Table 11

Weightage to Units and Learning Outcomes (Standard 1X)

1\811)’ Units Learning Outcomes Marks  Percentage
1 Real Numbers 1,2,3,4 13 52
2 Prisms 5,6,7,8 12 48
Total 25 100

Weightage to Thinking skills. The test is expected to cover Remembering,
Understanding, Applying, Analyzing, Evaluating, and Creating, aiming to assess
students' achievement levels aligned with the selected units. The weightage given to

thinking skills are given in table 12.

Table 12
Weightage to Thinking Skills (Standard I1X)

S1. No. Thinking Skills Marks Percentage
1 Remembering 1 4
2 Understanding 3 12
3 Applying 11 44
4 Analyzing 3 12
5 Evaluating 4 16
6 Creating 3 12

Total 25 100
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Weightage to Form of Questions. Weightage given to the form of questions

are given in table 13.

Table 13

Weightage to Form of Questions (Standard IX)

1\812' Form of Questions No. of questions Marks  Percentage
1 Objective 5 5 20
2 Short answer 6 16 64
3 Essay 1 4 16
Total 25 100

Weightage to Difficulty Level. Due weightage was given to easy, average and

difficult questions. The weightage given to difficulty level is given in table 14.

Table 14
Weightage to Difficulty Level (Standard IX)

S1. No. Difficulty level Marks Percentage
1 Easy 5 20
2 Average 16 64
3 Difficult 4 16
Total 25 100

Preparation of the Blue Print. Based on the design of the test, blue print was

developed which is given as table 15.
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Table 15

Blueprint for Achievement Test in Mathematics for Standard IX

Thinking Skills Remembering Understanding Applying Analyzing Evaluating Creating

Form
of =
Question é
(0] S E (0] S E O SEO S EOS E O S E
Content
Real Numbers = ) ) = = “
— — — (el on on
Prisms § § g N
Total 1 3 11 3 4 3 25

*  The numbers inside the bracket indicate the number of questions and those outside indicate the
mark to each question.

* 0O, S, E indicates Objective type test items, short answer type test items and essay type test items
respectively.

Writing of Items. Based on the blue print 12 questions were prepared, five
objective type questions, six short answer type and one essay type question. Care was

taken to make the items simple, clear, and specific.

After item preparation, they were undergone scrutiny by experienced Mathematics
teachers for ensuring the quality of the test. Suggestions given by the experts were

incorporated by the investigator into the test.

Item Analysis. The test was administered for a group of 42 ninth standard
students and the item- total correlation was calculated for each item. Items with
sufficient correlation were selected for the final test. All 12 questions satisfied the

criteria and hence were included in the final test. The correlation table is given as

Appendix VIII.
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Reliability. Reliability of the test was established by test-retest method on 42
ninth standard students. After two weeks of the first test, the same test was
administered on the same students. The correlation between students’ scores on the
first and second administration of the test was calculated. The test-retest reliability

coefficient was found to be 0.73. Hence the test can be considered as reliable.

Validity. Content validity of the test was ensured by preparing items based on
the design and blue print, covering major concepts and learning outcomes in each unit,
a process that underwent scrutiny by Mathematics teaching and assessment experts.
Irrelevant items were eliminated, and ambiguous ones were revised based on the

expert's recommendations. Hence the test was face validity.

Preparation of Scoring Key and Marking Scheme. Scoring key for
objective type questions, and marking scheme for descriptive type were prepared. A
copy of Achievement test in Mathematics for Standard IX and scoring key and

marking scheme are given as Appendix IX and X.

Teaching Manual Based on Information Processing Model (IPM)

Information Processing Model was developed by Sukumar and Mohan (1995)
for enhancing learners' problem solving ability in Mathematics by putting together
ideas from seven different Information Processing Models viz., Inductive thinking
model, Inquiry training model, Concept attainment model. Advance organizer model,
Cognitive growth model, Memory model and Biological science and inquiry model.

They identified 12 steps for the model.

Saminathan (1997) re-structured the model by reducing the 12 steps into eight

and tested the model on Problem solving ability in Physics. Later Muthukumar and
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Mohan (2001) modified the steps into six major phases to make the steps of the model

more appropriate and systematic.

In the present study, the Teaching Manuals based on Information Processing
Model were prepared based on the steps suggested by Muthukumar and Mohan
(2001). One more step was added by the investigator for increasing the efficiency of

the model to develop the ability to process information.

The steps identified in these three studies are presented and summarized in

figure 4, table 16, and table 17.

Figure 4

Details of Steps Involved in Information Processing Model

Teacher initiates

Presents appropriate examples. charts

Helps to familiarize the presented materials
_ Presents related simpler problems
Probes students' response
Presents the problem
Helps to analyze the variables presented in the problem
Helps learner to explore the relationship among the variables
_ Enables students to formulate hypothesis
Facilitates testing of the hypothesis
\.__LLeads learner to the solution

\__ Enables students to verify the solution

_Teacher initiates _
Verifying the learner’s previous knowledge
Presents the problem
Helps 10 analyze the variables in the problem
Facilitates to explore the relationships among the variables
__Enables students to formulate hypothesis

‘Sukumar and Mohan (1695)

Saminathan (1997)

Information Processing Model

O‘,\ Helps 10 test the hypothesis
-.‘"\\ Enables students to verify the solution
\ \ Teacher initiates
\
|\ __Presents the problem
|\ Muthukumar and :

|\, Mohan (2001) i " Helps students to explore relationship among the variables

‘.I T——— Enables students to formulate hypothesis or possible solution
\ Facilitates o test the hypothesis or possible solution

Helps to verify the accepted condusion

Presents the problem

Helps students to explore relationship among the variables
Enables students to formulate hypothesis or possible solution
N~ Faciitates to tes! the hypothesis or possible salution

Helps lo verify the accepled conclusion

Analysis of thinking process

\_ Saritha and Vijayakumari (2019)
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Details of Steps Involved in Information Processing Model
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Sukumar and Saminathan Muthukumar and Vsi?;lg;zl?::ri
Mohan (1995) (1997) Mohan (2001) 12y
(2019)
1. Teacher initiates 1. Teacher Teacher Teacher initiates
initiates initiates
2. Presents Presents the
appropriate 2. Verifying Presents the problem
examples, charts the learner's problem
previous Helps students
3. Helps. to knowledge Helps students to ex.plore.
familiarize the to explore relationship
presented 3. Presents the relationship among the
materials problem among the variables
variables
4. Presents related 4. Helpsto Enables students
simpler problems analyse the Enables to formulate
, variables in students to hypothesis or
5. Probes students the problem formulate possible
response L hypothesis or solution
5. Facilitates possible
6. Presents the to explore luti Facilitates to
problem the solution test the
7. Helps to analyze relationships Facilitates to hypothesis or
the variables among the test the possible
presented in the variables hypothesis or solution
possible )
problem 6. Enables solution Helps to verify
8. Helps learner to students to the accepted
explore the flormulllate? I}Jlelps to Ve(riify conclusion
; ; t the accepte
relationship ypothesis | P Analysis of
among the conclusion L
X 7. Helps to test thinking process
variables the
9. Enables students hypothesis
to formul.ate . Enables
hypothesis students to
10. Facilitates verily the
testing of the solution
hypothesis
11. Leads learner to
the solution
12. Enables students

to verify the
solution
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Table 17

Summary of Various Phases of the Information Processing Model Used in this Study

Phases Explanation

1. Teacher initiates Introduction to the activities, setting
learning objectives and activating prior
knowledge, establishing a learning
environment.

2. Presents the problem Presents data through its attributes,
presents discrepant event, presents
advance organizer, presents puzzling
situation, poses the investigation area

3. Helps students to explore Compares attributes, gathers data for
relationship among the variables verification, arranges learning material
into logical order, elicits students

responses, structures the problem

4. Enables students to formulate Generates hypotheses, forms definition
hypothesis or possible solution based on the attributes, makes inferences,
isolates relevant variables, speculates on

ways for solving problems

S. Facilitates to test the hypothesis  Confirms hypothesis with the help of
or possible solution teacher, Identifies additional examples,
restates definition, explains or supports

prediction/hypotheses, formulates an

explanation
6. Helps to verify the accepted Verifies the solution, expands sensory
conclusion images, practices, strengthens cognitive
organization
7. Analysis of Thinking Process Analyses thinking strategies and inquiry
process

The investigator made the model more systematic by adding the components of

the model other than syntax.

The structure of the model is given below.
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Structure of the Model

Structure of the model with its syntax, social system, principle of reaction,

support system, instructional and nurturant effects are described below.

Syntax. Information Processing Model consists of seven phases arranged in
an integrated and sequential manner. These phases are sequenced in the order given

below:

Phase 1: Teacher initiates

Phase 2: Presents the problem

Phase 3: Helps students to explore relationship among the variables
Phase 4: Enables students to formulate hypothesis or possible solution
Phase 5: Facilitates to test the hypothesis or possible solution

Phase 6: Helps to verify the accepted conclusion

Phase 7: Analysis of Thinking Process

Social System. In the IPM framework, teachers assume multifaceted roles
essential for fostering holistic learning experiences. Beyond mere instructional
delivery, they serve as mentors, guiding students through the process of problem-
solving, critical thinking, and collaborative learning. The social system is democratic
in nature. While the structure exists to provide a framework for learning, it remains
flexible, allowing for adaptation to the diverse needs and preferences of learners. The

model is moderately structured.

Principle of Reaction. Teacher motivates the students to explore the problem,

concept or event through information processing and lead the learners to the goal.
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Through strategic information processing, educators not only ignite curiosity but also
instil a sense of purpose, guiding learners towards the attainment of their learning

outcomes.

Support System. The support system is adaptable, varying according to the
content being taught and the information processing required. This ensures that the
support provided is tailored to meet the specific needs of learners and the objectives
of the instructional activity. Teachers can utilize a range of tools and resources to
enhance the learning process and support student information processing. This may
include charts, models, physical objects, multimedia materials and other instructional
aids. By providing appropriate support and resources, teachers can help students
effectively engage with the content, develop essential skills, and achieve the desired

learning outcomes through information processing.

Instructional and Nurturant effect.

Instructional Effects. The model develops the ability to

° Generate hypothesis and test the hypothesis

° Form new concepts and conceptual systems and their application
° Use different strategies in unfamiliar situations

° Master facts and ideas

° Think critically and divergently
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Nurturant Effects. The model develops

) Independence or autonomy in learning

) Tolerance of ambiguity

° Self-reliance and self-understanding

° Problem solving ability, abstract thinking and deductive thinking

) Logical thinking

A sample Teaching Manual based on IPM is given in Appendix XI.

Teaching Manual Based on Art Integrated Information Processing Model

(AIIPM)

For developing Art Integrated Information Processing Model investigator
blended two strategies. i.e. Information processing model and art integration. In this
study the Art Integrated Information Processing Model is designed by combining
visual-, performance-, and literary art forms in different phases of Information

Processing Approach Model.

A brief account of the structure of AIIPM of Instruction is given below.

Structure of the Model

Structure of the model with its syntax, social system, principle of reaction,

support system, instructional and nurturant effects are described below.

Syntax. Syntax of AIIPM consists of the same seven phases as in IPM with

one or more art form integrated to any of these phases. The selection of art form is
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determined by the ability of the teacher, students, nature of the content and infra

structural facilities.

Social System. In AIIPM, teacher plays different roles, ranging from planner,
designer, facilitator, and challenger to manager. Social system is democratic in nature.
Teacher distributes the activity equally between teacher and students by encouraging
a great deal of social intellectual independence. In AIIPM, students are given freedom

to interact among themselves. The model has moderate structure.

Principle of Reaction. Teacher is responsively connecting art form with
content and helping to promote a critical approach to knowledge. Here the teacher is
the designer of art integrated learning material and a facilitator for students to design
appropriate art form, which is content related. Teacher motivates the students to

explore the problem, concept or event and lead the learners into the goal.

Support System. The AIIPM lessons require art forms that have been
designed so that concepts are embedded in the material. Support system consists of
carefully selected and organized materials with suitable art forms. Teacher is not
expected to be an expert in all fine and performing arts for integrating arts in the

teaching, but needs an open mind and readiness to use this approach.
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Instructional and Nurturant effect.

Instructional Effects. The model develops the ability to

° generate hypothesis and test the hypothesis

° use different strategies for creative inquiry

° form new concepts and conceptual systems and their application
° use different strategies in unfamiliar situations

° master facts and ideas

° think critically and divergently

Nurturant Effects. The model develops

° independence or autonomy in learning

° tolerance of ambiguity

° self-reliance and self-understanding

° problem solving ability, intellectual development, abstract and deductive
thinking

° logical thinking

° spirit of creative thinking

Teaching Manuals based on AIIPM were prepared for the chapters Money
Math and Construction of Quadrilaterals of standard VIII and Real numbers and
Prisms from standard IX of Mathematics text book following Kerala state syllabus.

The list of chapters with art forms used are appended in Appendix XII.

A sample Teaching Manual based on AIIPM is given in Appendix XIII.



104 Methodology

Teaching Manual based on Present Method of Teaching

Teaching manual for the same topics based on the Present method of teaching
were prepared for the third comparison group. The investigator prepared Teaching
manuals as per teacher text followed by Mathematics teachers working under the
General Education Department of Kerala State. Teaching Manual is given as

Appendix XIV.

Sample teaching manuals are validated by experts in the field (Certificates

from experts are given as Appendix XV).

Procedure of Data Collection

The experiment was conducted in HSS Arimpur, which is a co-educational,
rural aided school in Thrissur. Approval and cooperation from the school authorities
and Mathematics teachers were secured from the outset. Preliminary discussions
about the study were held with them. The experiment was carried out for a period of
four months (October to January) in the academic year 2019-2020 (Certificate is

appended as Appendix XVI).

Experimental Procedure: Level 1

The investigator began the first level of experimentation phase by selecting
three intact classes of standard VIII (Number of students in Group 1 is 38, Group 2 is
38 and Group 3 is 40). As the initial step, pre-tests were administered to three groups
to assess variables such as Problem-solving ability in Mathematics, Mathematics

belief, Attitude towards Mathematics, Mathematics anxiety and Achievement in
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Mathematics. Clear instructions were provided in advance to each group regarding

the response procedure of each instrument before its administration.

During the next phase, the three comparison groups received instruction based
on the instructional strategies AIIPM, IPM and Present method of teaching focusing
on the chapters 'Money Maths' and 'Construction of Quadrilaterals' in the Mathematics

textbook of standard VIII by SCERT, Kerala.

Upon completion of the topics in all three comparison groups, post-tests were
conducted to assess the variables related to Mathematical outcomes. After eliminating
incomplete responses, 111 sets of response sheets, with thirty-six in first two
comparison groups and thirty-nine in the comparison group 3 were considered.
Response sheets were scored according to the respective scoring procedures, data

were consolidated and subjected to statistical analysis using SPSS.

Experimental Procedure: Level 2

To test the applicability of the models, experimentation was repeated for ninth

standard students too.

The investigator initiated the second level of the experimentation phase by
selecting three intact classes of standard IX (Number of students in Group 1 is 36,
Group 2 is 36 and Group 3 is 38). As the initial step, pre-tests were administered to
each three comparison groups to assess variables such as Problem-solving ability in
Mathematics, Mathematics belief, Attitude towards Mathematics, Mathematics

anxiety and Achievement in Mathematics. Clear instructions were provided to the
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groups in advance regarding the response procedure of each instrument before its

administration.

During the subsequent phase, the first two groups received instruction based
on the instructional strategies AIIPM and IPM, focusing on the chapters 'Real
Numbers' and 'Prisms' in the Mathematics textbook of standard IX by SCERT, Kerala.
Simultaneously, the comparison group 3 received instruction based on conventional

instructional strategies covering the same content area.

Following the completion of the intervention with AIIPM, IPM and Present
method of teaching in the three groups, post-test was conducted to assess select
Mathematical outcomes in all three groups. After eliminating incomplete response
sheets, a total of 104 sets of sheets were finalized, with thirty-four each in first two
comparison groups and thirty-six in the comparison group 3. Response sheets were
scored according to the respective scoring procedures, data were consolidated and

subjected to statistical analysis using SPSS.

Statistical Techniques Used

The data, systematically tabulated and consolidated, underwent suitable
statistical analysis. This section provides an in-depth description of the statistical
methods utilized to evaluate the tenability of the hypotheses formulated for the current

study.
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Statistical techniques used for the present study are

. Preliminary Analysis

- One way ANOVA

. Kruskal-Wallis Test

. Paired t-test

. Multivariate Analysis

. Post-hoc Test (Tukey Method, Dwass-steel-Critchlow-Fliger pairwise

comparison test)

Preliminary Analysis

In preliminary analysis, important statistical constants such as measures of
central tendency, standard deviation, skewness, and kurtosis of the variables were
calculated for pre-test, post-test and gain scores of eighth standard and ninth standard

students.

One-Way ANOVA

One- Way ANOVA was used to compare the mean scores of pre- test scores of
the select Mathematical outcomes viz., Problem solving ability in Mathematics,
Mathematics belief, Attitude towards Mathematics, and Mathematics anxiety in the

three comparison groups of both eighth and ninth standard students.
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Kruskal-Wallis Test

Kruskal-Wallis test, the non- parametric test parallel to ANOVA, was executed
to know whether the groups differ in their initial level of Achievement in Mathematics

in the comparison groups of both eighth and ninth standard students.

Paired t-test

To know the effectiveness of the instructional models to improve select
Mathematical outcomes, viz., Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics, and Mathematics anxiety of

eighth and ninth standard students, paired t-test was used.

Wilcoxon Signed- Rank Test

Wilcoxon signed- rank test, the non-parametric test alternative to paired t-test
was used for the comparison of pre- and post-tests scores on Achievement in

Mathematics of the three groups for eighth and ninth standard students.

Multivariate Analysis

Multivariate analysis was used to examine the differences between groups

across multiple variables simultaneously, thereby reducing the risk of Type I error.

MANOVA (Multivariate Analysis of Variance) was executed to find out
whether the three comparison groups differ significantly in their select Mathematical
outcomes viz., Problem solving ability in Mathematics, Mathematics belief

(Exploratory), Attitude towards Mathematics and Mathematics anxiety for the post-
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test (eighth standard students) and gain scores (eighth and standard students) and mean

standard scores of the total sample.

MANCOVA (Multivariate Analysis of Covariance) was executed to find out
whether the three comparison groups differ significantly in their select Mathematical
outcomes viz., Problem solving ability in Mathematics, Mathematics belief
(Exploratory), Attitude towards Mathematics and Mathematics anxiety for the post-
test scores (ninth standard students) with pre-test scores on Achievement in
Mathematics as covariate, as the comparison groups are found to significantly differ

in pre- test achievement scores.

Kruskal-Wallis test, the non- parametric test parallel to ANOVA, was also
executed to compare the variable Achievement in Mathematics (post-test and gain
scores) of eighth and ninth standard students.; Achievement in Mathematics and

Attitude towards Mathematics (mean standard scores) among comparison groups.

Post-hoc Test

To determine which groups do differ in their entry level with regard to Problem
solving ability in Mathematics and Mathematics anxiety (for eighth standard students)
Problem solving ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics and Mathematics anxiety (for ninth Standard students) Post-hoc

comparison using Tukey method was done.

Post-hoc comparison (Dwass-Steel-Critchlow-Fligner pairwise comparison)
was used to know which groups differ in Achievement in Mathematics (pre-test, post-

test and gain scores).
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To determine which of the comparison groups showed statistically significant
difference in their standard scores with regard to Attitude towards Mathematics and
Achievement in Mathematics, Dwass-Steel-Critchlow-Fligner pairwise comparison

as post-hoc was done.
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ANALYSIS AND INTERPRETATION

< Analysis of Data Based on
Experimentation Conducted on Eighth
Standard Students

% Analysis of Data Based on
Experimentation Conducted on Ninth
Standard Students

< Analysis of Standard Scores of Both
Eighth and Ninth Standard Students



ANALYSIS AND INTERPRETATION

Present study is an attempt to find out whether Art Integrated Information
Processing Model, Information Processing Model or Present method of teaching
Mathematics is the most effective in bringing out Mathematical outcomes, viz.,
Problem Solving Ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics, Achievement in Mathematics and reduced Mathematics
Anxiety among secondary school students. The experimental design used for the study
is quasi-experimental pre-test-post-test comparison group design with three unequal

groups. The study was conducted at two levels, for eighth and ninth standard students.

For each standard (VIII & IX), among the three intact groups, two groups were
selected randomly and were taught through Art Integrated Information Processing
Model (AIIPM Group) and Information Processing Model (IPM Group) and the third
group was taught through the Present method of teaching followed in the school
(Group 3), providing the usual classroom experiences. The collected data for both
eighth and ninth standard students were analysed separately based on the objectives

set for the study.

Effectiveness of the three teaching strategies were tested using multiple
statistical techniques. For this mean comparison of pre-test and post-test scores of
each group was done using paired t-test, mean comparison of post-test scores of the

three groups and mean comparison of the three groups on gain scores of the variables
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for both eighth and ninth standard students were done separately using MANOVA and
MANCOVA. To make the generalization of the results to secondary school students
more accurate, mean comparison of standard scores of the variables was done for

students of both eighth and ninth standard using MANOVA.

Details of analysis of the data are presented under three major headings viz.,

° Analysis of data based on experimentation conducted on eighth standard
students

° Analysis of data based on experimentation conducted on ninth standard
students

° Analysis of standard scores of both eighth and ninth standard students.

Analysis of Data Based on Experimentation Conducted on Eighth Standard

Students

Pre-test and post-test scores on select Mathematical outcomes of the three
comparison groups of eighth standard were analysed. Gain scores were also calculated
by subtracting the pre-test scores from the post-test scores on the respective variables.

Analysis of the data are described under the sections

° Descriptive statistics of pre-test, post-test and gain scores on select

Mathematical outcomes of eighth standard students

° Comparison of mean pre-test scores on select Mathematical outcomes among

the three groups of eighth standard students
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° Pairwise comparison of average pre-test and post-test scores on select

Mathematical outcomes for the three groups of eighth standard students

° Multiple comparison of average post-test scores on select Mathematical

outcomes among the three groups of eighth standard students

° Multiple comparison of average gain scores on select Mathematical outcomes

among the three groups of eighth standard students

Descriptive Statistics of Pre-test, Post-test and Gain Scores on Select

Mathematical Outcomes of Eighth Standard Students

Descriptive statistics of the variables Problem solving ability in Mathematics,
Mathematics belief (Exploratory), Attitude towards Mathematics, Mathematics
anxiety and Achievement in Mathematics were calculated for pre-test scores, post-test

scores and gain scores.

Descriptive Statistics of Pre-test Scores on Select Mathematical Outcomes of Eighth

Standard Students

The mean, median, mode, standard deviation, skewness and kurtosis of the
pre-test scores on the variables Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics, Mathematics anxiety and

Achievement in Mathematics of eighth standard students are presented in table 18.
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Table 18

Statistical Constants of the Pre-test Scores on Select Mathematical Outcomes

(Standard VIII)
Variable Mean Median Mode S D Skewness Kurtosis

Problem S.olvmg Ability in 711 7 3 782 018 046
Mathematics
Mathematics Belief 719 7 7279 016 20.51
(Exploratory)
Attitude Towards 917 90 80 101 0005  -0.79
Mathematics
Mathematics Anxiety 91.2 93 99 156 -0.38 -0.44
Achievement in
Mathematics 0.126 0 0 0.36 2.86 8.01

Table 18 shows that the values of mean, median and mode of Problem-solving
ability in Mathematics are almost equal (Mean=7.11, Median=7, Mode=8). The
standard deviation of the variable shows that the scores are not much dispersed from
the central value. The distribution is slightly positively skewed with a value of 0.18,
which indicates that there is a tendency for the scores to accumulate at the lower end.
But a low value of skewness indicates the distribution is almost symmetric. The
negative value of kurtosis (-0.46) indicates a slight platykurtic distribution, but the
value is small, hence the distribution can be considered as mesokurtic. Thus, the
distribution of pre-test scores on Problem Solving Ability in Mathematics can be

considered as normal.

For Mathematics belief (Exploratory), the obtained values of mean, median

and mode are 7.19, 7, and 7 respectively. The standard deviation of the variable (2.79)
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shows that the scores are not much dispersed from the central value. The value of
skewness is positive but a low value (0.16) indicates the distribution of Mathematics
belief (Exploratory) scores (pre-test) is symmetric. A negative value of kurtosis (-0.51)
indicates a slightly platykurtic distribution, but the value is small, hence the
distribution can be considered as mesokurtic. Thus, the distribution of pre-test scores

on Mathematics belief (Exploratory) is normal.

The mean, median and mode of pre-test scores on Attitude towards
Mathematics are 91.7, 90 and 80 respectively with standard deviation 10.1. Mean and
median of the scores are almost equal, but the mode is lower than the other two values.
The value obtained for standard deviation shows the possibility of the scores to be
widely spread from the mean score. A negligible value of skewness (0.005) indicates
the symmetry of the distribution. The value of kurtosis (-0.79) is negative but a small
value indicates the distribution is mesokurtic. Hence the distribution of the pre-test
scores on Attitude towards Mathematics can be considered as not highly deviating

from normality.

The measures of central tendency of pre-test scores on Mathematics Anxiety
are Mean=91.2, Median=93 and Mode=99. The standard deviation of the variable
(15.6) shows that the scores are dispersed to some extent from the central value. The
distribution is slightly negatively skewed with a value of -0.38, the low value indicates
negligible skewness of the distribution. The negative value of kurtosis (-0.44)
indicates a slight platykurtic distribution, but the value is small, hence the distribution
can be considered as mesokurtic. Thus, the distribution of pre-test scores on

Mathematics anxiety can be considered as not highly deviating from normality.
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The measures of central tendency of pre-test scores on Achievement in
Mathematics (Mean=0.126, Median=0, Mode=0) are almost equal. Standard deviation
of the variable (0.36), shows that the scores tend to be closer to the mean. The value
of skewness (2.86) and kurtosis (8.01) are high. The distribution is positively skewed
and leptokurtic. From the above discussion it is clear that the distribution of pre-test

scores on achievement in Mathematics deviates from normality.

Findings of the descriptive analysis done for pre-test scores on select
Mathematical Outcomes of eighth standard students are supported by the smoothed

frequency curves drawn for the data which is presented as figure 5.

Figure 5

Smoothed Frequency Curves of the Distribution of Pre-test Scores on Select

Mathematical Outcomes of Eighth Standard Students
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Distribution of all the select Mathematical outcomes except Achievement in
Mathematics (Pre-test) are normal, but Achievement in Mathematics (Pre-test) is not

normally distributed, it is positively skewed and leptokurtic.

Descriptive Statistics of Post-test Scores on Select Mathematical Outcomes of

Eighth Standard Students

The mean, median, mode, standard deviation, skewness, and kurtosis of the

post-test scores on the variables were calculated and are presented in table 19.
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Table 19

Statistical Constants of the Post-test Scores on Select Mathematical Outcomes

(Standard VIII)

Variable Mean Median Mode SD Skewness Kurtosis

Problem S‘olvmg Ability in 977 10 3 302 027 077
Mathematics

Mathematics Belief 938 9 9 305 013  -032
(Exploratory)

Altitude Towards 106 104 100 122 0.0 -0.43
Mathematics

Mathematics Anxiety 78.8 81 90 14 -0.36 -0.40
Achievement in

Mathematics 11.6 11 10 4.61 0.25 -0.53

Table 19, shows that the measures of central tendency of post-test scores on
Problem-solving ability in Mathematics are almost equal (Mean=9.72, Median=10,
Mode=8). The standard deviation of the variable (3.02) shows that the scores are not
much deviated from the central value. The distribution is slightly positively skewed
with a value of 0.27, low value of skewness indicates the distribution is almost
symmetric. The negative value of kurtosis (-0.77) indicates a slightly platykurtic
distribution, but the value is small, hence the distribution can be considered as
mesokurtic. Thus, the distribution of post-test scores on Problem Solving Ability in

Mathematics can be considered as normal.

For Mathematics belief (Exploratory), the obtained value of mean, median and
mode are 9.38, 9 and 9 respectively which are almost equal. Standard deviation of the

variable (3.05) shows that the scores are not much dispersed from the central value.
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The value of skewness is negative (-0.13), but a low value of skewness indicates the
distribution of Mathematics belief (Exploratory) is approximately normal. A negative
value of kurtosis (-0.32) indicates a slightly platykurtic distribution, but the value is
small, hence the distribution can be considered as mesokurtic. Hence the distribution

of post-test scores on Mathematics belief (Exploratory) is approximately normal.

The mean, median and mode of post-test scores on Attitude towards
Mathematics are 106, 104 and 100 respectively with standard deviation 12.2. The
value obtained for standard deviation shows the possibility of the scores to be widely
spread from the mean score. A negligible positive value of skewness (0.20) indicates
the symmetry of the distribution. The value of kurtosis (-0.43) is negative but a small
value indicates the distribution is almost mesokurtic. Hence the distribution of post-
test scores on the variable Attitude towards Mathematics can be considered as not

deviating from normality.

The measures of central tendency of post-test scores on Mathematics Anxiety
are Mean=78.8, Median=81 and Mode=90. The standard deviation of the variable (14)
shows that the scores are widely spread from the mean. The value of skewness is
-0.36, a low value indicating symmetry of the distribution. Though the value of
kurtosis is negative indicating a platykurtic distribution, a small value (-0.40) shows
that the distribution can be considered as mesokurtic. Thus, the distribution of post-

test scores on Mathematics anxiety can be considered as normal.

The measures of central tendency of post-test scores on Achievement in

Mathematics (Mean=11.6, Median=11, Mode=10) are almost equal. Standard
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deviation of the variable (4.61), shows that the scores are not much dispersed from
the central value. The value of skewness (0.25) and kurtosis (-0.53) are very small.
These values show that the distribution is almost symmetric and mesokurtic. From the
above discussion, the distribution of post-test scores on the variable Achievement in

Mathematics can be considered as normal.

Smoothed frequency curves drawn to support the findings of descriptive
analysis for post-test scores on select Mathematical Outcomes of eighth standard

students are presented as figure 6.

Figure 6

Smoothed Frequency Curves of the Distribution of Post-test Scores on Select

Mathematical Outcomes of Eighth Standard Students
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The smoothed frequency curves show that the post-test scores on the variables

follow normal distribution.

Descriptive Statistics of Gain Scores on Select Mathematical Outcomes of Eighth

Standard Students

The mean, median, mode, standard deviation, skewness and kurtosis of the
gain scores on select Mathematical Outcomes were calculated and are presented in

table 20.
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Table 20

Statistical Constants of the Gain Scores on Select Mathematical Outcomes (Standard

VIII)
Variable Mean Median Mode S D Skewness Kurtosis
Problem S.olvmg Ability in 261 3 3 236 0.29 0.59
Mathematics
Mathematics Belief 213 ) 0 217 051 0.52
(Exploratory)
Attitude Towards 144 13 10 837 046 0.7
Mathematics
Mathematics Anxiety -12.4 -12 -16  8.94 -0.12 -0.43
Achievement in 114 1 10 452 019 047

Mathematics

From table 20, one can observe that the measures of central tendency of the
gain scores on Problem-solving ability in Mathematics are almost equal (Mean=2.61,
Median=3, Mode=3). Standard deviation of the variable (2.36) shows that the scores
are not much dispersed from the central value. The distribution is slightly positively
skewed with a value of 0.29, low value of skewness indicates the distribution is almost
symmetric. The positive value of kurtosis (0.59) indicates a slightly leptokurtic
distribution, but the value is small, hence the distribution can be considered as
mesokurtic. Thus, the distribution of gain scores on Problem Solving Ability in

Mathematics can be considered as normal.

For Mathematics belief (Exploratory), the obtained values of mean, median
and mode are 2.13, 2 and O respectively. Standard deviation of the variable (2.17)
shows that the scores are not much dispersed from the central value. The value of

skewness is positive (0.51), but a low value of skewness indicates the distribution of
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Mathematics belief (Exploratory) gain scores is approximately symmetric. A positive
value of kurtosis (0.52) indicates a slightly leptokurtic distribution, but the value is
less than one, so the distribution can be considered as mesokurtic. Thus, the
distribution of gain Scores on Mathematics belief (Exploratory) is approximately
normal.

The mean, median and mode of gain scores on Attitude towards Mathematics
are 14.4, 13 and 10 respectively with standard deviation 8.37. The value obtained for
standard deviation shows the possibility of the scores to be slightly spread from the
mean score. A negligible positive value of skewness (0.46) indicates the symmetry of
the distribution. The value of kurtosis (-0.7) is negative but a small value shows the
possibility of the distribution to be mesokurtic. Hence the distribution of the gain
scores on Attitude towards Mathematics can be considered as not deviating from

normality.

The measures of central tendency of gain scores on Mathematics Anxiety are
Mean= -12.4, Median= -12, and Mode= -16. The standard deviation of the variable
(8.94) shows that the scores are slightly dispersed from the central value. Very small
value of skewness (-0.12) indicates symmetry of the distribution. The negative value
of kurtosis (-0.43) indicates a slightly platykurtic distribution, but the value is very
small, hence the distribution can be considered as mesokurtic. Thus, the distribution

of gain scores on Mathematics anxiety can be considered as normal.

The measures of central tendency of the gain scores on Achievement in
Mathematics (Mean=11.4, Median=11, Mode=10) are almost equal. The standard
deviation of the variable (4.52), shows that the scores are not much dispersed from

the central value. The value of skewness (0.19) and kurtosis (-0.47) are very small.
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The values show that the distribution is almost symmetric and mesokurtic. From the
above discussion, the distribution of gain scores on Achievement in Mathematics can

be considered as normal.

Findings of the descriptive analysis for gain scores on select Mathematical
Outcomes of eighth standard students are supported by the smoothed frequency curves

drawn for the data which are presented as figure 7.

Figure 7

Smoothed Frequency Curves of the Distribution of Gain Scores on Select

Mathematical Outcomes (Standard VIII)
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Normality of the distribution of the gain scores on select Mathematical

outcomes are clear from these smoothed frequency curves.

Discussion of Results

The above discussion shows that the pre-test, post-tests scores and gain scores
on select Mathematical Outcomes viz., Problem Solving Ability in Mathematics,
Mathematics Belief (Exploratory), Attitude towards Mathematics and Mathematics
Anxiety are normally distributed but the distribution of Pre-test scores on
Achievement in Mathematics cannot be considered as normal. The post-test and gain
scores on Achievement in Mathematics are normally distributed. This finding is
logically correct as per the operational definition of Achievement in Mathematics. In
the present study, Achievement in Mathematics stands for the scores obtained by the
respondents in an Achievement test, the learning outcomes measured being purely

based on the content taught as part of the experiment.
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Comparison of Mean Pre-test Scores on Select Mathematical Outcomes among

the Three Groups of Eighth Standard Students

Arithmetic mean of the pre-test scores on select Mathematical Outcomes of
the three groups (Eighth standard) were compared using one-way ANOVA and

Kruskal-Wallis Test.

Comparison of Mean Pre-test scores on Select Mathematical Qutcomes (Except
Achievement in Mathematics) among the Three Groups of Eighth Standard

Students

To know whether the three comparison groups viz., Art Integrated
Information Processing Model group (AIIPM group), Information Processing Model
group (IPM group) and the group taught with the Present method of teaching (Group
3) are equal in their entry level behaviour with respect to select Mathematical
Outcomes, one-way ANOVA was executed except for pre-test scores on Achievement

in Mathematics, the distribution of which is found to be deviating from normality.

Details of the analysis done are given in table 21.
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Table 21

Details of ANOVA on Pre-test Scores on select Mathematical Outcomes (Except

Achievement in Mathematics) of Comparison Groups (Standard VIII)

Variable Group N Mean SD dfl df2 F .Le.V?l of
Significance

Problem ATIPM 36 603 2.83
Solving PM 36 781 273 2 715 409 05
Ability in
Mathematics Group 3 39 746 2.65
Mathematics AITPM 36 803 292
Belief IPM 36 647 235 2 714 3.07 NS
(Exploratory)  Group3 39 7.08 2.90
Attitude ATIPM 36 93.14 9.01
Towards IPM 369239 112 2 713 1.20 NS
Mathematics  ,0,h3 39 89.82 9.8

ATIPM 36 87.42 14.41
Mathematics 1o\, 36 9736 1678 2 711 400 .05
Anxiety

Group 3 39 89.03 14.18

From table 21, one can see that the F value obtained for pre-test scores on
Problem solving ability in Mathematics is 4.09 with (2, 71.5) degrees of freedom. This
value indicates that the mean difference in Problem solving ability in Mathematics

(Pre-test) is significant at .05 level.

The F value obtained for pre-test scores on Mathematics belief (Exploratory)
is 3.07 with (2,71.4) degrees of freedom. This value indicates that the mean difference

in entry level of Mathematics belief (Exploratory) is not significant at .05 level.
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The F value obtained for pre-test scores on Attitude towards Mathematics is
1.20 with (2,71.3) degrees of freedom. This value indicates that the three groups do

not differ significantly in their entry level of Attitude towards Mathematics (p > .05).

The F value obtained for pre-test scores on Mathematics anxiety is 4 with
(2,71.1) degrees of freedom. This value indicates that the mean difference in entry

level Mathematics anxiety of the three groups is significant at .05 level.

To determine which groups do differ in their entry level with regard to Problem
solving ability in Mathematics and Mathematics anxiety, Post-hoc comparison (Tukey
method) was done. All pairwise comparisons among the three groups were examined

and the results of the same are given in table 22.

Table 22

Mean Difference and Level of Significance as per Tukey Post-hoc Test (Standard VIII)

Variable Group AIIPM IPM Group 3
Problem AIIPM -1.78 -1.434
Solving (.05) (NS)
Ability in 0.344

; IPM
Mathematics (NS)
-9.94 -1.61

AIIPM

Mathematics (.05) (NS)
Anxiety 8.34

IPM
(.05)

Results of Post-hoc analysis using Tukey method (Table 22) shows that the
AIIPM and IPM groups differ in their mean pre-test score in Problem solving ability
in Mathematics (p <.05), but the two groups do not differ significantly from the group

3 in their mean pre-test score in Problem solving ability in Mathematics. A close
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observation of the mean values revealed that the group selected for Art Integrated
Information Processing Model is slightly lower in their entry-level on problem-

solving ability.

Also, the group 2 (IPM) differ in their mean pre-test score in Mathematics
anxiety (p <.05) from the other two groups and is slightly higher in their Mathematics

anxiety compared to other groups.

Comparison of Mean Pre-test Scores on Achievement in Mathematics among the

Three Groups of Eighth Standard Students

The descriptive statistics of pre-test scores on Achievement in Mathematics
and the smoothed frequency curve reveal that the assumption of normality of pre-test
scores on Achievement in Mathematics is violated. Hence Kruskal-Wallis test, the
non- parametric test parallel to ANOVA, was executed to know whether the groups
differ in their initial level of Achievement in Mathematics. The details are given in

table 23.

Table 23

Details of Kruskal-Wallis Test for Pre-test Scores on Achievement in Mathematics

(Standard VIII)

Variable > df Significance level

Achievement in

Mathematics 2.63 2 NS

The ¥ value (2df) obtained is 2.63, which is less than the tabled value of 3, I

(5.991). Hence the null hypothesis, the three groups are selected from the same

population with respect to Achievement in Mathematics (Pre-test) was accepted. That
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is, the three groups do not differ in the pre-test scores on Achievement in Mathematics.
The initial level of Achievement in Mathematics can be considered as equal in the

three groups.

Discussion of Results

The above analyses of mean scores revealed that the three groups are almost
the same in the mean scores on Pre-tests of Mathematics belief (Exploratory), Attitude
towards Mathematics, and Achievement in Mathematics, but AIIPM group has a
lower mean score in Problem solving ability in Mathematics, and the IPM group has
a higher mean score in Mathematics anxiety. But the difference is not very high and
therefore it will not be affecting the experiment. Also, the initial status of comparison
groups 1 and 2 are lower in Problem solving ability in Mathematics and high in
Mathematics anxiety compared to group 3. This ensures the internal validity of the

experiment conducted on eighth standard students.

Pairwise Comparison of Average Pre-test and Post-test Scores on Select

Mathematical Outcomes for the Three Groups of Eighth Standard Students

To know the effectiveness of the models to improve Mathematical outcomes,
viz., Problem solving ability in Mathematics, Mathematics belief (Exploratory),
Attitude towards Mathematics, and Mathematics anxiety of eighth standard students,

paired t-test was used. The details are given below under separate headings.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Problem Solving

Ability in Mathematics for the Three Groups of Eighth Standard Students

The mean of the pre-test and post-test scores for the variable Problem solving

ability in Mathematics of the three groups were compared. For this the mean of pre-
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test scores on the variable was compared with that of post-test scores for the three
groups using paired-test of mean comparison for large samples. The null hypotheses

tested are

‘There is no significant mean difference in pre-test and post-test scores on

Problem solving ability in Mathematics of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Problem solving ability in Mathematics of IPM group.’

‘There is no significant mean difference in pre-test and post-test scores on
Problem solving ability in Mathematics of group taught with Present method of

teaching.’

The details of the tests are given in table 24.

Table 24

Details of Paired t-test for Problem Solving Ability in Mathematics for the Three

Groups (Standard VIII)
Variable Group Test Mean SD N t EsfifZe:t
Pre 6.03 2.83 36
AIIPM 10.69  1.782
Post 9.89 294 36
Problem ~ Pe 781 273 36
solving ability  IPM 7.92 1.32

Post 10.69 277 36

Pre 7.46 265 39
Group 3 3.83 0.614
Post 8.67 3.05 39

in Mathematics

Table 24, shows that the t-value obtained for Problem solving ability in

Mathematics when the pre-test and post-test mean scores are compared for the first
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comparison group (AIIPM) is 10.69. A score greater than 2.58 indicates that the pre-
and post-test mean scores in Problem solving ability in Mathematics of students taught
with Art Integrated Information Processing Model differ significantly (p<.01). Hence
the null hypothesis ‘There is no significant mean difference in pre-test and post-test

scores on Problem solving ability in Mathematics of AIIPM group’ is rejected.

A higher mean score for post-test indicates that teaching with Art Integrated
Information Processing Model increases Problem solving ability in Mathematics of
eighth standard students. The effect size obtained is 1.782, meaning that the mean
difference of the two mean scores is 1.782 times the standard deviation. A value
greater than 1.3 indicates that the effect size is very large. That is, teaching with Art
Integrated Information Processing Model has a very large effect on Problem solving

ability in Mathematics among eighth standard students.

For the second group (IPM), t-value obtained for Problem solving ability in
Mathematics when the pre-test and post-test mean scores are compared is 7.92, which
is greater than 2.58. This implies that the two mean scores differ significantly. That is,
the pre- and post-test mean scores in Problem solving ability in Mathematics of
students taught with Information Processing Model differ significantly (p< .01).
Hence the null hypothesis ‘There is no significant mean difference in pre-test and

post-test scores on Problem solving ability in Mathematics of IPM group’ is rejected.

A higher mean score for post-test indicates that the Information Processing
Model improves Problem solving ability in Mathematics of eighth standard students.
The effect size obtained is 1.32, meaning that the mean difference of the two mean

scores is 1.32 times the standard deviation. An effect size of 1.32 indicates a very large
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effect. That is, Information Processing Model has a very large effect on Problem

solving ability in Mathematics.

For group 3, t-value obtained for Problem solving ability in Mathematics when
the pre-test and post-test mean scores are compared is 3.83, which is greater than 2.58.
This reveals that the difference in pre- and post-test mean scores in Problem solving
ability in Mathematics of students taught with Present method of teaching is not due
to chance (p<.01). Hence the null hypothesis ‘There is no significant mean difference
in pre-test and post-test scores on Problem solving ability in Mathematics of group

taught with Present method of teaching’ is rejected.

A higher mean score for post-test indicates that the Present method of teaching
increases Problem solving ability in Mathematics of eighth standard students. The
effect size obtained is 0.614, meaning that the difference of the two mean scores is
0.614 times the standard deviation. An effect size of 0.614 indicates a moderate effect.
That is, the Present method of teaching has a moderate effect on Problem solving

ability in Mathematics.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective to
develop Problem solving ability in Mathematics among eighth standard students. But
Art Integrated Information Processing Model and Information Processing Model
have a very large effect and the Present method of teaching has only a moderate effect
on Problem solving ability in Mathematics among eighth standard students. The

reason may be the systematic way of dealing with problems and the reflection of the
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process in Information Processing Model. Art integration may help the students to

understand the problem more clearly.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Mathematics

Belief (Exploratory) for the Three Groups of Eighth Standard Students

Arithmetic mean of the variable Mathematics belief (Exploratory) of three
groups of eighth standard students were compared for the pre-test and post-test scores.
For this the mean of pre-test scores on the variable was compared with that of post-
test scores for the three groups using paired-test of mean comparison for large

samples. The null hypotheses tested are

‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of IPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of group taught with Present method of teaching.’

The details of testing these hypotheses are given in table 25.
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Table 25

Details of Paired t-test for Mathematics Belief (Exploratory) for the Three
Comparison Groups (Standard VIII)

Variable Group Test Mean SD N EsfifZe: !
Pre 8.03 292 36
AIIPM 5.52 0.92
Post 9.86 2.61 36
Mathematics Pre 647 235 36
Belief IPM 6.13 1.02

Post 8.67 293 36

Pre  7.08 290 39
Group 3 6.05  0.969
Post 959 348 39

(Exploratory)

Table 25, shows that the t-value obtained for Mathematics belief (Exploratory)
when the pre-test and post-test mean scores are compared for the first comparison
group (AIIPM) is 5.52. A value greater than 2.58 indicates that the pre- and post-test
mean scores on Mathematics belief (Exploratory) of students taught with Art
Integrated Information Processing Model differ significantly (p <.01). Hence the null
hypothesis ‘“There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of AIIPM group’ is rejected.

A higher mean score for post-test indicates that Art Integrated Information
Processing Model is effective in bringing out Mathematics belief (Exploratory) among
eighth standard students. The effect size obtained is 0.92, meaning that the difference
of the two mean scores is 0.92 times the standard deviation. A value greater than 0.8
indicates a large effect size. That is, Art Integrated Information Processing Model has

a large effect on Mathematics belief (Exploratory).
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When the pre-test and post-test mean scores of the second comparison group
(IPM) in Mathematics belief (Exploratory) are compared, the t-value obtained is 6.13,
a value greater than 2.58 indicating that the pre- and post-test mean scores in
Mathematics belief (Exploratory) of students taught with Information Processing
Model differ significantly (p<.01). Hence the null hypothesis ‘There is no significant
mean difference in pre-test and post-test scores on Mathematics belief (Exploratory)

of IPM group’ is rejected.

A higher mean score for post-test indicates that Information Processing Model
improves Mathematics belief (Exploratory) among eighth standard students. The
effect size obtained is 1.02, meaning that the difference of the two mean scores is 1.02
times the standard deviation. An effect size of 1.02 indicates a large effect. That is,

Information Processing Model has a large effect on Mathematics belief (Exploratory).

For the Comparison Group 3, t-value obtained for Mathematics belief
(Exploratory) when the pre-test and post-test mean scores are compared is 6.05, which
is greater than 2.58. The value indicates that the pre- and post-test mean scores in
Mathematics belief (Exploratory) of students taught with Present method of teaching
differ significantly (p<.01). Hence the null hypothesis ‘There is no significant mean
difference in pre-test and post-test scores on Mathematics belief (Exploratory) of
group taught with Present method of teaching’ is rejected. A higher mean score for
post-test indicates that Present method of teaching is effective in developing
Mathematics belief (Exploratory) among eighth standard students. The effect size

obtained is 0.969, meaning that the difference of the two mean scores is 0.969 times
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the standard deviation. An effect size of 0.969 indicates a large effect. That is, the

Present method of teaching has a large effect Mathematics belief (Exploratory).

A cross examination of numbers of students having the systematic, exploratory
and utilitarian belief about Mathematics before and after experiment was done. The

details are given in table 26.

Table 26

Number of Students having the Systematic, Exploratory and Utilitarian Belief about
Mathematics Before and After Experiment (Standard VIII)

Belief System
Group Systematic Exploratory Utilitarian
Pre Post Pre Post Pre Post
AIIPM 8 6 16 22 12 8
IPM 12 7 7 18 17 11
Group 3 9 8 14 21 16 10

Number of students who have Exploratory belief has increased in all the three
groups. Information Processing Model is more effective compared to Art Integrated
Information Processing Model and Present method of teaching in bringing exploratory

belief in Mathematics among eighth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective in
developing Exploratory Mathematics belief among eighth standard students. But the
Information Processing Model has a greater effect compared to Art Integrated

Information Processing Model and Present method of teaching. Also, the Present
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method of teaching is more effective than AIIPM for developing Mathematics belief
(Exploratory) among eighth standard students. Information Processing Model is
effective in developing exploratory belief in Mathematics, but when Art is integrated
with the model, it becomes less effective, may be because integration of art in the

Information processing reduces the chance to know the real nature of Mathematics.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Attitude Towards

Mathematics for the Three Groups of Eighth Standard Students

A comparison of the pre- and post-test mean scores on Attitude towards
Mathematics was done for the three groups using paired-test of mean comparison for

large samples. The null hypotheses tested are

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of IPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of the group taught with Present method of teaching.’

Details of the paired t-test is given in table 27.
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Table 27

Details of Paired t-test for Attitude towards Mathematics of the Three Groups
(Standard VIII)

Variable Group Test Mean SD N t Esfifze:t
Pre 93.1 9.01 36
AIIPM 8.44 1.406
Post 108.2 10.30 36
Attitude Pre 9239 1120 36
Towards IPM 14.98 2.50

Post 109.03 11.94 36

Pre 89.52 998 39
Group 3 11.07  1.773
Post 101.51 13.06 39

Mathematics

Table 27, shows that the t-value obtained for Attitude towards Mathematics
when the pre-test and post-test mean scores are compared for the first group (AIIPM)
is 8.44, which is greater than 2.58, indicating a significant difference between the two
mean scores (p< .01). Hence the null hypothesis ‘There is no significant mean
difference in pre-test and post-test scores on Attitude towards Mathematics of AIIPM

group’ is rejected.

A higher mean score for post-test indicates that the Art Integrated Information
Processing Model improves Attitude towards Mathematics among eighth standard
students. At the initial level the mean score was 93.1 (< 96) but after learning through
Art Integrated Information Processing Model, it has increased to 108.2 (>96)
indicating that Art Integrated Information Processing Model is efficient in changing
negative Attitude towards Mathematics to positive attitude among eighth standard

students.
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The effect size calculated suggests that the difference of the two mean scores
is 1.406 times the standard deviation. The effect size is greater than 1.3 and so the
effect is very large. That is, Art Integrated Information Processing Model has a very

large effect on Attitude towards Mathematics among eighth standard students.

In the case of students taught with Information Processing Model, t-value
obtained is 14.98, indicating that the difference in pre- and post-test mean scores in
Attitude towards Mathematics of students taught with Information Processing Model
is significant (p< .01). This leads to rejection of the null hypothesis ‘There is no
significant mean difference in pre-test and post-test scores on Attitude towards

Mathematics of IPM group’.

Thus, Information Processing Model is effective in developing Attitude
towards Mathematics among eighth standard students as the post-test mean score is
higher than that of pre-test. At the initial level the mean score was 92.39 (<96) but
after learning through Information Processing Model, it has increased to 109.03 (>96)
indicating that the Information Processing Model is efficient in changing negative
Attitude towards Mathematics to positive attitude among eighth standard students.
The effect size (2.5), shows that the difference of the two mean scores is 2.5 times the
standard deviation. Also, the Information Processing Model has a very large effect on

Attitude towards Mathematics.

For the group taught with Present method of teaching, t-value obtained is
11.07, indicating that the pre- and post-test mean scores in Attitude towards
Mathematics of students taught with existing method differ significantly (p< .01).

Hence the null hypothesis ‘There is no significant mean difference in pre-test and
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post-test scores on Attitude towards Mathematics of the group taught with Present

method of teaching’ is rejected.

A higher mean score for post-test indicates that the existing method of teaching
improves Attitude towards Mathematics of eighth standard students. At the initial
level the mean score was 89.52 (<96) but after learning through the Present method
of teaching, it has increased to 101.51 (>96) indicating that Present method of teaching
is efficient in changing negative Attitude towards Mathematics to positive attitude

among eighth standard students.

As the effect size obtained is 1.773, the difference of the two mean scores is
1.773 times the standard deviation and the existing method of teaching has a very

large effect on Attitude towards Mathematics among eighth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective to
improve Attitude towards Mathematics among eighth standard students, Information
Processing Model being the most effective one. Also, the finding indicates that when
art is integrated with Information Processing Model, its effectiveness in developing
attitude towards Mathematics is reduced and Present method of teaching is found to
be better than Art Integrated Information Processing Model in developing attitude
towards the subject. This again may be due to integration of art to the model reduces

the chance to reveal the nature of Mathematics for eighth standard students.
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Pairwise Comparison of Mean of Pre-test and Post-test Scores on Mathematics

Anxiety for the Three Groups of Eighth Standard Students

Comparison of mean scores obtained for the pre- and post-test of Mathematics

anxiety of the three comparison groups were done using paired t-test of mean

comparison for large samples. The null hypotheses tested are

“There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of AIIPM group.’

‘There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of IPM group.’

‘There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of the group taught with Present method of teaching.’

The details of analysis of data to test these hypotheses are given in table 28.

Table 28

Details of Paired t-test for Mathematics Anxiety for the Three Groups (Standard VIII)

Variable Group Test Mean SD N t Effect size
Pre 874 144 36
AIIPM 9.75 1.626
Post 727 139 36
_ _ Pre 97.36 16.78 36
Mathematics Anxiety IPM 11.52 1.92
Post 81.33 13.29 36
Pre 89.03 14.18 39
Group 3 6.58 1.054
Post 82.23 13.21 39
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Table 28, shows that the t-value obtained for Mathematics anxiety when the
pre-test and post-test mean scores are compared for the first comparison group
(AIIPM) is 9.75. A score greater than 2.58 indicates that the pre- and post-test mean
scores in Mathematics anxiety of students taught with Art Integrated Information
Processing Model differ significantly (p< .01). Hence, the null hypothesis ‘There is
no significant mean difference in pre-test and post-test scores on Mathematics anxiety

of AIIPM group’ is rejected.

A low mean score for post-test indicates that Art Integrated Information
Processing Model decreases Mathematics anxiety of eighth standard students. The
effect size obtained is 1.626, so the mean difference of the two sets of scores is 1.626
times the standard deviation. A value greater than 1.3 indicates a very large effect.
That is, Art Integrated Information Processing Model has a very large effect in

reducing Mathematics anxiety.

The t-value obtained for IPM group is 11.52, which is greater than 2.58. The
value indicates that the pre- and post-test mean scores in Mathematics anxiety of
students taught with Information Processing Model differ significantly (p< .01).
Hence the null hypothesis ‘There is no significant mean difference in pre-test and

post-test scores on Mathematics anxiety of IPM group’ is rejected.

A low mean score for post-test indicates that teaching with Information
Processing Model decreases Mathematics anxiety of eighth standard students. The
effect size obtained is 1.92, meaning that the mean difference is 1.92 times the
standard deviation. An effect size of 1.92 indicates a very large effect. That is, teaching

with IPM has a very large effect on Mathematics anxiety.
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In Group 3, t-value obtained for Mathematics anxiety when the pre-test and
post-test mean scores are compared is 6.58, which is greater than 2.58, indicating a
significant mean difference in the pre-test and post-test scores in Mathematics anxiety
of students taught with present method (p< .01). Hence the null hypothesis ‘There is
no significant mean difference in the pre-test and post-test scores on Mathematics

anxiety of the group taught with Present method of teaching’ is rejected.

A low mean score for post-test indicates that the Present method of teaching
decreases Mathematics anxiety among eighth standard students. The effect size
obtained is 1.054, meaning that the mean difference is 1.054 times the standard
deviation. An effect size of 1.054 indicates a large effect. That is, Present method of

teaching has a large effect on Mathematics anxiety among eighth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective in
reducing Mathematics anxiety among eighth standard students. But Art Integrated
Information Processing Model and Information Processing Model have very large
effect and the Present method of teaching has large effect on Mathematics Anxiety
among eighth standard students. Information Processing Model is found to be better
than the other two treatments for reducing Mathematics anxiety among eighth

standard students. The reason may be the same as that of belief and attitude.

Pairwise Comparison of Average Scores of Pre-test and Post-test on

Achievement in Mathematics for the Three Groups of Eighth Standard Students
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The average scores on pre- and post-tests on Achievement in Mathematics of
each of the three groups were compared using Wilcoxon signed- rank test, the non-

parametric test alternative to paired t -test. The null hypothesis tested is

‘The median of differences between the pre-test and post-test scores on

Achievement in Mathematics is zero in the three Comparison groups.’

The details of the test are given in table 29.

Table 29

Details of Wilcoxon Signed - Rank Test for Achievement in Mathematics for the Three

Comparison Groups (Standard VIII)

Variable Group Test Median N z p E;fze;: '

Pre 0 36

AIIPM 5.24 .01 .873
Post 12 36
. : Pre 0 36

Achlevem.ent n IPM 5.24 01 873
Mathematics Post 7.50 36
Pre 0 39

Group 3 5.46 .01 874

Post 6.50 39

Table 29, shows that the z-value obtained for Achievement in Mathematics
when the pre-test and post-test scores are compared for the first comparison group
(AIIPM) is 5.24. The result shows that the median of difference between pre-test and
post-test scores in Achievement in Mathematics of students taught with Art Integrated

Information Processing Model is non-zero (p<.01).

For the second group (IPM), z-value obtained is 5.24 which shows that the

median of difference between pre-test and post-test scores in Achievement in
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Mathematics of students taught with Information Processing Model is non-zero (p<

01).

In group 3, z-value obtained is 5.46 which shows that the median of difference
between pre-test and post-test scores in Achievement in Mathematics of students
taught with the Present method of teaching is non- zero (p< .01). Hence the null
hypothesis ‘The median of differences between the pre-test and post-test scores on

Achievement in Mathematics is zero in the three Comparison groups’ is rejected.

The effect size obtained for the AIIPM, IPM and group 3 are .873, .873 and
.874 respectively. All the values are greater than .8, suggesting that the three
treatments, AIIPM, IPM, and Present method of teaching have a large effect on

Achievement in Mathematics.

Discussion of Results. The three treatments, Art Integrated Information Processing
Model, Information Processing Model and Present method of teaching are equally
effective in improving Achievement in Mathematics among eighth standard students.
The three teaching strategies have a large effect on Achievement in Mathematics,
likely because all effectively address cognitive and procedural skills essential for

improving Achievement in Mathematics, leading to similar learning outcomes.

Multiple Comparison of Average of Post-test Scores on Select Mathematical

Outcomes among the Three Comparison Groups of Eighth Standard Students

As there are multiple variables MANOVA (Multivariate Analysis of Variance)

was executed to find out whether the treatments have any effect on the post-test scores
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on select Mathematical outcomes. MANOVA being a parametric test, certain

assumptions are to be met, which are discussed below.
Independence

To satisfy this assumption, each observation must be sampled from the
population without any influence from other observations. The independence of
observations was ensured by selecting the three comparison groups randomly. Care

was taken while administering the instruments to ensure independence in responding.

Random Sampling

Probability sampling method was used in the study by selecting the three
comparison groups randomly. No special criteria were employed while selecting
individuals in each group. Also, the school selected is not adopting homogeneous

grouping in allotting students to various divisions.

Multivariate Normality

Multivariate normality was established using the Shapiro-Wilk Multivariate
Normality test. The obtained Shapiro-Wilk statistics is .174 (p >.05), with a W statistic
of 0.983, which shows that the multivariate distribution does not significantly deviate

from normality.

Homogeneity of Covariance Matrices

To ensure the homogeneity of covariance matrices, Box’s test of equality of
covariance matrices was used. The obtained Box’s M statistic, ¥ value (20 df) is 23.29

(p>.05). Hence Problem solving ability in Mathematics, Mathematics belief
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(Exploratory), Attitude towards Mathematics, and Mathematics anxiety satisfy

homogeneity of covariance matrices.

Inclusion of Achievement in Mathematics leads to violation of the assumption
of homogeneity of covariance matrices and hence Achievement in Mathematics was

excluded from the list in the analysis by MANOVA.

After ensuring assumptions, MANOVA was executed to find out whether the
three comparison groups differ significantly in their post-test scores on Mathematical
outcomes viz., Problem solving ability in Mathematics, Mathematics belief
(Exploratory), Attitude towards Mathematics and Mathematics anxiety. Post-test
scores on these variables were considered to test the hypothesis ‘There is no
significant difference in the post-test scores among the three groups on the
Mathematical Outcomes, viz., Problem solving ability in Mathematics, Mathematics

belief (Exploratory), Attitude towards Mathematics and Mathematics anxiety.

Details of the Multivariate analysis for the model using post-test scores are

given in table 30.

Table 30

Multivariate Test Result for the Model on Post-test Scores on Problem Solving Ability
in Mathematics, Mathematics Belief (Exploratory), Attitude towards Mathematics and
Mathematics Anxiety (Standard VIII)

. Partial Eta
Value F Sig. Squared
Pillai's trace .286 4.42 .01 .143

Wilks' lambda 134 4.40 .01 143
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From table 30, it can be observed that the multivariate test performed implies

the model has significant effect on select Mathematical outcomes from both Pillai’s

trace (.286), F (s, 212) = 4.42, and Wilk’s lambda (.734), F ,210) = 4.4, p < .01. The

effect size represented by the partial eta squared (.143) indicates a high effect.

As the model is found to have significant effect on select Mathematical

outcomes, univariate analysis was done. Details are presented in table 31.

Table 31

Univariate Test Values for Problem Solving Ability in Mathematics, Mathematics

Belief (Exploratory), Attitude towards Mathematics and Mathematics Anxiety (Post-

test) (Standard VIII)

Dependent Sum of g Mean . Si Partial
Variable Squares Square £ E Squared

Problem Solving
ability in 78.48 2 39.24 4.59 .05 .08
Mathematics
Mathematics
Belief 28.37 2 14.18 1.54 NS .03
(Exploratory)
Altitude Towards ———,07 15 5 u356 458 .05 08
Mathematics
Mathematics 204416 2 1011.08 564 .01 095
Anxiety

The difference in the mean score on Problem solving ability in Mathematics

(post-test) among the groups is significant at .05 level (F2,108) = 4.59, p < .05). The

partial eta squared is .08 that shows that there is a moderate effect for the treatments

on Problem solving ability in Mathematics.
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In the case of Mathematics belief (Exploratory) (post-test), the difference in
mean scores on Post-test on Mathematics Belief (Exploratory) among the three

comparison groups is not significant (F 2,108y = 1.54, p > .05).

There is significant mean difference in Attitude towards Mathematics (Post-
test) among the groups under study (F (2,108) = 4.58, p < .05). The partial eta squared
is .08 that indicates moderate effect for the treatments on Attitude towards

Mathematics.

In the case of post-test scores on Mathematics anxiety, the groups differ
significantly (F (2,108) = 5.64, p <.01). The value of partial eta squared shows (.095) a

moderate effect for the treatments on Mathematics anxiety.

These results partially substantiate the null hypothesis ‘There is no significant
mean difference in the post-test scores among the three groups on select Mathematical
Outcomes, viz., Problem solving ability in Mathematics, Mathematics belief
(Exploratory), Attitude towards Mathematics and Mathematics anxiety.” No
significant difference is found in the case of Mathematics belief (Exploratory), but
significant difference is reported in Problem solving ability in Mathematics, Attitude

towards Mathematics and Mathematics anxiety.

As significant difference among the groups is reported for Problem solving
ability in Mathematics, Attitude towards Mathematics and Mathematics anxiety, Post
hoc analysis (Scheffe test) was done. The details of the follow up analysis is given in

table 32.
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Table 32

Mean Difference and Level of Significance as per Scheffe Post-hoc Test for Problem
solving Ability in Mathematics, Attitude towards Mathematics and Mathematics
Anxiety (Standard VIII)

Variable Group AIIPM  [pM  Lresentmethod of

teaching
-.806 1.22
AIIPM
Problem Solving Ability (NS) (NS)
in Mathematics 2.03
IPM
(.05)
-.833 6.682
AIIPM
Attitude towards (NS) (NS)
Mathematics 7.515
IPM
(.05)
-8.667 -9.564
AIIPM
. . (.05) (.05)
Mathematics Anxiety
-.897
IPM
(NS)

In the case of Problem solving ability in Mathematics (post-test), AIIPM group
does not differ significantly from the IPM group and Group 3, but significant
difference exists between IPM group and group 3. Information Processing Model is
more effective than the Present method of teaching for improving Problem solving
ability in Mathematics (Mean score of IPM group=10.69, comparison group 3=8.67).
Art Integrated Information Processing Model is equally effective as the Present
method of teaching in developing Problem solving ability in Mathematics among

eighth standard students.

In the case of Attitude towards Mathematics (post-test) there is no significant

difference between the two comparison groups, AIIPM and IPM as well as AIIPM and
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comparison group 3, but significant difference exists between IPM group and
comparison group 3. For improving Attitude towards Mathematics among eighth
standard students, Information Processing Model is more effective than the Present
method of teaching (Mean score of IPM group=109.03, comparison group 3=101.51).
Art Integrated Information Processing Model is equally effective with Information
Processing Model, but is not much effective than the Present method of teaching in

developing Attitude towards Mathematics among eighth standard students.

In the case of Mathematics anxiety (post-test), the groups AIIPM and IPM as
well as AIIPM and comparison group 3 differ significantly. But IPM and comparison
group 3 do not differ significantly. For reducing Mathematics anxiety among eighth
standard students, Art Integrated Information Processing Model is more effective than
the Information Processing Model and Present method of teaching (Mean score of

AIIPM group=72.67, IPM group=81.33, Comparison group 3=82.23).

In the case of Achievement in Mathematics, Kruskal-Wallis test was executed
to know whether the groups differ in the post-test scores on Achievement in
Mathematics. The null hypothesis tested here is ‘the three groups are selected from
the same population with respect to Achievement in Mathematics (Post-test). The

details are given in table 33.

Table 33

Details of Kruskal-Wallis Test for Post-test Scores on Achievement in Mathematics

(Standard VIII)

Variable o df

Achievement in Mathematics 4.34 2
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The ¥? value (2df) is 4.34, which is less than the tabled value of x%d 5 (5.991).

Hence the null hypothesis, ‘the three groups are selected from the same population
with respect to Achievement in Mathematics (Post- test)’ is accepted. That is the three
groups are equal in the post-test scores on Achievement in Mathematics. This shows
that the three methods are equally effective in improving Achievement in Mathematics

among eighth standard students.
Discussion of Results

Information Processing Model is more effective for improving Problem
solving ability in Mathematics. Art Integration does not improve the efficiency of
Information Processing Model in developing a positive Attitude towards Mathematics
among eighth standard students. For reducing Mathematics anxiety among eighth
standard students, Art Integrated Information Processing Model is more effective. The
three teaching strategies are equally effective for developing exploratory belief and

improving achievement in Mathematics among eighth standard students.

Multiple Comparison of Average Gain Scores on Select Mathematical Outcomes

among the Three groups of Eighth Standard Students

MANOVA (Multivariate Analysis of Variance) was executed to find out
whether the treatments have any effect on the gain scores on Mathematical Outcomes.
Before performing MANOVA, the assumptions were tested for the gain scores of the
variables, viz., Problem solving ability in Mathematics, Mathematics belief
(Exploratory), Attitude towards Mathematics, and Mathematics anxiety. Multivariate

normality was tested using Shapiro-Wilk statistics (0.264, p >.05, with a W statistic
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of 0.985) and Homogeneity of covariance matrices was tested (Box’s M statistic,

X%df =26.73, p= .19). The results show no serious violations of the assumptions.

When Achievement in Mathematics is included, the assumption of homogeneity of
covariance matrices was violated and hence Achievement in Mathematics was

excluded from the list for analysis by MANOVA.

After ensuring assumptions, MANOVA was executed to find out whether the
three groups differ significantly in their gain scores on select Mathematical outcomes
viz., Problem solving ability in Mathematics, Mathematics belief (Exploratory),
Attitude towards Mathematics and Mathematics anxiety. The hypothesis tested is
‘There is no significant difference in the mean gain scores among the three comparison
groups on Problem solving ability in Mathematics, Mathematics belief (Exploratory),

Attitude towards Mathematics and Mathematics anxiety.’

Details of the Multivariate analysis for the model using gain scores are given
in table 34.

Table 34

Multivariate Test Result for the Model on Gain Scores on Select Mathematical

Outcomes (Standard VIII)

Value F Sig Partial Eta Squared
Pillai's trace 403 6.69 .01 201
Wilks' lambda .618 7.42 .01 214

Table 34, shows that the model has significant effect on Mathematical
Outcomes from both Pillai’s trace (.403), F s, 212) = 6.69, and Wilk’s lambda (.618), F

@,210) =7.42, p < .01. The partial eta squared indicates a high effect.
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As the model is found to have significant effect on select Mathematical

Outcomes, univariate analysis was done, the details of which are presented in table

35.

Table 35

Univariate Test Values for Gain Scores on Problem Solving Ability in Mathematics,

Mathematics Belief (Exploratory), Attitude towards Mathematics and Mathematics

Anxiety (Standard VIII)
g ¢ M Partial
Dependent Variable um o df ean Sig Eta
Squares Square
Squared
Problem Solving ability 136.12 > 63.06 1537 01 29
in Mathematics ' ' ' ' '
Mathematics Belief
arematies Bete 1041 2 521 111 NS 02
(Exploratory)
Attitude Towards 48184 2 24092 36 .05 06
Mathematics
Mathematics Anxiety 1897.78 2 948.89 14.85 01 22

Table 35, shows that the difference in the mean gain scores on Problem solving

ability in Mathematics among the groups is significant at .01 level (F,108) = 15.37,

p<.01). The partial eta squared is .22 indicating that there is high effect for the

treatments on gain scores on Problem solving ability in Mathematics.

In the case of Exploratory beliefs about Mathematics there is no significant

mean difference in gain score among the three comparison groups (F 2,108y = 1.11,

p >.05).
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There is significant difference in the mean gain scores on Attitude towards
Mathematics among the groups (F 2,108y = 3.6, p <.05). The partial eta squared is .06
which indicates moderate effect for the treatments on gain scores on Attitude towards

Mathematics.

In the case of gain scores on Mathematics anxiety, the groups differ
significantly (F (2,108) = 14.85, p <.01). The value of partial eta squared shows (.22) a

high effect for the treatments on Mathematics anxiety.

These results partially substantiate the null hypothesis ‘There is no significant
difference in the mean gain scores among the three comparison groups on Problem
solving ability in Mathematics, Mathematics belief (Exploratory), Attitude towards
Mathematics and Mathematics anxiety.” No significant difference in mean gain scores
is found in the case of Mathematics belief (Exploratory), but significant difference is
observed in Problem solving ability in Mathematics, Attitude towards Mathematics
and Mathematics anxiety among the eighth standard students taught with Art
Integrated Information Processing Model, Information Processing Model and Present

method of teaching Mathematics.

Post hoc analysis (Scheffe test) was done to find out which groups differ in

these variables. The details of the follow up analysis is given in table 36.
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Table 36

Mean Difference and Level of Significance as per Scheffe Post-hoc Test for Gain
Scores on Problem Solving Ability in Mathematics, Attitude towards Mathematics and

Mathematics Anxiety of Comparison Groups (Standard VIII)

Present
Variable Group AIIPM IPM method of
teaching
AIIPM 97 2.66
Problem (NS) o1
Solving Ability
in Mathematics  [ppp 1.68
(.0D)
-1.58 3.36
Attitude AIIPM (NS) NS
towards
Mathematics IPM 4.95
(.05)
AIIPM 1.28 -7.96
Mathematics (NS) (.01)
Anxiety 9.3
IPM
(.0D)

The groups, AIIPM and IPM do not differ significantly in the mean gain scores
on Problem solving ability in Mathematics. But significant difference exists between
Group 3 and AIIPM group as well as IPM group. A close observation of the mean gain
scores on Problem solving ability in Mathematics of the three groups shows that, Art
Integrated Information Processing Model and Information Processing Model are more
effective than the Present method of teaching for developing Problem solving ability
in Mathematics among eighth standard students (Mean gain score of AIIPM

group=3.86, IPM group = 2.89 and Group 3=1.21).

No significant difference exists in mean gain score for AIIPM group with IPM

group and Group 3 on Attitude towards Mathematics, but significant difference exists



158 Analysis

between IPM group and Group 3. A higher mean gain score for IPM group indicates
it is more effective than Present method of teaching for improving Attitude towards
Mathematics among eighth standard students (Mean gain score of IPM group=16.64,
Group 3=11.69). Art Integrated Information Processing Model is equally effective as
Information Processing Model, but is not much effective than the Present method of

teaching in developing Attitude towards Mathematics among eighth standard students.

In the case of Mathematics anxiety, Group 3 differ significantly from the
groups AIIPM and IPM, but there is no significant mean difference in the gain scores
on Mathematics anxiety between AIIPM and IPM groups. Low mean score for AIIPM
and IPM groups compared to group 3 shows that Art Integrated Information
Processing Model and Information Processing Model are more effective than the
Present method of teaching to reduce Mathematics anxiety. (Mean gain score of

AIIPM group= -14.75, IPM group= -16.03, Group 3= -6.80).

Kruskal-Wallis test was executed to know whether the groups differ in the gain
scores on Achievement in Mathematics. The null hypothesis tested here is ‘the three
groups are selected from the same population with respect to gain scores on

Achievement in Mathematics’ The details are given in table 37.

Table 37

Details of Kruskal-Wallis Test for Gain Scores on Achievement in Mathematics

(Standard VIII)

Variable > df

Achievement in Mathematics 4.24 2
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The % value (2df) is 4.24, which is less than the tabled value of X%df (5.991)

for significance at .05 level. Hence the null hypothesis, ‘the three groups are selected
from the same population with respect to gain scores on Achievement in Mathematics’
is accepted. That is, the three groups are equal in the gain scores on Achievement in
Mathematics. This shows that the three methods are equally effective in improving

Achievement in Mathematics among eighth standard students.
Discussion of Results

Art Integrated Information Processing Model and Information Processing
Model are effective for developing Problem solving ability, and reducing anxiety
towards Mathematics among eighth standard students. IPM is effective for improving
positive attitude towards Mathematics. The three teaching strategies are equally
effective in improving exploratory belief and Achievement in Mathematics among

eighth standard students.
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Analysis of Data Based on Experimentation Conducted

among Ninth Standard Students

As in the case of eighth standard students, data was collected from the three

comparison groups of ninth standard before and after experimentation.

Description of analysis is given under the sections

° Descriptive statistics of pre-test, post-test and gain scores on select

Mathematical outcomes of ninth standard students

° Comparison of mean of pre-test scores on select Mathematical outcomes

among the three groups of ninth standard students

° Pairwise comparison of average pre-test, post-test scores on select

Mathematical outcomes for the three groups of ninth standard students

° Multiple comparison of average post-test scores on select Mathematical

outcomes among the three groups of ninth standard students

° Multiple comparison of average gain scores on select Mathematical outcomes

among the three groups of ninth standard students

Descriptive Statistics of Pre-test, Post-test and Gain Scores on Select

Mathematical Outcomes of Ninth Standard Students

The nature and characteristics of distributions of the variables, Problem

solving ability in Mathematics, Mathematics belief (Exploratory), Attitude towards
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Mathematics, Mathematics anxiety and Achievement in Mathematics were analysed

using descriptive statistics.

Descriptive Statistics of Pre-test Scores on Select Mathematical Qutcomes of Ninth

Standard Students

The mean, median, mode, standard deviation, skewness and kurtosis of the
pre-test scores on Problem solving ability in Mathematics, Mathematics belief
(Exploratory), Attitude towards Mathematics, Mathematics anxiety and Achievement

in Mathematics of ninth standard students are presented in table 38.

Table 38

Statistical Constants of the Pre-test Scores on Select Mathematical Outcomes

(Standard IX)

Variable Mean Median Mode S D Skewness Kurtosis

Problem S.olvmg Ability in 635 6 10 297 0.42 046
Mathematics
Mathematics Belief

7.67 7 7 3.04 0.09 -0.30
(Exploratory)
Altitude Towards 8751 86 80 795  0.66 -0.35
Mathematics
Mathematics Anxiety 96.09 96 90 9.21 0.02 -0.19
Achievement in 0.27 0 0 069 328 12.13

Mathematics

Table 38, shows that the mean, median and mode of Problem solving ability
in Mathematics are 6.35, 6 and 10 respectively. The standard deviation of the variable
shows that the scores are not much dispersed from the central value. The distribution

is slightly positively skewed with a value of 0.42, which indicates that there is a
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tendency for the scores to accumulate at the lower end. But a low value of skewness
indicates the distribution is almost symmetric. The negative value of kurtosis shows a
chance for platykurtic distribution but a small value (-0.46) of kurtosis indicates
almost mesokurtic distribution. Thus, the distribution of pre-test scores on Problem

Solving Ability in Mathematics can be considered as not deviating from normality.

The measures of central tendency for Mathematics belief (Exploratory) are
almost equal (Mean=7.67, Median=7, Mode=7). The standard deviation of the
variable (3.04) shows that the scores are not much dispersed from the mean. The value
of skewness is positive but a low value (0.09) indicates symmetry of the distribution
of pre-test scores on Mathematics belief (Exploratory). A negative value of kurtosis
(-0.30) indicates a platykurtic distribution, but a small value indicates mesokurtic
distribution. Thus, the pre-test scores on Mathematics belief (Exploratory) can be

considered as normally distributed.

For Attitude towards Mathematics, the mean, median and mode of pre-test
scores are 87.51, 86 and 80 respectively with standard deviation 7.95. Mean and
median of the scores are almost equal, but mode is lower than the other two values.
The value obtained for standard deviation shows the possibility of the scores to be
slightly spread from the mean score. A small value of skewness (0.66) suggests
symmetry of the distribution. The value of kurtosis (-0.35) is negative but a small
value indicates the distribution is mesokurtic. Hence the distribution of the pre-test
scores on Attitude towards Mathematics can be considered as not highly deviating

from normality.
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The mean, median and mode of pre-test scores on Mathematics Anxiety are
96.09, 96 and 90 respectively. The standard deviation (9.21) shows that the scores are
dispersed to some extent from the central value. The value of skewness is 0.02, the
low value indicates symmetry of the distribution. A very small value of kurtosis
(-0.19) indicates mesokurtic nature of the distribution. Thus, the distribution of pre-

test scores on Mathematics anxiety can be considered as normal.

Measures of central tendency of pre-test scores on Achievement in
Mathematics (Mean=0.27, Median=0, Mode=0) are almost equal. The standard
deviation of the variable (0.69), shows that the scores tend to be closer to the mean.
The value of skewness (3.28) and kurtosis (12.13) are high. The distribution is
positively skewed and leptokurtic. The pre-test scores on Achievement in
Mathematics cluster at the lower end. Hence the distribution of pre-test scores on

Achievement in Mathematics deviates from normality.

The descriptive analysis of pre-test scores on select Mathematical Outcomes
of ninth standard students are supported by the smoothed frequency curves drawn for

the data which is presented as figure 8.
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Figure 8
Smoothed Frequency Curves of the Distribution of Pre-test Scores on Select

Mathematical Outcomes (Standard 1X)
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The smoothed frequency curves of the distribution of pre-test scores show that
distribution of pre-test scores on Problem solving ability in Mathematics,
Mathematics belief (Exploratory), Attitude towards Mathematics, and Mathematics
anxiety are not deviating from normality but that of Achievement in Mathematics is

deviating from normality.

Descriptive Statistics of Post-test Scores on Select Mathematical Qutcomes of Ninth

Standard Students

Mean, median, mode, standard deviation, skewness, and kurtosis of the post-
test scores on select Mathematical outcomes were calculated and are presented in table

39.

Table 39

Statistical Constants of Post-test Scores on Select Mathematical Outcomes (Standard

X)

Variable Mean Median Mode S D Skewness Kurtosis
Problem Solving Ability (5, 10 378 010  -081
in Mathematics
Mathematics Belief

10.47 10 10 3.11 0.41 -0.15
(Exploratory)
Adtitude Towards 98.64 985 90 1032 -0075  -071
Mathematics
Mathematics Anxiety 86.56 86 80 9.86 -0.04 -0.49

Achievement in

Mathematics 9.9 9 10 5.19 0.71 -0.53

From table 39, the measures of central tendency of post-test scores on

Problem-solving ability in Mathematics are almost equal (Mean=10.54, Median=10,
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Mode=10). The standard deviation of the variable (3.78) shows that the scores are not
much deviated from the central value. The distribution is slightly positively skewed
with a value of 0.10, low value of skewness indicates the distribution is almost
symmetric. The negative value of kurtosis (-0.81) indicates a slight platykurtic
distribution, but the value is small, hence the distribution can be considered as
mesokurtic. Thus, the distribution of post-test scores on Problem Solving Ability in

Mathematics can be considered as normal.

For Mathematics belief (Exploratory), the values of mean, median and mode
are 10.47, 10 and 10 respectively which are almost equal. The standard deviation of
the variable (3.11) indicates that the scores are not much varied from the central value.
The value of skewness is positive (0.41), a low value of skewness indicates the
distribution of Mathematics belief (Exploratory) is approximately symmetric. The
value of kurtosis (-0.15) is very small indicating that the distribution is mesokurtic.
Hence the distribution of post-test scores on Mathematics belief (Exploratory) is

normal.

The mean, median and mode of post-test scores on Attitude towards
Mathematics are 98.64, 98.5 and 90 respectively with standard deviation 10.32
indicating a possibility for the scores to be widely spread from the mean score. A
negligible negative value of skewness (-0.075) indicates the symmetry of the
distribution. The value of kurtosis (-0.71) is negative but a small value indicates the
distribution is mesokurtic. Hence the distribution of the post-test scores on Attitude

towards Mathematics can be considered as not deviating from normality.
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The mean, median and mode of post-test scores on Mathematics Anxiety are
86.56, 86 and 80. The standard deviation of the variable (9.86) shows that the scores
are widely spread around the mean. The distribution is symmetric as the value of
skewness is very low (-0.04). Again, a small value of kurtosis (-0.49) indicates
mesokurtic distribution. Thus, the distribution of post-test scores on Mathematics

anxiety can be considered as normal.

The measures of central tendency of post-test scores on Achievement in
Mathematics (Mean=9.9, Median=9, Mode=10) are almost equal. The standard
deviation (5.19), shows that the scores are not much dispersed from the mean score.
The value of skewness (0.71) and kurtosis (-0.53) are very small. These values show
that the distribution is almost symmetric and mesokurtic. From the above discussion,
the distribution of post-test scores on the variable Achievement in Mathematics can

be considered as normal.

Smoothed frequency curves are drawn to support the findings of descriptive
analysis for post-test scores on select Mathematical outcomes of ninth standard

students and are presented as figure 9.
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Figure 9

Smoothed Frequency Curves of the Distribution of Post-test Scores on Select

Mathematical Outcomes (Standard 1X)
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The smoothed frequency curves of the post-test scores on select Mathematical

outcomes suggest the normality of the distribution.

Descriptive Statistics of Gain Scores on Select Mathematical Qutcomes of Ninth

Standard Students

The mean, median, mode, standard deviation, skewness and kurtosis of the
gain scores on select Mathematical Outcomes were calculated and are presented in

table 40.

Table 40

Statistical Constants of Gain Scores on Select Mathematical Outcomes (Standard IX)

Variable Mean Median Mode S D Skewness Kurtosis
Problem S.olvmg Ability in 419 4 5 259 0.65 2021
Mathematics

Mathematics Belief 2.80 3 3 259 0.41 1.56
(Exploratory)

Atitude Towards 113 10 8 672 058  -043
Mathematics

Mathematics Anxiety -9.53 -9 -5 6.60 -0.30 -0.72
Achievement in 9.56 9 6 506 0.75 -0.35

Mathematics

From table 40, one can observe that the measures of central tendency of the
gain scores on Problem solving ability in Mathematics are almost equal (Mean=4.19,
Median=4, Mode=5). The standard deviation of the variable (2.59) shows that the
scores are not much dispersed from the central value. A small value of (0.65), low

value of skewness indicates the distribution is almost symmetric. The value of kurtosis



170 Analysis

(-0.21) is negative, but a small value shows the possibility of the distribution to be
mesokurtic. Thus, the distribution of gain scores on Problem Solving Ability in

Mathematics can be considered as normal.

For Mathematics belief (Exploratory), the obtained values of mean, median
and mode are 2.80, 3 and 3 respectively. The standard deviation of the variable (2.59)
shows that the scores are not much dispersed from the central value. The value of
skewness is positive (0.41), but a low value of skewness indicates the distribution of
gain scores on Mathematics belief (Exploratory) is approximately symmetric. A
positive value of kurtosis (1.56) indicates a slightly leptokurtic distribution, but the
value is not high, hence the distribution can be considered as mesokurtic. Hence the
distribution of gain Scores on Mathematics belief (Exploratory) is approximately

normal.

The mean, median and mode of gain scores on Attitude towards Mathematics
are 11.13, 10 and 8 respectively with standard deviation 6.72 indicating a possibility
of the scores to be slightly spread from the mean score. A low positive value of
skewness (0.58) indicates the symmetry of the distribution. The value of kurtosis
(-0.43) is negative but a small value shows the possibility of the distribution to be
mesokurtic. Hence the distribution of the gain scores on Attitude towards Mathematics

can be considered as not deviating from normality.

The measures of central tendency (mean, median and mode) of gain scores on

Mathematics Anxiety are -9.53, -9 and -5. The standard deviation (6.60) shows that
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the scores are slightly dispersed from the central value. The value of skewness (-0.30),
indicates the distribution is not much deviating from symmetry. The value of kurtosis
(-0.72) indicates almost mesokurtic distribution. Thus, the distribution of gain scores

on Mathematics anxiety can be considered as normal.

The mean, median and mode of the gain scores on Achievement in
Mathematics are 9.56, 9, and 6 respectively. The standard deviation of the variable
(5.06), shows that the scores are not much dispersed from the central value. The value
of skewness (0.75) and kurtosis (-0.35) are very small. The values show that the
distribution is almost symmetric and mesokurtic. From the above discussion, the
distribution of gain scores on the variable Achievement in Mathematics can be

considered as normal.

Findings of the descriptive analysis for gain scores on select Mathematical
Outcomes of ninth standard students are supported by the smoothed frequency curves

drawn for the data which are presented as figure 10.
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Figure 10
Smoothed Frequency Curves of the Distribution of Gain Scores on Select

Mathematical Outcomes (Standard 1X)

25 Mean = 4.19 257 Mean =28
Std. Dev. = 2.589 Std. Dev. = 2597
N=104 N=104
204 207
>
> 4154 154
g 15° g 5
s @
3 3
3 o
[ 2
e w
10 10
5 5
o T T T T T v T T T T
0 30 60 90 120 S0 0 50 100
Problem solving ability in Mathematics Mathematics Belief (Exploratory)
- 20+ Mean = -9.53
Uiber S Std. Dev. = 6.602
N=104 N=104
125+
154
10.0-]
S s 3
g g 10
w w
5.0
5
254
00— T T T T 0 T T T T
0 100 200 300 400 300 200 100 0 100
Attitude towards Mathematics Mathematics Anxiety
Mean =956
Std. Dev. = 5.064
N=104
125
10.0
>
S
H
3 75
o
o
o
w
5.0
25
00-—T T T T T T
0 50 100 150 200 250

Achievement in Mathematics



Analysis 173

The smoothed frequency curves of the gain scores on select Mathematical

outcomes show that the distributions are almost normal.

Discussion of Results

The above discussion indicates that the pre-test, post-test scores, and gain
scores for select Mathematical outcomes viz., Problem Solving Ability in
Mathematics, Mathematics Belief (Exploratory), Attitude towards Mathematics, and
Mathematics Anxiety are normally distributed. The distribution of pre-test scores on

Achievement in Mathematics cannot be considered as normal.

Comparison of Mean Pre-test Scores on Select Mathematical Outcomes among

the Three Groups of Ninth Standard Students

Arithmetic mean of the pre-test scores on select Mathematical outcomes of the
three groups (Ninth standard) were compared using one way ANOVA and Kruskal-

Wallis Test.

Comparison of Mean Pre-test Scores on Select Mathematical Outcomes (Except

Achievement in Mathematics) among the Three Groups of Ninth Standard Students

To know whether the three comparison groups viz., Art Integrated
Information Processing Model group (AIIPM group), Information Processing Model
group (IPM group) and the group taught with the Present method of teaching are equal
in their entry level behaviour with respect to the select Mathematical outcomes, one-
way ANOVA was executed except for pre-test scores on Achievement in Mathematics,

the distribution of which is found to be deviating from normality.

The details of analysis done are given in table 41.
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Table 41

Details of ANOVA on Pre-test Scores on Select Mathematical Outcomes (Except

Achievement in Mathematics) of Comparison Groups (Standard IX)

Variable Group N Mean SD  dfl df2 Sllgrfil‘;i;rfce
Problem AIIPM 34 729 247
Solving Ability IPM 34 682 321 2 665 7.09 01
in Mathematics Group 3 36 5 276
Mathematics AIIPM 34 6.65 3.56
Belief IPM 34 888 287 2 64 446 .05
(Exploratory)  Group 3 36 750 222
Attitude AIIPM 34 87.88 7.34
Towards IPM 34 9268 701 2 66 22.78 01
Mathematics  Group 3 36 8228 5.86

. ATIPM 34 9379 8.48
%ﬁ;?::;ams IPM 34 9994 614 2 644 7.02 01

Group 3 36 94.61 11.15

From table 41, one can see that the F value obtained for pre-test scores on
Problem solving ability in Mathematics is 7.09 with (2, 66.5) degrees of freedom. This
value indicates that the difference in the mean scores on Problem solving ability in

Mathematics (Pre-test) is significant at .01 level.

The F value obtained for pre-test scores on Mathematics belief (Exploratory)
is 4.46 with (2, 64) degrees of freedom. This value indicates that the difference in the
mean scores on entry level of Mathematics belief as Exploratory is significant at .05

level.

The F value obtained for pre-test scores on Attitude towards Mathematics is
22.78 with (2,66) degrees of freedom. This value indicates that the three groups differ

significantly in their entry level of Attitude towards Mathematics at .01 level.
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The F value obtained for pre-test scores on Mathematics anxiety is 7.02 with
(2,64.4) degrees of freedom. This value indicates that the difference in the mean scores

on entry level Mathematics anxiety of the three groups is significant at .01 level.

To determine which of the groups have statistically significant difference in
their entry level with regard to Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics and Mathematics anxiety, post-
hoc comparison (Tukey method) was done. All pairwise comparisons among three

groups were examined and the results of the same are given in table 42.

Table 42

Mean Difference and Level of Significance as per Tukey Post-hoc Test on Problem
Solving Ability in Mathematics, Mathematics Belief (Exploratory), Attitude towards

Mathematics and Mathematics Anxiety (Standard IX)

Variable Group AIIPM IPM Group 3
Problem ATIIPM 0.47 2.29
Solving (NS) (.0D)
Ability in 1.82
Mathematics IPM (.05)

ATIIPM -2.24 -0.853
Mathematics
.01 NS
Belief (01 (NS)
1.38
(Exploratory)  1pM
(NS)
-4.79 5.6
Attitude AlIPM (.05) (.01)
Towards
Mathematics IPM 10.4
(.01)
-6.15 -0.82
AIIPM
Mathematics (.0D) (NS)
Anxiety 5.33
IPM

(.05)
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Results of Post-hoc analysis using Tukey method (Table 42) show that both
AIIPM and IPM groups differ from the group taught with Present method of teaching
in their mean pre-test score on Problem solving ability in Mathematics, but the
difference between AIIPM and IPM groups is not significant. A close observation of
the mean values revealed that IPM group is slightly higher in their entry-level

Problem-solving ability.

Post- hoc analysis using Tukey method shows that the AIIPM and IPM groups
differ in their mean pre-test score in Mathematics belief (Exploratory) (p< .01). But
the AIIPM, IPM groups do not differ from the group taught with Present method of
teaching in their mean pre-test score in Mathematics belief (Exploratory). Group 2,
selected for Information Processing Model, is slightly higher in their Exploratory

belief in Mathematics compared to AIIPM group.

AIIPM and IPM groups differ in their mean pre-test score in Attitude towards
Mathematics (p< .05), also the two groups differ from the group taught with Present
method of teaching (p< .01). The comparison group 2, selected for Information
Processing Model, is slightly higher in their Attitude towards Mathematics compared
to other groups. But the mean scores, being less than 96 (32x3), indicate that the three

groups do not have a positive attitude towards Mathematics at the initial level.

The first two comparison groups differ in their mean pre-test score in
Mathematics anxiety (p< .01), also the IPM group differ from group 3 in their mean
pre-test score in Mathematics anxiety (p< .05). The Group taught with Information
Processing Model, is slightly higher in their Mathematics anxiety compared to other

groups.
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Comparison of Mean Pre-test Scores on Achievement in Mathematics among the
Three Groups of Ninth Standard Students

Kruskal-Wallis test was executed to know whether the groups differ in their

initial level of Achievement in Mathematics. The details are given in table 43.

Table 43

Details of Kruskal-Wallis Test for Pre-test Scores on Achievement in Mathematics

(Standard IX)

Variable 2 df
Achievement in
Mathematics 7.26 2

The * value (2df) is 7.26, which is greater than the tabled value of 34 7 5.991.
Hence the null hypothesis, ‘the three groups are selected from the same population
with respect to Achievement in Mathematics (Pre-test)’ is rejected. That is the three

groups differ in the pre-test scores on Achievement in Mathematics.

Post-hoc comparison (Dwass-Steel-Critchlow-Fligner pairwise comparison)
was done to know which groups differ in Achievement in Mathematics (pre-test). The

results of the test are given in table 44.

Table 44

Details of Dwass-Steel-Critchlow-Fligner Pairwise Comparison Test (Post-hoc Test)

for Pre-test Scores on Achievement in Mathematics (Standard IX)

Variable Group AIIPM IPM Group 3
1.41 -2.66
Achievement AlIPM (NS) (NS)

m

Mathematics  [pMm -3.80

(.05)
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Post-hoc analysis using Dwass-Steel-Critchlow-Fligner (Table 44) shows that
the first two comparison groups do not differ in their median pre-test score of
Achievement in Mathematics, but the IPM group and the group taught with Present
method of teaching differ in their median pre-test score of Achievement in

Mathematics (p< .05).

Discussion of Results

The groups taught with Art Integrated Information Processing Model and
Information Processing Model are equal in their Problem solving ability in
Mathematics and Achievement in Mathematics; AIIPM group is equal in Mathematics
belief, Mathematics anxiety and Achievement in Mathematics with Group 3. The
maximum score obtainable for Problem solving ability in Mathematics is 25, the mean
scores obtained by the three groups in pre-test are 7.29, 6.82 and 5 which are far below
the middle score (12.5) in the test. Hence the slight difference observed between
Group 3 and AIIPM group as well as IPM group will not much influence the
experiment. The difference in pre-test scores on Mathematics belief between AIIPM
group and IPM group can be neglected as the both groups have score less than the
middle score in the inventory (11) with almost equal variance. Though the three
groups differ in Attitude towards Mathematics, the three groups have negative
Attitude towards Mathematics and hence this difference in attitude will not influence
the result remarkably. IPM group is found to have higher Mathematics anxiety
compared to AIIPM group and Group 3. The level of anxiety in the groups are the
same as the mean scores are greater than 85, the scale value indicating moderate level

of anxiety, and less than 115, the scale value indicating high level of anxiety. The
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median scores on Achievement in Mathematics (pre-test) of IPM group and Group 3
are found to be different, a higher value for IPM group. The first and third comparison

groups do not differ in their median pre-test achievement score.

Pairwise Comparison of Average of Pre-test and Post-test Scores on Select

Mathematical Outcomes for the Three Groups of Ninth Standard Students

To know the effectiveness of models to improve Mathematical outcomes, viz.,
Problem solving ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics, and Mathematics anxiety of ninth standard students, paired t-

test was used. The details are given below under separate headings.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Problem Solving

Ability in Mathematics for the Three groups of Ninth Standard Students

The mean of pre-test scores on Problem solving ability in Mathematics was
compared with that of post-test scores for each of the three groups of ninth standard
students using paired-test of mean comparison for large groups. The null hypotheses

tested are

‘There is no significant mean difference in pre-test and post-test scores on

Problem solving ability in Mathematics of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Problem solving ability in Mathematics of IPM group.’



180 Analysis

‘There is no significant mean difference in pre-test and post-test scores on

Problem solving ability in Mathematics of Group taught with Present method of

teaching.’

The details of the test are given in table 45.

Table 45

Details of Paired t-test for Problem Solving Ability in Mathematics for the Three

groups (Standard IX)
Variable Group Test Mean SD N Esfif;gt

Pre 7.29 247 34
AIIPM 14.6 2.5

Post 13.56 284 34

Problem Pre 6.82 321 34
solving ability  IPM 9.31 1.6

Pre 5 2776 36
Group 3 10.18 1.70

Post 7.89 3.12 36

Table 45, shows that the t-value obtained for Problem solving ability in

Mathematics when the pre- and post-test mean scores are compared for the first

comparison group (AIIPM) is 14.6. A score greater than 2.58 indicates that the pre-

and post-test mean scores in Problem solving ability in Mathematics of students taught

with Art Integrated Information Processing Model differ significantly (p<.01). Hence

the null hypothesis ‘There is no significant mean difference in pre-test and post-test

scores on Problem solving ability in Mathematics of AIIPM group’ is rejected.

A higher mean score for post-test indicates that teaching with Art Integrated

Information Processing Model increases Problem solving ability in Mathematics of

ninth standard students. The effect size obtained is 2.5, meaning that the difference of
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the two mean scores is 2.5 times the standard deviation. A value greater than 1.3
indicates that the effect size is very large. That is, teaching with Art Integrated
Information Processing Model has a very large effect on Problem solving ability in

Mathematics among ninth standard students.

For the second group (IPM), t-value obtained for Problem solving ability in
Mathematics when the pre-test and post-test mean scores are compared is 9.31, which
is greater than 2.58. This implies that the two mean scores differ significantly. That is,
the pre- and post-test mean scores in Problem solving ability in Mathematics of
students taught with Information Processing Model differ significantly (p< .01).
Hence the null hypothesis “There is no significant mean difference in pre-test and

post-test scores on Problem solving ability in Mathematics of IPM group’ is rejected.

A higher mean score for post-test indicates that the Information Processing
Model improves Problem solving ability in Mathematics of ninth standard students.
The effect size obtained is 1.6, meaning that the difference of the two mean scores is
1.6 times the standard deviation. An effect size of 1.6 indicates a very large effect.
That is, Information Processing Model has a very large effect on Problem solving

ability in Mathematics.

For the group taught with Present method of teaching (Group 3), t-value
obtained for Problem solving ability in Mathematics when the pre- and post-test mean
scores are compared is 10.18, which is greater than 2.58. This reveals that the
difference in pre- and post-test mean scores in Problem solving ability in Mathematics
of students taught with Present method of teaching is not due to chance (p< .0l).

Hence the null hypothesis “There is no significant mean difference in pre-test and
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post-test scores on Problem solving ability in Mathematics of group taught with

Present method of teaching (Group 3)’ is rejected.

A higher mean score for post-test indicates that teaching with Present method
of teaching increases Problem solving ability in Mathematics of ninth standard
students. The effect size obtained is 1.7, meaning that the difference of the two mean
scores is 1.7 times the standard deviation. An effect size of 1.7 indicates a very large
effect. That is, Present method of teaching has a very large effect on Problem solving

ability in Mathematics.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective to
improve Problem solving ability in Mathematics among ninth standard students, Art
Integrated Information Processing Model being the most effective one. Though the
effect size of Information Processing Model and Present method of teaching are
almost equal, the standard deviation of the group taught with Present method of
teaching has been increased compared to the AIIPM and IPM groups indicating a wide
spread of values from the central value. AIIPM is a better choice than the IPM and
Present method of teaching to develop Problem solving ability in Mathematics among

ninth standard students.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Mathematics

Belief (Exploratory) for the Three Groups of Ninth Standard Students

Comparison of the mean scores on pre-test on Mathematics belief
(Exploratory) was done for each group using paired-test of mean comparison for large

groups. The null hypotheses tested are
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‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of IPM group.’

‘There is no significant mean difference in pre-test and post-test scores on
Mathematics belief (Exploratory) of the Group taught with Present method of

teaching.’

The details of testing these hypotheses are given in table 46.

Table 46

Details of Paired t-test for Mathematics Belief (Exploratory) for the Three
Comparison Groups (Standard IX)

Effect

Variable Group Test Mean SD N t Size

Pre 6.65 3.56 34
AIIPM 12.6 2.16
Post 11.62 3.65 34

Pre 8.88 287 34

Ma.thematics IPM 3.89 0.67
belief Post 1044 3.04 34
(Exploratory) Pre 75 222 36

Group 3 6.85 1.14

Post 9.42 22 36

Table 46, shows that the t-value obtained for Mathematics belief (Exploratory)
when the pre- and post-test mean scores are compared for the first comparison group
(AIIPM) is 12.6. A value greater than 2.58 indicates that the pre- and post-test mean
scores in Mathematics belief (Exploratory) of students taught with Art Integrated

Information Processing Model differ significantly (p <.01). Hence the null hypothesis
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‘There is no significant mean difference in pre-test and post-test scores on

Mathematics belief (Exploratory) of AIIPM group’ is rejected.

A higher mean score for post-test indicates that the Art Integrated Information
Processing Model is effective in bringing out Exploratory beliefs about Mathematics
among ninth standard students. The effect size obtained is 2.16, meaning that the
difference of the two mean scores is 2.16 times the standard deviation. A value greater
than 1.3 indicates a very large effect size. That is, Art Integrated Information

Processing Model has a very large effect on Mathematics belief (Exploratory).

For the second comparison group (IPM), t-value obtained for Mathematics
belief (Exploratory) when the pre-test and post-test mean scores are compared is 3.89,
which is greater than 2.58. The value shows that the pre- and post-test mean scores in
Mathematics belief (Exploratory) of students taught with Information Processing
Model differ significantly (p<.01). Hence the null hypothesis ‘There is no significant
mean difference in Pre-test and Post-test Scores on Mathematics belief (Exploratory)

of IPM group’ is rejected.

A higher mean score for post-test indicates that the Information Processing
Model improves Mathematics belief (Exploratory) among ninth standard students.
The effect size obtained is 0.67, meaning that the difference of the two mean scores is
0.67 times the standard deviation. An effect size of 0.67 indicates a moderate effect.
That is, Information Processing Model has a moderate effect on Mathematics belief

(Exploratory).
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For the group taught with Present method of teaching, t-value obtained for
Mathematics belief (Exploratory) when the pre-test and post-test mean scores are
compared is 6.85, which is greater than 2.58. The value indicates that the pre- and
post-test mean scores in Mathematics belief (Exploratory) of students taught with

Present method of teaching differ significantly (p<.01).

A higher mean score for post-test indicates that teaching with the Present
method of teaching is effective in developing Mathematics belief (Exploratory)
among ninth standard students. The effect size obtained is 1.14, meaning that the mean
difference of the two mean scores is 1.14 times the standard deviation. An effect size
of 1.14 indicates a large effect. That is, teaching with the Present method of teaching

has a large effect on Mathematics belief (Exploratory).

A cross examination of numbers of students having the systematic,
exploratory, and utilitarian belief about Mathematics before and after experiment was

done. The details are given in table 47.

Table 47

Number of Students having the Systematic, Exploratory and Utilitarian Belief about
Mathematics Before and After Experiment (Standard IX)

Belief System
Group Systematic Exploratory Utilitarian
Pre Post Pre Post Pre Post
AIIPM 12 2 13 28 9 4
IPM 6 3 19 26 9 5

Group 3 8 6 11 25 17 5
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Number of students who have Exploratory belief has increased for all the three
teaching strategies. Art Integrated Information Processing Model (AIIPM) is more
effective compared to Information Processing Model and Present method of teaching

in bringing exploratory belief in Mathematics among ninth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective in
developing Mathematics belief (Exploratory) among ninth standard students. But Art
Integrated Information Processing Model has a greater effect compared to the other
two teaching strategies for developing Mathematics belief (Exploratory) among ninth
standard students. Also, the Present method of teaching is more effective than IPM for

developing Mathematics belief (Exploratory) among ninth standard students.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Attitude Towards

Mathematics for the Three Groups of Ninth Standard Students

A comparison of the pre- and post-test mean scores on Attitude towards
Mathematics was done for the three groups using paired-test of mean comparison for

large samples. The null hypotheses tested are

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of AIIPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of IPM group.’

‘There is no significant mean difference in pre-test and post-test scores on

Attitude towards Mathematics of group taught with Present method of teaching.’
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These hypotheses were tested using paired test of mean comparison for large

samples. The details of testing the hypotheses are given in table 48.

Table 48

Details of Paired t-test for Attitude towards Mathematics for the Comparison Groups
(Standard IX)

Variable Group Test Mean SD N Eifzeg !
Pre 87.88 734 34
AIIPM 16.3 2.79
Post 10429 693 34
Attitude Pre 92.68 7.01 34
Towards IPM 11.7 2.01

Post 104.06 6.85 34

Pre 82.28 5.86 36
Group 3 9.32 1.55
Post 88.17 7.17 36

Mathematics

Table 48, shows that the t-value obtained for Attitude towards Mathematics
when the pre-test and post-test mean scores are compared for AIIPM group is 16.3,
which is greater than 2.58, indicating a significant difference between the two mean
scores (p<.01). Hence the null hypothesis ‘There is no significant mean difference in
pre-test and post-test scores on Attitude towards Mathematics of AIIPM group’ is

rejected.

A higher mean score for post-test indicates that Art Integrated Information
Processing Model improves Attitude towards Mathematics among ninth standard
students. At the initial level the mean score was 87.88 (< 96) but after learning through
Art Integrated Information Processing Model, it has increased to 104.29 (>96)

indicating that Art Integrated Information Processing Model is efficient in changing
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negative Attitude towards Mathematics to positive attitude among ninth standard

students.

The effect size calculated suggests that the difference of the two mean scores
is 2.79 times the standard deviation. The effect size is greater than 1.3 and so the effect
is very large. That is, Art Integrated Information Processing Model has a very large

effect on Attitude towards Mathematics among ninth standard students.

In the case of IPM group, t-value obtained is 11.7, indicating that the difference
in pre- and post-test mean scores in Attitude towards Mathematics of students taught
with Information Processing Model is significant (p< .01). This leads to rejection of
the null hypothesis ‘There is no significant mean difference in pre-test and post-test

scores on Attitude towards Mathematics of IPM group.

At the initial level the mean score was 92.68 (< 96) but after learning through
Information Processing Model, it has increased to 104.06 (>96) indicating that
Information Processing Model is efficient in changing negative Attitude towards
Mathematics to positive attitude among ninth standard students. It can be concluded
that the Information Processing Model is effective in developing Attitude towards
Mathematics among ninth standard students as the post-test mean score is higher than
that of pre-test. The effect size (2.01), shows that the difference of the two mean scores
is 2.01 times the standard deviation. Also, the Information Processing Model has a

very large effect on Attitude towards Mathematics.

For the group taught with Present method of teaching, t-value obtained is 9.32,

indicating that the pre- and post-test mean scores in Attitude towards Mathematics of
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students taught with existing method differ significantly (p< .01). Hence the null
hypothesis ‘“There is no significant mean difference in pre-test and post-test scores on
Attitude towards Mathematics of group taught with Present method of teaching’ is

rejected.

At the initial level the mean score was 82.28 (< 96) but after learning through
Present method of teaching it has increased to 88.17 (< 96) but is negative among the

group taught with Present method of teaching.

A higher mean score for post-test indicates that the Present method of teaching
improves Attitude towards Mathematics of ninth standard students. As the effect size
obtained is 1.55, the difference of the two mean scores is 1.55 times the standard
deviation and the Present method of teaching has a very large effect on Attitude
towards Mathematics among ninth standard students. But the finding shows that the
Present method of teaching does not change the negative Attitude towards

Mathematics to positive among ninth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective to
improve Attitude towards Mathematics among ninth standard students, Art Integrated
Information Processing Model being the most effective one for developing positive
Attitude towards Mathematics. But students taught with Present method of teaching
is found to have a mean score indicating negative attitude. The initial mean score of
the third comparison group was significantly less than the other two groups and this
may be the reason for getting a mean score indicating negative attitude towards

Mathematics. As the post-test mean score indicates negative attitude towards
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Mathematics, Present method of teaching is not much effective for developing

positive Attitude towards Mathematics among ninth standard students.

Pairwise Comparison of Mean of Pre-test and Post-test Scores on Mathematics

Anxiety for the Three Groups of Ninth Standard Students

Comparison of mean scores obtained for the pre-test and post-test on
Mathematics anxiety of the three comparison groups were done using paired-test of

mean comparison for large samples. The null hypotheses tested are

‘There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of AIIPM group.’

‘There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of IPM group.’

‘There is no significant mean difference in the pre-test and post-test scores on

Mathematics anxiety of the group taught with Present method of teaching.’

The details of testing these hypotheses are given in table 49.

Table 49

Details of Paired t-test for Mathematics Anxiety for the Three Groups (Standard IX)

Variable Group Test Mean SD N Eifzeg t

Pre 93.79 848 34

AIIPM 13.5 2.32
Post 79.79 792 34
: Pre 99.94 6.14 34

Mathematlcs IPM 826 1.42
Anxiety Post 9144 6.79 34
Pre 9461 11.15 36

Group 3 7.04 1.17

Post  88.33 10.61 36
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Table 49, shows that the t-value obtained for Mathematics anxiety when the
pre-test and post-test mean scores are compared for the first comparison group
(AIIPM) is 13.5. A score greater than 2.58 indicates that the pre- and post-test mean
scores in Mathematics anxiety of students taught with Art Integrated Information
Processing Model differ significantly (p< .01). Hence, the null hypothesis ‘There is
no significant mean difference in pre-test and post-test scores on Mathematics anxiety

of AIIPM group’ is rejected.

A low mean score for post-test indicates that the Art Integrated Information
Processing Model decreases Mathematics anxiety of ninth standard students. The
effect size obtained is 2.32, so the mean difference of the two sets of scores is 2.32
times the standard deviation. A value greater than 1.3 reveals that the effect is very
large. That is, Art Integrated Information Processing Model has a very large effect on
Mathematics anxiety.

For the second comparison group (IPM), t-value obtained is 8.26, which is
greater than 2.58. The value indicates that the pre- and post-test mean scores in
Mathematics anxiety of students taught with the Information Processing Model differ
significantly (p< .01). Hence the null hypothesis ‘There is no significant mean
difference in pre-test and post-test scores on Mathematics anxiety of IPM group’ is

rejected.

A low mean score for post-test indicates that teaching with Information
Processing Model decreases Mathematics anxiety of ninth standard students. The

effect size obtained is 1.42, meaning that the mean difference is 1.42 times the
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standard deviation. It also indicates a very large effect. That is, teaching with [PM has

a very large effect on Mathematics anxiety.

For the group taught with Present method of teaching (Group 3), t-value
obtained for Mathematics anxiety when the pre-test and post-test mean scores are
compared is 7.04, which is greater than 2.58, indicating a significant difference in the
pre-test and post-test scores in Mathematics anxiety of students taught with present
method (p< .01). Hence the null hypothesis ‘There is no significant mean difference
in pre-test and post-test scores on Mathematics anxiety of group taught with Present

method of teaching’ is rejected.

A low mean score for post-test indicates that the Present method of teaching
decreases Mathematics anxiety among ninth standard students. The effect size
obtained is 1.17, meaning that the mean difference is 1.17 times the standard
deviation. An effect size of 1.17 indicates a large effect. That is, the Present method

of teaching has a large effect on Mathematics anxiety among ninth standard students.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective in
reducing Mathematics Anxiety among ninth standard students. Art Integrated
Information Processing Model and Information Processing Model have very large
effect and the Present method of teaching has large effect on Mathematics Anxiety
among ninth standard students. Also, the results indicate that Art Integrated
Information Processing Model is better than the other two teaching strategies for

reducing Mathematics anxiety among ninth standard students.
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Pairwise Comparison of Average Scores of Pre-test and Post-test on Achievement

in Mathematics for the Three Groups of Ninth Standard Students

The average (Median) scores of pre- and post-tests on Achievement in
Mathematics were compared for each group using Wilcoxon signed- rank test. The

null hypothesis tested is

‘Median of the differences between the pre- and post-tests scores on

Achievement in Mathematics is zero in the three Comparison groups.’

The details of the test are given in table 50.

Table 50

Details of Wilcoxon Signed - Rank Test for Achievement in Mathematics for the Three

Comparison Groups (Standard IX)

Variable Group Test Median N z Esfif;gt
Pre 0 34
AIIPM 5.09 .01 0.873
Post 12 34
; ; Pre 0 34
Achievementin 1,/ 510 01 0875
Mathematics Post 75 34
Pre 0 36
Group 3 5.24 .01 0.873
Post 6.5 36

Table 50, shows that the z-value obtained for Achievement in Mathematics
when the pre-test and post-test scores are compared for the first comparison group
(AITPM) is 5.09. The result shows that the median difference between pre-test and
post-test scores on Achievement in Mathematics of students taught with Art Integrated

Information Processing Model is non-zero (p<.01).
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For the second comparison group (IPM), z-value obtained is 5.10. The result
shows that the median of difference between pre-test and post-test scores on
Achievement in Mathematics of students taught with Information Processing Model

is non-zero (p<.01).

For the third comparison group, z-value obtained is 5.24 which shows that the
median of difference between pre-test and post-test scores on Achievement in
Mathematics of students taught with the Present method of teaching is non- zero
(p< .01). Hence the null hypothesis ‘Median of the differences between the pre- and
post-tests scores on Achievement in Mathematics is zero in three Comparison groups’

is rejected.

The effect size obtained in three groups are .873,.875 and .873 for the AIIPM,
IPM and group taught with Present method of teaching respectively. All these values
are greater than .8, suggesting that AIIPM, IPM, and Present method of teaching have
a large effect on Achievement in Mathematics. Almost equal values show that the

three treatments are equally effective in improving Achievement in Mathematics.

Discussion of Results. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching have a large effect on
Achievement in Mathematics among ninth standard students. Hence the three

treatments are equally effective in improving Achievement in Mathematics.
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Multiple Comparison of Average Post-test Scores on Select Mathematical

Outcomes among the Three Groups of Ninth Standard Students

The effect of the treatments on post-test scores on select Mathematical
outcomes was tested using MANCOVA with scores on Achievement in Mathematics

(pre-test) as covariate.

The assumptions of independence and random sampling are satisfied as the
sample is selected using probability sampling and the instruments are administered

ensuring independence in responding.

Multivariate Normality

Multivariate normality was established using the Shapiro-Wilk Multivariate
Normality test. The obtained Shapiro-Wilk statistics is .08 (p >.05), with a W statistic
of 0.978, which shows that the multivariate distribution does not significantly deviate

from normality.

Homogeneity of Covariance Matrices

To ensure the homogeneity of covariance matrices, Box’s test of equality of
covariance matrices was used. The obtained Box’s M statistic, x> value (20 df) is 36.2
(p< .05). Hence the select Mathematical outcomes, Problem solving ability in
Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics, and

Mathematics anxiety exhibit homogeneity of covariance matrices.



196 Analysis

When Achievement in Mathematics is included, the assumption of
homogeneity of covariance matrices was violated and hence this variable was

excluded from the list in executing MANCOVA

After ensuring assumptions, MANCOVA was executed to find out whether the
two comparison groups and the group taught with Present method of teaching differ
significantly in their Mathematical outcomes viz., Problem solving ability in
Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics and
Mathematics anxiety. Post-test scores on these variables were considered to test the
hypothesis ‘There is no significant difference among the three comparison groups on
the Mathematical Outcomes, viz., Problem solving ability in Mathematics,
Mathematics belief (Exploratory), Attitude towards Mathematics and Mathematics

anxiety.’

Details of the Multivariate analysis for the model using post-test scores are

given in table 51.

Table 51

Multivariate Test Result for the Model on Post-test Scores on Select Mathematical
Outcomes (Standard IX)

. Partial Eta
Value F Sig. Squared
Pillai's trace 90 20.09 .01 451
Wilks' lambda .29 20.99 .01 464

From table 51, it can be seen that the multivariate test performed implies the

model has significant effect on select Mathematical outcomes from both Pillai’s trace
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(.90), F (s, 198) = 20.09, and Wilk’s lambda (.29), F (s, 196) =20.99, p < .01. The effect

size represented by the partial eta squared indicates a large effect.

As the model is found to have significant effect on select Mathematical

outcomes, univariate analysis was done. The details are presented in table 52.

Table 52

Univariate Test Values for Post-test Scores on Problem Solving Ability in

Mathematics, Mathematics Belief (Exploratory), Attitude towards Mathematics and

Mathematics Anxiety (Standard IX)

Partial
Dependent Sum of df Mean F Si
Variable Squares Square & Eta
Squared

Problem Solving
ability in 570.25 2 285.13  31.56 01 387
Mathematics
Mathematics
Belief 83.8 2 41.9 4.59 .05 084
(Exploratory)
Attitude
Towards 5680.74 2 2840.37 57.64 01 535
Mathematics
Mathematics 254648 2 127324 1709 01 255
Anxiety

The difference in the mean score on Problem solving ability in Mathematics

(post-test) among the groups is significant at .01 level (F2,101) = 31.56, p <.01). The

partial eta squared is .387 which shows there is a high effect for the treatments on

Problem solving ability in Mathematics.
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In the case of Mathematics belief (Exploratory) among the three groups the
difference is significant (F 2,101) = 4.59, p <.05). The partial eta squared is .084 which
shows there is a moderate effect for the treatments on post - test scores on Mathematics

belief (Exploratory).

There is significant difference in the mean scores on Attitude towards
Mathematics (Post-test) among the groups under study (F 2,101y = 57.64, p <.01). The
partial eta squared is .535 which indicates a high effect for the treatments on Attitude

towards Mathematics.

In the case of post-test scores on Mathematics anxiety, the groups differ
significantly (F (2,101) = 17.09, p <.01). The value of partial eta squared shows (.255)

a high effect for the treatments on Mathematics anxiety.

These results reject the null hypothesis that ‘There is no significant difference
in the mean post-test scores among the three comparison groups on select
Mathematical Outcomes, viz., Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics and Mathematics anxiety’.
Significant mean differences for post- test scores are found in Problem solving ability
in Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics and

Mathematics anxiety.

As significant difference among the groups is reported for the variables
Problem solving ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics and Mathematics anxiety, Post-hoc analysis (Scheffe test) was

done. The details of the follow up analysis is given in table 53.
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Table 53

Mean Difference and Level of Significance as per Scheffe Post-hoc Test for Post-test
Scores on Problem solving ability in Mathematics, Mathematics Belief (Exploratory),
Attitude towards Mathematics and Mathematics Anxiety (Standard IX)

Present
Variable Group AIIPM IPM method of

teaching
AIIPM 3.24 5.67
Problem (_01) (.01)

Solving Ability

in Mathematics IPM 2.44
(.01)

‘ AIIPM 1.18 2.20
Malfhematlcs (NS) (.05)
Belief
(Exploratory)  PM 1.03

(NS)
235 16.13
Attitude AlIPM (NS) (.O 1)
towards
Mathematics IPM 15.89
(.01)
-11.65 -8.54
AIIPM
Mathematics (.01) (.01)
Anxiety 3.11
IPM
(NS)

In the case of Problem solving ability in Mathematics (post-test), the AIIPM
group differ significantly from IPM and group 3, IPM group differ significantly from
group 3 in their mean score. Art Integrated Information Processing Model,
Information Processing Model and Present method of teaching are effective for
improving Problem solving ability in Mathematics among ninth standard students, but
Art Integrated Information Processing Model is more effective than the other two

methods for improving Problem solving ability in Mathematics (Mean score of AIIPM
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group=13.56, IPM group=10.32, group taught with Present method of teaching

=7.89).

In the case of Mathematics belief (Exploratory) there is no significant
difference between the comparison groups, AIIPM and IPM as well as IPM and group
3, but significant difference exists between AIIPM group and group 3. Hence, for
developing Mathematics belief (Exploratory) among ninth standard students, Art
Integrated Information Processing Model is more effective than the Present method
of teaching (Mean score of AIIPM group=11.62, group taught with Present method of

teaching=9.42).

In the case of Attitude towards Mathematics (post-test) there is no significant
difference between the two comparison groups, AIIPM and IPM but significant
difference exists for AIIPM group and IPM group with group 3. Hence, for improving
Attitude towards Mathematics among ninth standard students, Art Integrated
Information Processing Model and Information Processing Model are more effective
than the Present method of teaching (Mean score of AIIPM group=104.29, IPM

group=104.06, group taught with Present method of teaching= 88.17).

In the case of Mathematics anxiety (post-test), the groups AIIPM group differ
significantly from IPM group and group taught with Present method of teaching. But
IPM and group taught with Present method of teaching do not differ significantly.
Hence, for reducing Mathematics anxiety among ninth standard students, Art
Integrated Information Processing Model is more effective than the Information

Processing Model and Present method of teaching (Mean score of AIIPM



Analysis 201

group=79.79, IPM group=91.44, Group taught with Present method of teaching

=88.33).

In the case of Achievement in Mathematics, Kruskal-Wallis test was executed
to know whether the groups differ in the post-test scores on Achievement in
Mathematics. The null hypothesis tested here is ‘the three groups are selected from
the same population with respect to Achievement in Mathematics (Post-test).” The
details are given in table 54.

Table 54

Details of Kruskal-Wallis Test for Post-test Scores on Achievement in Mathematics

(Standard IX)

Variable > df

Achievement in Mathematics 26.68 2

The y* value (2df) is 26.68, which is greater than the tabled value of x5, £5.991.

Hence the null hypothesis, ‘the three groups are selected from the same population
with respect to Achievement in Mathematics (Post-test)’ is rejected. That is the three

groups differ in the post-test scores on Achievement in Mathematics.

To determine which comparison groups, have statistically significant
difference in their post-test scores on Achievement in Mathematics, Post-hoc
comparison (Dwass-Steel-Critchlow-Fligner pairwise comparison) was done. The

results of the same are shown in table 55.
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Table 55

Details of Dwass-Steel-Critchlow-Fligner Pairwise Comparison Test (Post-hoc Test)

for Post-test Scores on Achievement in Mathematics (Standard IX)

Variable Group AIIPM IPM Group 3
5.35 6.80
Achievement AIIPM (.01) (.01)
in
Mathematics 2.28
IPM (NS)

Post-hoc analysis using Dwass-Steel-Critchlow-Fligner (Table 55) shows that
in the case of Achievement in Mathematics (post-test), AIIPM group differ
significantly from IPM group and the group taught with Present method of teaching.
But IPM group and group 3 do not differ significantly. Hence, for improving
Achievement in Mathematics among ninth standard students, Art Integrated
Information Processing Model is more effective than the Information Processing
Model and Present method of teaching (Median score of AIIPM group=12, IPM

group=7.5, Group taught with Present method of teaching=6.5).

Discussion of Results

Art Integrated Information Processing Model is more effective than the other
two methods for improving Problem solving ability in Mathematics, for developing
Mathematics belief (Exploratory), reducing Mathematics anxiety, and improving
achievement in Mathematics among ninth standard students. Also, for improving

Attitude towards Mathematics among ninth standard students Art Integrated
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Information Processing Model and Information Processing Model are equally

effective.

Multiple Comparison of Average Gain Scores on Select Mathematical Outcomes

among the Three Groups of Ninth Standard Students

As there are multiple select Mathematical outcomes MANOVA (Multivariate
Analysis of Variance) was executed to test whether the treatments have any effect on
select Mathematical outcomes using gain scores. Before performing MANOVA,
preliminary assumption testing was conducted for the variables, viz., Problem solving
ability in Mathematics, Mathematics belief (Exploratory), Attitude towards
Mathematics, and Mathematics anxiety to check for Independence, Random
sampling, Multivariate normality (Shapiro-Wilk statistics is .011 (p >.05), with a W
statistic of 0.967) and Homogeneity of covariance matrices (Box’s M statistic, x> value
(20 df) is 34.55 (p < .05) with no serious violations noted. When Achievement in
Mathematics is included, the assumption of homogeneity of covariance matrices was
violated and hence this variable was excluded from the list in the analysis by

MANOVA.

After ensuring assumptions, MANOVA was executed to find out whether the
three comparison groups differ significantly in their gain scores on select
Mathematical outcomes viz., Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics and Mathematics anxiety. Gain
scores on these variables were considered to test the hypothesis ‘There is no

significant difference in the mean gain scores among the three groups on select
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Mathematical Outcomes, viz., Problem solving ability in Mathematics, Mathematics

belief (Exploratory), Attitude towards Mathematics and Mathematics anxiety.

Details of the Multivariate analysis for the model using gain scores are given

in table 56.

Table 56

Multivariate Test Result for the Model on Gain Scores on Select Mathematical

Outcomes (Standard IX)

) Partial Eta
Value F Sig. Squared
Pillai's trace .84 17.92 .01 420
Wilks' lambda 25 24.09 .01 496

Table 56, shows that the multivariate test performed implies the model has
significant effect on select Mathematical outcomes from both Pillai’s trace (.84), F
@,198) = 17.92, and Wilk’s lambda (.25), F (s, 1969 =24.09, p < .01. The effect size

represented by the partial eta squared indicates a high effect.

As the model is found to have significant effect on select Mathematical
outcomes (gain Scores), univariate analysis was done. The details are presented in

table 57.
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Univariate Test Values for Gain Scores on Select Mathematical Outcomes, Problem

Solving Ability in Mathematics, Mathematics Belief (Exploratory), Attitude towards

Mathematics and Mathematics Anxiety (Standard 1X)

S ¢ M Partial
Dependent Variable umo df can F Sig Eta
Squares Square
Squared
Problem Solving ability 5 g 2 111.74 2418 .01 32
in Mathematics
Mathematics Belief
athematics Betie 24066 2 12033 2676 .01 35
(Exploratory)
Adtitude Towards 193956 2 969.78 36.17 .0l 42
Mathematics
Mathematics Anxiety 1096.19 2 548.10 16.31 .01 24

Table 57, shows that the difference in the mean gain scores on Problem solving

ability in Mathematics among the groups is significant at .01 level (F,101) = 24.18, p

<.01). The partial eta squared is .32 which shows there is a high effect for the

treatments on gain scores on Problem solving ability in Mathematics among ninth

standard students.

In the case of Exploratory beliefs about Mathematics (gain score) the three

groups differ significantly (F 2,101y =26.76, p<.01) at .01 level. The partial eta squared

is .35 which shows a high effect for the treatments on Mathematics belief

(Exploratory) among ninth standard students.

There is a significant difference in the mean gain scores on Attitude towards

Mathematics among the groups under study (F 2,101y = 36.17, p <.01). The partial eta
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squared is .42 which indicates a high effect for the treatments on Attitude towards

Mathematics among ninth standard students.

In the case of gain scores on Mathematics anxiety, the groups differ
significantly (F 2,101 = 16.31, p <.01). The value of partial eta squared shows (.24) a

high effect for the treatments on Mathematics anxiety.

These results reject the null hypothesis ‘There is no significant difference in
the mean gain scores among the three groups on select Mathematical Outcomes,
Problem solving ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics and Mathematics anxiety.” Significant differences in mean
scores of gain scores are found in the case of Problem solving ability in Mathematics,
Mathematics belief (Exploratory), Attitude towards Mathematics and Mathematics

anxiety among ninth standard students.

As significant difference among the groups is reported for the variables
Problem solving ability in Mathematics, Mathematics belief (Exploratory), Attitude
towards Mathematics and Mathematics anxiety, Post-hoc analysis (Scheffe test) was

done. The details of the follow up analysis is given in table 58.
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Table 58

Mean Difference and Level of Significance as per Scheffe Post-hoc Test for Problem
Solving Ability in Mathematics, Mathematics Belief (Exploratory), Attitude towards

Mathematics and Mathematics Anxiety (Standard 1X)

Present
Variable Group AIIPM IPM method of
teaching
AIIPM 2.77 3.38
Solving Ability
in Mathematics IPM 61
(NS)
AIIPM 3.41 3.05
Mathematics
.01 .01
Belief (0D (0D
(Exploratory)  [pMm --36
(NS)
5.03 10.52
towards
Mathematics IPM 5.49
.01
-5.50 -7.72
AIIPM
Mathematics (.01) (.01)
Anxiety -2.22
IPM
(NS)

In the case of Problem solving ability in Mathematics, the group, AIIPM differ
significantly from IPM group and group 3 in their mean gain score. But significant
difference does not exist between the IPM group and the group taught with Present
method of teaching (Group 3). Hence, Art Integrated Information Processing Model
is more effective than the Information Processing Model and Present method of
teaching for improving Problem solving ability in Mathematics (Mean score of AIIPM

group=6.26, IPM group=3.5 and Group 3=2.89).
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In the case of Mathematics belief (Exploratory) there is a significant difference
in mean gain score of AIIPM group from that of IPM group and group 3, but the
difference is not significant for IPM group and group taught with Present method of
teaching. Hence, for developing Mathematics belief (Exploratory) among ninth
standard students Art Integrated Information Processing Model is more effective than
the Information Processing Model and Present method of teaching (Mean score of

AIIPM group=4.97, IPM group=1.56, Group 3=1.92).

In the case of Attitude towards Mathematics, there is significant difference in
mean gain scores of the AIIPM group with that of IPM group and the group taught
with Present method of teaching, also IPM group and group taught with Present
method of teaching differ significantly in their mean gain scores on Attitude towards
Mathematics. Hence, for improving Attitude towards Mathematics among ninth
standard students, Art Integrated Information Processing Model is more effective than
the Information Processing Model and Present method of teaching (Mean score of

AIIPM group=16.4, IPM group=11.4, Group 3=5.89)

In the case of Mathematics anxiety, the groups AIIPM and IPM as well as
AIIPM group and group taught with Present method of teaching differ significantly in
the mean gain scores. But IPM group and group taught with Present method of
teaching do not differ significantly in their mean gain scores on Mathematics Anxiety.
Hence, for reducing Mathematics anxiety among ninth standard students, Art
Integrated Information Processing Model is more effective than the Information
Processing Model and Present method of teaching (Mean score of AIIPM group= -14,

IPM group= -8.5, Group 3= -6.28).
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In the case of Achievement in Mathematics, Kruskal-Wallis test was executed
to know whether the groups differ in the gain scores on Achievement in Mathematics.
The null hypothesis tested here is ‘The three groups are selected from the same
population with respect to Achievement in Mathematics (gain scores).” The details are

given in table 59.

Table 59

Details of Kruskal-Wallis Test for Gain Scores on Achievement in Mathematics

(Standard IX)

Variable v df

Achievement in Mathematics 26.1 2

The ¥ value (2df) is 26.1, which is greater than the tabled value of x3, £5.991.

Hence the null hypothesis, ‘the three groups are selected from the same population
with respect to Achievement in Mathematics (gain scores)’ is rejected. That is, the

three groups are different in the median gain scores on Achievement in Mathematics.

To determine which of the comparison groups differ significantly in their
median gain scores on Achievement in Mathematics, Post-hoc comparison (Dwass-
Steel-Critchlow-Fligner pairwise comparison) was done. The results of the same are

shown in table 60.
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Table 60

Details of Dwass-Steel-Critchlow-Fligner Pairwise Comparison Test( Post-hoc Test)

for Gain Scores on Achievement in Mathematics (Standard IX)

Variable Group AIIPM IPM Group 3
5.53 6.64
Achievement AlIPM (.01) (01)
in
Mathematics IPM 1.90
(NS)

Post-hoc analysis using Dwass-Steel-Critchlow-Fligner (Table 60) shows that
in the case of Achievement in Mathematics (gain score), AIIPM group differ
significantly from IPM group and the group taught with Present method of teaching
in the median gain scores. But IPM and group taught with Present method of teaching
do not differ significantly. Hence, for improving Achievement in Mathematics among
ninth standard students, Art Integrated Information Processing Model is more
effective than the Information Processing Model and Present method of teaching

(Median score of AIIPM group=12, IPM group=7, Group 3=6).

Discussion of Results

Art Integrated Information Processing Model is more effective than the other
two methods for improving Problem solving ability in Mathematics, for developing
Mathematics belief (Exploratory), reducing Mathematics anxiety, developing a
positive Attitude towards Mathematics and improving achievement in Mathematics

among ninth standard students.
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Analysis of Standard Scores of Both Eighth and Ninth Standard Students

To get an overall result of the treatments on select Mathematical outcomes
among secondary school students, MANOVA was executed on standard scores.
Standard scores were calculated as both eighth and ninth standard students were
included for the study. Here the comparison groups are constituted as AIIPM group
(group taught with Art Integrated Information Processing Model including both eighth
and ninth standard students), IPM group (group taught with Information Processing
Model including both eighth and ninth standard students) and Group 3, the group
thought with the Present method of teaching Mathematics, both of eighth and ninth

standard students.

Multiple Comparison of Average Standard Scores on Select Mathematical

Outcomes among the Three Groups of Secondary School Students (Total Sample)

As there are multiple select Mathematical outcomes MANOVA (Multivariate
Analysis of Variance) was executed to establish the effects of the treatments have any

effect on select Mathematical outcomes using standard scores.

Assumptions for MANOVA viz.,, Independence, Random sampling,
Multivariate normality (Shapiro-Wilk statistics is .03 (p >.01), with a W statistic of
0.986) and Homogeneity of covariance matrices (Box’s M statistic, x> value (20 df) is
17.49 (p >.05) were ensured. When Attitude towards Mathematics and Achievement
in Mathematics are included, the assumption of homogeneity of covariance matrices
was violated and hence these variables were excluded from the list in the analysis by

MANOVA.
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After ensuring assumptions, MANOVA was executed to find out whether the
three groups differ significantly in their Mathematical outcomes viz., Problem solving
ability in Mathematics, Mathematics belief (Exploratory) and Mathematics anxiety.
The hypothesis tested is “There is no significant difference in the mean standard scores
among the three groups on select Mathematical Outcomes, viz., Problem solving

ability in Mathematics, Mathematics belief (Exploratory) and Mathematics anxiety.’

Details of the Multivariate analysis for the model using standard scores are
given in table 61.

Table 61

Multivariate Test Result for the Model on Standard Scores on Select Mathematical

Outcomes
Value F Sig. Partial Eta Squared
Pillai's trace .29 11.74 .01 .143
Wilks' lambda 73 12.00 .01 .146

Table 61, shows that the multivariate model has significant effect on select
Mathematical outcomes by both Pillai’s trace (.29), F (6.422)= 11.74, and Wilk’s lambda
(.73), F (6, 4200 =12.00, p < .01. The effect size represented by the partial eta squared

indicates a high effect.

As the model is found to have significant effect on select Mathematical

outcomes, univariate analysis was done. The details are presented in table 62.
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Table 62

Univariate Test Values for Problem Solving Ability in Mathematics, Mathematics
Belief (Exploratory) and Mathematics Anxiety (Standard Score)

S ¢ M Partial

) um o ean .

Dependent Variable Squares Square Sig Eta
Squared

Problem Solving ability in

Mathematics 36.31 2 18.15 21.87 .01 17

Mathematics Belief
(Exploratory)

Mathematics Anxiety 23.53 2 11.76 15.14 .01 13

6.86 2 343 355 .05 .032

The difference in the mean standard scores on Problem solving ability in
Mathematics among the groups is significant at .01 level (F212) = 21.87, p < .01).
The partial eta squared is .17 which shows a high effect for the treatments on Problem

solving ability in Mathematics among secondary school students.

In the case of Exploratory belief about Mathematics the three comparison
groups differ significantly (F (2212) = 3.55, p < .05) in the mean standard score. The
partial eta squared is .032 which means there is only a low effect for the treatments on

Mathematics belief (Exploratory).

In the case of standard scores on Mathematics anxiety, the groups differ
significantly (F ,212) = 15.14, p <.01). The value of partial eta squared shows (.13) a

moderate effect for the treatments on Mathematics anxiety.

These results reject the null hypothesis ‘There is no significant difference in
the standard scores among the three groups on select Mathematical Outcomes, viz.,

Problem solving ability in Mathematics, Mathematics belief (Exploratory), and
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Mathematics anxiety.” Significant differences are found in the case of Problem solving

ability in Mathematics, Mathematics belief (Exploratory), and Mathematics anxiety

among secondary school students.

As significant differences among the groups are reported for the variables

Problem solving ability in Mathematics, Mathematics belief (Exploratory), and

Mathematics anxiety, Post-hoc analysis (Scheffe test) was done, the details of which

is given in table 63.

Table 63

Mean Difference and Level of Significance as per Scheffe Post-hoc Test for Standard

Scores on Problem Solving Ability in Mathematics, Mathematics Belief (Exploratory),

and Mathematics Anxiety

Present
Variable Group AIIPM IPM method of
teaching
ATIPM .34 .98
Problem (NS) (.01)
Solving Ability
in Mathematics IPM 65
.01
Mean Score 0.45 0.12 -0.53
. AIIPM .38 .39
Mathematlcs (NS) (NS)
Belief
(Exploratory) IPM 007
(NS)
Mean Score 0.266 -0.112 -0.119
-74 -.66
AIIPM
Mathematics (.0D) (.01)
Anxiety 08
IPM
(NS)
Mean Score -0.454 0.29 0.203




Analysis 215

In the case of Problem solving ability in Mathematics (standard scores), both
AIIPM and IPM groups differ significantly from Group 3. The difference in mean
standard scores on Problem solving ability in Mathematics is not significant between
the groups AIIPM and IPM. Hence, Art Integrated Information Processing Model and
Information Processing Model are more effective than the Present method of teaching
for improving Problem solving ability in Mathematics (Mean score of AIIPM

group=0.45, IPM group=0.12 and Group 3= -0.53) among secondary school students.

In the case of Mathematics belief (Exploratory) there is no significant
difference in the standard scores among the comparison groups, AIIPM, IPM and
group taught with Present method of teaching. Hence, for developing Mathematics
belief (Exploratory) among secondary students the three methods are equally

effective.

AIIPM group differ significantly from IPM group and Group 3 in the mean
standard score on Mathematics anxiety. But IPM group do not differ significantly from
group 3in the mean standard score on Mathematics anxiety. Hence, for reducing
Mathematics anxiety among secondary school students, Art Integrated Information
Processing Model is more effective than the Information Processing Model and
Present method of teaching (Mean score of AIIPM group= -.0.454, IPM group=0.29,

Group 3=0.203).

In the case of Attitude towards Mathematics and Achievement in Mathematics,

Kruskal-Wallis test was executed to know whether the groups differ in the standard
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scores on Attitude towards Mathematics and Achievement in Mathematics. The null
hypothesis tested here are
‘The three groups are selected from the same population with respect to

Attitude towards Mathematics (standard scores).’

‘The three groups are selected from the same population with respect to

Achievement in Mathematics (standard scores).’

The details are given in table 64.

Table 64

Details of Kruskal-Wallis Test for Standard Scores on Attitude towards Mathematics

and Achievement in Mathematics

Variable > df p
Attitude towards
Mathematics 43.6 2 01

Achievement in

Mathematics 23.6 2 01

For Attitude towards Mathematics, the x2 value (2df) is 43.6, which is greater
than the tabled value of y%qr 5.991. Hence the null hypothesis, ‘the three groups are
selected from the same population with respect to Attitude towards Mathematics
(standard scores)’ is rejected. i.e., the three groups are different in the standard scores

on Attitude towards Mathematics.

In the case of Achievement in Mathematics, the obtained X2 value (2df) is 23.6,
which is greater than the tabled value of x3, £ 5.991. Hence the null hypothesis, ‘the

three groups are selected from the same population with respect to Achievement in
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Mathematics (standard score)’ is rejected. i.e., the three groups are different in the

standard scores on Achievement in Mathematics.

To determine which of the comparison groups showed statistically significant
difference in their standard scores with regard to Attitude towards Mathematics and
Achievement in Mathematics, Post-hoc comparison (Dwass-Steel-Critchlow-Fligner

pairwise comparison) were done. The results of the same are shown in table 65.

Table 65

Details of Dwass-Steel-Critchlow-Fligner Pairwise Comparison Test (Post-hoc Test)

for Standard Scores on Attitude towards Mathematics and Achievement in

Mathematics
Variable Group AIIPM IPM Group 3
-0.230 -8.09
Attitude AllPM (NS) (01)
towards
Mathematics IPM 77
(.01)
-5.78 -6.14
Achievement AlIPM (.01) (.01)
in
Mathematics IPM 020
(NS)

Post-hoc analysis using Dwass-Steel-Critchlow-Fligner (Table 65) shows that
in the case of Attitude towards Mathematics (standard scores), AIIPM and IPM groups
differ significantly from group 3 in their Attitude towards Mathematics but AIIPM
group does not differ significantly from IPM group in median standard scores on
Attitude towards Mathematics. Hence, for improving Attitude towards Mathematics

among secondary school students, Art Integrated Information Processing Model and
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Information Processing Model are more effective than the Present method of teaching

(Median score of AIIPM group =0.22, IPM group =0.15, Group 3 = -0.89).

In the case of Achievement in Mathematics (standard scores), post-hoc
analysis using Dwass-Steel-Critchlow-Fligner (Table 65) shows that AIIPM group
differ significantly from IPM group and the group taught with Present method of
teaching in their median standard score. But IPM and group taught with Present
method of teaching do not differ significantly in the median standard score on
Achievement in Mathematics. Hence, for improving Achievement in Mathematics
among secondary school students, Art Integrated Information Processing Model is
more effective than the Information Processing Model and Present method of teaching
(Median score of AIIPM group=0.26, IPM group = -0.34, Group taught with Present

method of teaching=-0.14).

Discussion of Results

Art Integrated Information Processing Model and Information Processing
Model are effective for improving Problem solving ability in Mathematics and
developing a positive Attitude towards Mathematics among secondary school
students. Art Integrated Information Processing Model is effective for reducing
Mathematics anxiety, and improving Achievement in Mathematics among secondary
school students. Also, for developing Mathematics belief (Exploratory) among

secondary school students the three teaching strategies are equally effective.
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Conclusion

Art Integrated Information Processing Model is effective to bring out Problem
solving ability in Mathematics (very large effect), Exploratory Mathematics belief
(large effect) Attitude towards Mathematics (very large effect), reducing Mathematics
anxiety (very large) and to enhance Achievement in Mathematics (large effect) among
eighth standard students. It is equally effective to bring out these outcomes among
ninth standard too, the effectiveness being very large for Problem solving ability in
Mathematics, Exploratory Mathematics belief, Attitude towards Mathematics,
reducing Mathematics anxiety and large effect for enhancing Achievement in

Mathematics.

Information Processing Model has a very large effect on Problem solving
ability in Mathematics, Attitude towards Mathematics and reducing Mathematics
anxiety whereas the effect is large in the case of Achievement in Mathematics among
eighth and ninth standard students. For developing exploratory Mathematics belief, it
has a large effect for eighth standard students, but only a moderate effect for ninth

standard students.

Present method of teaching has large effect on exploratory Mathematics belief,
reducing Mathematics anxiety and improving Achievement in Mathematics as well as
a very large effect on Attitude towards Mathematics among eighth and ninth standard
students. For developing Problem solving ability in Mathematics, it has very large
effect for ninth standard students, but only a moderate effect for eighth standard

students.
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The findings shows that the Art-Integrated Information Processing Model is
effective in enhancing select Mathematical outcomes, viz., Problem Solving Ability
in Mathematics, Mathematics belief (Exploratory), Attitude towards Mathematics,
Achievement in Mathematics, and reduced Mathematics Anxiety among secondary

school students.
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SUMMARY, FINDINGS AND CONCLUSION

This chapter provides an overview of the research, under the headings Study
in Retrospect, Major Findings of the Study, Tenability of Hypotheses and Conclusion

of the Study.
Study in Retrospect

It outlines various stages and facets of the current study, encompassing the

Title, Variables, Objectives, Hypotheses, and Methodology used.
Restatement of the Problem

The study was an attempt to find out the effectiveness of Art Integrated
Information Processing Model in enhancing select Mathematical outcomes, viz.,
Problem Solving Ability in Mathematics, Mathematics Belief (Exploratory), Attitude
towards Mathematics, Achievement in Mathematics and in reducing Mathematics

Anxiety among secondary school students.

The study was titled as “EFFECTIVENESS OF ART INTEGRATED
INFORMATION PROCESSING MODEL IN ATTAINING MATHEMATICAL

OUTCOMES AMONG SECONDARY SCHOOL STUDENTS.”



222 Summary

Variables of the Study

The treatment variable of the study was method of teaching with three levels
viz., Art Integrated Information Processing Model, Information Processing Model and
Present method of teaching Mathematics. The dependent variable was select
Mathematical outcomes viz., Problem solving ability in Mathematics, Mathematics
belief (Exploratory), Attitude towards Mathematics, Mathematics anxiety and

Achievement in Mathematics.

Objectives of the Study

The following were the objectives of the study

1. To find out the effectiveness of Art Integrated Information Processing Model

on select Mathematical outcomes among secondary school students.

2. To find out the effectiveness of Information Processing Model on select

Mathematical outcomes among secondary school students.

3. To find out the effectiveness of Present method of teaching Mathematics on

select Mathematical outcomes among secondary school students.

Hypotheses of the Study

Following hypotheses were formulated for the study

1. There will be significant difference in the average pre-test and post-test scores

on select Mathematical outcomes for the three comparison groups.
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2. There will be significant difference in the average post-test scores on select

Mathematical outcomes among the three comparison groups.

3. There will be significant difference in the average gain scores on select

Mathematical outcomes among the three comparison groups.

4. There will be significant difference in the average standard scores on select
Mathematical outcomes among secondary school students taught through Art
Integrated Information Processing Model, Information Processing Model and

Present method of teaching Mathematics.

The first hypothesis was tested for each Mathematical outcome separately for
the three comparison groups both for eighth and ninth standard students, the second
and third hypotheses were tested for each Mathematical outcome separately for eighth
and ninth standard students, and the fourth hypothesis was tested for each

Mathematical outcome for the total group.

Methodology

Design of the Study

The present study followed quasi-experimental pre-test-post-test comparison
group design with three unequal groups. To find out the effectiveness of Art Integrated
Information Processing Model (AIIPM), effectiveness of Information Processing
Model and Present method of teaching Mathematics in enhancing select Mathematical
outcomes were compared with that of Art Integrated Information Processing Model.
Hence the three comparison groups were the groups taught with AIIPM, IPM and

Present method of teaching Mathematics. The three comparison groups were selected
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from eighth and ninth standard students separately and the study was conducted both

for eighth and ninth standards.

Internal and External Validity of the Experimental Design

To ensure internal validity of the experiment conducted among eighth standard
students the mean pre-test score on each Mathematical outcomes was compared

among the three groups.

Though significant difference (p< .05) was observed among the groups in
Problem solving ability in Mathematics and Mathematics anxiety, the post-hoc
analysis showed that the difference in Problem solving ability in Mathematics is
between AIIPM and IPM groups with a higher score for IPM group, which will not
affect the findings of the study. No significant difference was observed for AIIPM and
IPM groups with the group taught with the Present method of teaching in Problem
solving ability in Mathematics. In the case of Mathematics anxiety, higher score on
anxiety was observed for IPM group. The other Mathematical outcomes, Mathematics
belief, Attitude towards Mathematics and Achievement in Mathematics are found to

be not significantly differing among the three comparison groups.

The groups for the experiment were selected randomly and the three groups
were of the same nature with regard to gender, socio-economic status, aptitude and
size of the group. This was ensured as the school has no practice of homogeneous
grouping with regard to any of the factors that may affect the experiment. The time of
intervention for the three groups were same as the classes were arranged based on the

regular time table followed in the school.
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The problem of statistical regression was resolved as any of the comparison

groups do not have a very high or low values in the pre-test scores.

Also, the experiment was replicated with another set of comparison groups of
ninth standard students. No remarkable difference in the entry behaviour (Pre- test
score on Problem Solving Ability in Mathematics, Mathematics Belief, Attitude
towards Mathematics and Mathematics Anxiety) of the comparison groups of ninth
standard was identified that may affect the results of the study, but significant
difference in entry level Achievement in Mathematics was reported influence of

which was controlled statistically using MANCOVA.

The external validity of the experiment was ensured to some extent by
selecting the groups randomly for the interventions. The results are generalizable as
the groups are true representation of a typical secondary school students studying in
Government/ Aided schools in Kerala. It is expected that interaction among students
will not affect the treatment as the interventions are made as part of regular classroom
teaching without highlighting the difference in approach. Also, as the interventions
are made as part of regular classroom activities, the results will not be context based,

increasing the generalizability of the results.

The experiment has construct validity as the variables measured and the
interventions adopted have enough theoretical background. The dependent variable
Mathematical outcomes was clearly defined as cognitive and affective learning
outcomes of Mathematics and important learning outcomes like Problem solving
Ability in Mathematics, Mathematics belief, Attitude Towards Mathematics,

Mathematics Anxiety and Achievement in Mathematics were selected as
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Mathematical outcomes. These variables were measured using separate instruments

with sufficient validity and reliability.
Participants of the Study

The population under study was secondary school students of Kerala. The
sampling frame included students studying in standard VIII and IX. The experiment
was conducted separately for students of standard VIII and IX. For the conduct of the
study, AIIPM, IPM groups and group to be taught with Present method of teaching as
three comparison groups for each level (8" and 9" standard) were needed. The
participants of the study were 215 students, 111 from 8" standard and 104 from 9

standard of HSS Arimpur, Thrissur.
Instruments Used for the Study
Following tools and materials were used for collecting data for the study.

a) Mathematics Belief inventory (Saritha & Vijayakumari, 2019)

b) Test of Problem-Solving Ability in Mathematics (Rinsa & Sumangala, 2008)

c) Scale of Attitude towards Mathematics (Saheedali & Vijayakumari, 2013)

d) Mathematics Anxiety Scale (Malini & Sumangala, 1996; Re-standardized by
Midhundas & Vijayakumari,2017)

e) Achievement tests in Mathematics (Saritha & Vijayakumari, 2019)

f) Teaching Manual based on Art Integrated Information Processing Model
(Saritha & Vijayakumari, 2019)

g) Teaching Manual based on Information Processing Model (Saritha &

Vijayakumari, 2019)
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h) Teaching Manual based on Present method of teaching (Saritha &

Vijayakumari, 2019)

Statistical Techniques Used

Following statistical techniques were used for analysing the data.

° Preliminary Analysis
° One way ANOVA

° Kruskal-Wallis Test

° Paired t-test
° Multivariate Analysis
° Post-hoc Test (Tukey Method, Dwass-steel-Critchlow-Fliger pairwise

comparison test)

Major Findings of the Study

The major findings of the study are given below.

Pairwise Comparison of Average Pre-test and Post-test Scores on Select

Mathematical outcomes among the Three Groups of Eighth Standard Students

1. The pre-test and post-test mean scores on Problem solving ability in

Mathematics of

1. Students taught with Art Integrated Information Processing Model

differ significantly (t=10.69, p<.01) with a very large effect (d=1.782)

il. Students taught with Information Processing Model differ significantly

(t=7.92, p<.01) with a very large effect (d=1.32).
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iii. Students taught with Present method of teaching differ significantly

(t=3.83, p<.01) with a moderate effect (d=0.614).

2. The pre-test and post-test mean scores on Mathematics belief (Exploratory) of

1. Students taught with Art Integrated Information Processing Model

differ significantly (t=5.52, p< .01) with a large effect (d=0.92).

il. Students taught with Information Processing Model differ significantly

(t=6.13, p<.01) with a large effect (d=1.02).

1ii. Students taught with Present method of teaching differ significantly

(t=6.05, p< .01) with large effect (d=0.969).

3. The pre-test and post-test mean scores on Attitude towards Mathematics of

1. Students taught with Art Integrated Information Processing Model

differ significantly (t=8.44, p<.01) with a very large effect (d=1.406).

il. Students taught with Information Processing Model differ significantly

(t=14.98, p< .01) with a very large effect (d=2.50).

1ii. Students taught with Present method of teaching differ significantly

(t=11.07, p< .01) with a very large effect (d=1.773).

4. The pre-test and post-test mean scores on Mathematics anxiety of

i. Students taught with Art Integrated Information Processing Model

differ significantly (t=9.75, p< .01) with a very large effect (d=1.626).

ii. Students taught with Information Processing Model differ significantly

(t=11.52, p<.01) with a very large effect (d=1.92).
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iii. Students taught with Present method of teaching differ significantly

(t=6.58, p< .01) with a large effect (d=1.054).

5. The pre-test and post-test median scores on Achievement in Mathematics of

1. Students taught with Art Integrated Information Processing Model

differ significantly (z=5.24, p< .01) with a large effect (d=.873).

il. Students taught with Information Processing Model differ significantly

(z=5.24, p< .01) with a large effect (d=.873).

1ii. Students taught with Present method of teaching differ significantly

(z=5.46, p< .01) with a large effect (d=.874).

Multiple Comparison of Average of Post-test Scores on Select Mathematical

outcomes among the Three Comparison Groups of Eighth Standard Students

1. There exists significant difference in the mean score on Problem solving
ability in Mathematics (post-test) among the groups (F2,108) = 4.59, p < .05)
with moderate effect (partial eta squared .08). Significant difference exists
between IPM group and group 3. Information Processing Model being more
effective than the Present method of teaching (Mean score of IPM
group=10.69, group taught with Present method of teaching=8.67) in
developing Problem solving ability in Mathematics among eighth standard

students.
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2. There exists no significant difference in the post-test mean scores on
Mathematics belief (Exploratory) among groups AIIPM, IPM and group

taught with Present method of teaching (F 2,108y = 1.54, p > .05).

3. There exists significant difference in the mean scores on Attitude towards
Mathematics (Post-test) among the groups (F 2,108y = 4.58, p <.05) with
moderate effect (partial eta squared .08). Significant difference exists only
between IPM group and group taught with Present method of teaching.
Information Processing Model is more effective than the Present method of
teaching (Mean score of IPM group=109.03, group taught with Present
method of teaching=101.51) in developing Attitude towards Mathematics

among eighth standard students.

4. In the case of post-test scores on Mathematics anxiety, the groups differ
significantly (F,108) = 5.64, p < .01) with moderate effect (partial eta squared
.095). The AIIPM group differ significantly with IPM group and group taught
with Present method of teaching. Art Integrated Information Processing Model
is more effective than the Information Processing Model and Present method
of teaching (Mean score of AIIPM group=72.67, IPM group=81.33, Group
taught with Present method of teaching=82.23) in reducing Mathematics

anxiety among eighth standard students.

5. There exists no significant difference in the post-test median scores on
Achievement in Mathematics among groups AIIPM, IPM and group taught

with Present method of teaching (x54 F=4.34,p>.01).
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Multiple Comparison of Average Gain Scores on Select Mathematical Outcomes

among the Three Comparison Groups of Eighth Standard Students

1. The difference in the mean gain scores on Problem solving ability in
Mathematics among the groups is significant (F,108) = 15.37, p <.01) with
high effect (partial eta squared .22). Significant difference exists between
Group 3 and AIIPM group as well as IPM group. Art Integrated Information
Processing Model and Information Processing Model are more effective than
the Present method of teaching (Mean score of AIIPM group=3.86, IPM group
=2.89 and group taught with Present method of teaching=1.21) for developing

Problem solving ability in Mathematics among eighth standard students.

2. There is no significant difference in the mean gain scores on Mathematics
belief (exploratory) among AIIPM, IPM groups and group taught with Present

method of teaching (F 2,108y = 1.11, p > .05) of eighth standard students.

3. There is significant difference in the mean gain scores on Attitude towards
Mathematics among three comparison groups (F (2,108) = 3.6, p <.05) with a
moderate effect (partial eta squared .06). Significant difference exists only
between IPM group and group taught with Present method of teaching.
Information Processing Model is more effective than the Present method of
teaching in developing Attitude towards Mathematics among eighth standard
students (Mean score of IPM group=16.64, group taught with Present method

of teaching=11.69).
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4. In the case of Mathematics anxiety, there exists significant difference among
the groups on mean gain scores (F 2,108y = 14.85, p <.01) with moderate effect
(partial eta squared .22). Group 3 differ significantly from the groups AIIPM
and IPM. Art Integrated Information Processing Model and Information
Processing Model are more effective than the Present method of teaching
(Mean score of AIIPM group=-14.75, IPM group=-16.03, Group taught with
Present method of teaching= -6.80) to reduce Mathematics anxiety among

eighth standard students.

5. The groups do not differ significantly in the median gain score on
Achievement in Mathematics (ngf =4.24, p > .01) among eighth standard

students.

Pairwise Comparison of Average of Pre-test and Post-test on Select

Mathematical Outcomes among the Three Groups of Ninth Standard Students

1. The pre-test and post-test mean scores on Problem solving ability in

Mathematics of students taught with

1. Art Integrated Information Processing Model differ significantly

(t=14.6, p< .01) with a very large effect (d=2.5).

il. Information Processing Model differ significantly (t= 9.31, p< .01)

with a very large effect (d=1.6).

1ii. Present method of teaching differ significantly (t=10.18, p<.01) with

a very large effect (d=1.70).
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The pre-test and post-test mean scores on Mathematics belief (Exploratory) of

students taught with

il.

iii.

Art Integrated Information Processing Model differ significantly

(t=12.6, p< .01) with a very large effect (d=2.16).

Information Processing Model differ significantly (t=3.89, p< .01)

with a moderate effect (d=0.67).

Present method of teaching differ significantly (t=6.85, p< .01) with

large effect (d=1.14).

The pre-test and post-test mean scores on Attitude towards Mathematics of

students taught with

ii.

1il.

Art Integrated Information Processing Model differ significantly

(t=16.3, p<.01) with a very large effect (d=2.79).

Information Processing Model differ significantly (t=11.7, p< .01)

with a very large effect (d=2.01).

Present method of teaching differ significantly (t=9.32, p< .01) with a

very large effect (d=1.55).

The pre-test and post-test mean scores on Mathematics anxiety of students

taught with

1.

Art Integrated Information Processing Model differ significantly

(t=13.5, p<.01) with a very large effect (d=2.32).
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ii. Information Processing Model differ significantly (t=8.26, p< .01)

with a very large effect (d=1.42).

1ii. Present method of teaching differ significantly (t=7.04, p< .01) with a

large effect (d=1.17).

5. The pre-test and post-test median scores on Achievement in Mathematics of

students taught with

1. Art Integrated Information Processing Model differ significantly

(z=5.09, p<.01) with a large effect (d=.873).

ii. Information Processing Model differ significantly (z=5.10, p< .01)

with a large effect (d=.875).

iil. Present method of teaching differ significantly (z=5.24, p< .01) with

a large effect (d=.873).

Multiple Comparison of Average Post-test Scores on Select Mathematical

Outcomes among the Three Groups of Ninth Standard Students

1. The difference in the mean score on Problem solving ability in Mathematics
(post-test) among the groups is significant (F2,101) = 31.56, p <.01), with high
effect (partial eta squared .387). Significant difference exists between all three
groups. Art Integrated Information Processing Model is more effective than
the other two methods of teaching for improving Problem solving ability in
Mathematics among ninth standard students (Mean score of AIIPM=13.56,

IPM group=10.32, group taught with Present method of teaching=7.89).
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There exists significant difference in the mean post-test scores on Mathematics
belief (Exploratory) among the groups is significant (F (2,101) = 4.59, p < .05)
with a moderate effect (partial eta squared .084). Significant difference exists
between the AIIPM group and the group taught with Present method of
teaching. Art Integrated Information Processing Model is more effective than
the Present method of teaching (Mean score of AIIPM group=11.62, group
taught with Present method of teaching=9.42) for developing Mathematics

belief (Exploratory) among ninth standard students.

There is significant difference in the mean scores of Attitude towards
Mathematics (Post-test) among the three groups (F (2,101) =57.64, p <.01) with
high effect (partial eta squared = .535). Significant difference exists between
AIIPM group and IPM group with group 3. Art Integrated Information
Processing Model and Information Processing Model are more effective than
the Present method of teaching (Mean score of AIIPM group = 104.29, IPM
group=104.06, group taught with Present method of teaching=88.17) for

improving attitude towards Mathematics among ninth standard students.

In the case of post-test scores on Mathematics anxiety, the groups differ
significantly (F,101 = 17.09, p < .01) with high effect (partial eta squared =
.255). AIIPM group differ significantly from IPM group and group 3. Art
Integrated Information Processing Model is more effective than the
Information Processing Model and Present method of teaching for reducing

Mathematics anxiety among ninth standard students (Mean score of AIIPM
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group=79.79, IPM group=91.44, Group taught with Present method of

teaching=88.33).

5. The group taught with AIIPM differ significantly in the median of post-test
scores on Achievement in Mathematics from the groups taught with IPM and
the Present method of teaching ( x%df: 26.68, p <.01). The median score of
post-test in Achievement in Mathematics is higher for AIIPM group compared
to IPM and group taught with Present method of teaching (Median score of
AIIPM group=12, IPM group=7.5, Group taught with Present method of

teaching=6.5).

Multiple Comparison of Average Gain Scores on Select Mathematical outcomes

among the Three groups of Ninth Standard Students

1. The difference in the mean gain score on Problem solving ability in
Mathematics among the groups is significant (F,101) = 24.18, p <.01) with
high effect (partial eta square .32). Significant difference exists for AIIPM
group with IPM group and group 3. Art Integrated Information Processing
Model is more effective than the IPM and Present method of teaching (Mean
score of AIIPM group=6.26, IPM group = 3.5 and group taught with Present
method of teaching=2.89) for improving Problem solving ability in

Mathematics among ninth standard students.

2. There exists significant difference in the mean gain score on Mathematics
belief (Exploratory) among students taught with AIIPM and IPM as well as

Group 3 (F 2,101) = 26.76, p <.01) with high effect (partial eta square = .35).
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Art integrated, Information Processing Model is more effective than the
Information Processing Model and Present method of teaching (Mean gain
score of AIIPM group=4.97, IPM group=1.56, group taught with Present
method of teaching=1.92) for developing Mathematics belief (Exploratory)

among ninth standard students.

There is significant difference in the mean gain scores of Attitude towards
Mathematics among three comparison groups (F 2,101) = 36.17, p <.01) with a
high effect (partial eta squared .42). Significant difference exists for AIIPM
group with IPM group, and group taught with Present method of teaching, and
IPM and group taught with Present method of teaching. For developing
Attitude towards Mathematics among ninth standard students, Art Integrated
Information Processing Model is more effective than the Information
Processing Model and Present method of teaching (Mean score of AIIPM
group=16.4, IPM group=11.4, group taught with Present method of

teaching=5.89)

There exists significant difference in the mean gain scores on Mathematics
anxiety, for AIIPM group with IPM group and group taught with Present
method of teaching (F (2,101 = 16.31, p <.01) with a high effect (partial eta
squared .24). For reducing Mathematics anxiety among ninth standard
students Art Integrated Information Processing Model is more effective than
and Information Processing Model and the Present method of teaching (Mean
score of AIIPM group= -14, IPM group= -8.5, Group taught with Present

method of teaching= -6.28).
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5. There exists significant difference in the median gain scores on Achievement
in Mathematics for AIIPM group with IPM group and group taught with

Present method of teaching ( X5,4 ¢ =26.1, p< .01). Art Integrated Information

Processing Model is more effective than the Information Processing Model
and Present method of teaching (Median score of AIIPM group=12, IPM
group=7, Group taught with Present method of teaching=6) for improving

Achievement in Mathematics among ninth standard students.

Multiple Comparison of Average Standard Scores on Select Mathematical

Outcomes among the Three groups of Secondary School Students (Total Sample)

1. The difference in the mean standard score on Problem solving ability in
Mathematics among the groups is significant (Fp212) = 21.87, p <.01) with
high effect (partial eta squared .17). Significant difference exists for the group
taught with Present method of teaching with AIIPM and IPM groups. Art
Integrated Information Processing Model and Information Processing Model
are more effective than the Present method of teaching for improving Problem
solving ability in Mathematics among Secondary school students (Mean score
of AIIPM group=0.45, IPM group = 0.12 and group taught with Present

method of teaching=-0.53).

2. There exists significant difference in the mean standard scores on Mathematics
belief (Exploratory) among AIIPM, IPM groups and group taught with Present
method of teaching (F (2212) = 3.55, p <.05) with low effect (partial eta square

.032), but the difference is not significant in post hoc analysis. Hence, for
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developing Mathematics belief (Exploratory) among secondary students the

three methods are equally effective.

There is significant difference in the median standard scores of Attitude
towards Mathematics among three groups ( ngf:43.6, p< .01). Significant

difference exists for Group 3 with AIIPM group and IPM group. Art Integrated
Information Processing Model and Information Processing Model are
effective than the Present method of teaching (Median score of AIIPM
group=0.22, IPM group=0.15, group taught with Present method of teaching
= -0.89) for devolving positive attitude towards Mathematics among

Secondary school students.

There exists significant difference in the mean standard scores on Mathematics
anxiety among AIIPM group with IPM and group taught with Present method
of teaching (F 2212)=15.14, p <.01) with a moderate effect (partial eta squared
.13). Art Integrated Information Processing Model is more effective than
Information Processing Model and the Present method of teaching (Mean
score of AIIPM group= -.454, IPM group=0.29, Group taught with Present
method of teaching=0.203) in reducing Mathematics anxiety among

Secondary school students.

There exists significant difference in the median standard scores on
Achievement in Mathematics for the AIIPM group with IPM group and group

taught with Present method of teaching ( X34 ¢ =23.6, p< .01). Art Integrated

Information Processing Model is more effective than the Information
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Processing Model and Present method of teaching (Median score of AIIPM
group=0.26, IPM group= -0.34, Group taught with Present method of
teaching= -0.14) for improving Achievement in Mathematics among

Secondary school students.

These major findings are summarized in table 66.



Table 66

Results of Statistical Analysis of the Data Collected from Eighth and Ninth Standard Students, and Total Sample about the Effectiveness
of AIIPM, IPM and Present Method of Teaching

Problem Solving Ability Mathematics Belief Attitude towards Mathematics Anxiety Achievement in
in Mathematics (Exploratory) Mathematics Mathematics
Standard Standard Standard Standard Standard Standard Standard Standard Standard Standard
VIII IX VIII IX VIII IX VIII IX VIII IX
AIIPM AIIPM
ATIPM A(IZII;1)V[ IPII,V[ (1.02) IPII,V[ (2.50) 131;’91\)/[ ((;.I?K/IS) ((;.If)ig/i’;)
. resent resent .
(1.782) Present  method AIIPM method  IPM (2.01) M 1.92)  AIIPM (0.873) (0.875)
IPM (1.32) AITPM (2.32)

Pre-test method (0.969) (2.16) 1.773) Present (1.626) IPM (1.42) Present Present
and Post-  (ENRNIERR .7 AIIPM Very large AIIPM method EE s method method
test scores IPM (1.6) 0.92) (1.406) (1.55) 0.874) (0.873)

) ) Very large Large Very large  Very large Large and Large and
equal equal
AIIPM AIIPM
Average IPM AIIPM IPM
Post-test IPM AIIPM Present AIIPM IPM IPM AIIPM AIIPM Present AIIPM
scores method method
AIIPM AIIPM
Average AIIPM IPM AIIPM IPM
Gain IPM AIIPM Present AIIPM IPM AIIPM IPM AIIPM Present AIIPM
scores method method
Standard
AIIPM
score AIIPM AIIPM
(Total IPM IPM IPM AIIPM AIIPM

Sample)

Present method
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results.

1.

Tenability of Hypotheses

The tenability of the hypotheses was examined in accordance with the analysis

The first hypothesis is ‘There will be significant difference in the average
pre-test and post-test scores on select Mathematical outcomes for the

three comparison groups.

The study found that the pre-and post-test mean scores on the select
Mathematical outcomes viz., Problem solving ability in Mathematics,
Mathematics belief (Exploratory), Attitude towards Mathematics,
Mathematics Anxiety and Achievement in Mathematics differ significantly for
the three comparison groups of eighth and ninth standard students. Hence the

hypothesis is substantiated.

The second hypothesis states that “There will be significant difference in the
average post-test scores on select Mathematical outcomes among the three

comparison groups.’

The study found that no significant difference is found in the case of
Mathematics belief (Exploratory) and Achievement in Mathematics, but
significant difference is reported in the other dependent variables, viz.,
Problem solving ability in Mathematics, Attitude towards Mathematics and

Mathematics anxiety among the three comparison groups of eighth standard
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students. These results partially substantiate the hypothesis for eighth standard

students.

A significant difference among the groups is reported for all the select

Mathematical outcomes, viz., Problem solving ability in Mathematics, Mathematics

belief (Exploratory), Attitude towards Mathematics, Mathematics anxiety and

Achievement in Mathematics of ninth standard students. These results substantiate the

hypothesis for ninth standard students.

As per these findings the second hypothesis is not fully substantiated.

3.

The third hypothesis states that ‘There will be significant difference in the
average gain scores on select Mathematical outcomes among the three

comparison groups.’

The study found that no significant difference in the mean gain score is found
in the case of Mathematics belief (Exploratory) and Achievement in
Mathematics, but significant difference is reported in the other dependent
variables, viz., Problem solving ability in Mathematics, Attitude towards
Mathematics and Mathematics anxiety among the three comparison groups of
eighth standard students. These results partially substantiate the hypothesis

for eighth standard students.

A significant difference in the mean gain score among the groups is reported
for all select Mathematical outcomes, viz., Problem solving ability in

Mathematics, Mathematics belief (Exploratory), Attitude towards
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Mathematics, Mathematics anxiety and Achievement in Mathematics of ninth
standard students. These results substantiate the hypothesis for ninth standard

students.

Hence the third hypothesis is partially substantiated.

4. Fourth hypothesis states that ‘There will be significant difference in the
average standard scores on select Mathematical outcomes among
secondary school students taught through Art Integrated Information
Processing Model, Information Processing Model and Present method of

teaching Mathematics.’

The study found that no significant difference is found in the case of
Mathematics belief (Exploratory) but significant difference is reported in other
select Mathematical outcomes, viz., Problem solving ability in Mathematics,
Attitude towards Mathematics, Mathematics anxiety and Achievement in
Mathematics, among the three comparison groups of secondary school

students. These results partially substantiate the fourth hypothesis.

Conclusion

Present study attempted to find out whether Art Integrated Information
Processing Model, Information Processing Model or Present method of teaching
Mathematics is the most effective in bringing out Mathematical outcomes, viz.,

Problem Solving Ability in Mathematics, Mathematics belief (Exploratory), Attitude
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towards Mathematics, Achievement in Mathematics and reduced Mathematics

Anxiety among secondary school students.

Art Integrated Information Processing Model and Information Processing
Model have very large effect on Problem solving ability in Mathematics among eighth
standard students but Present method of teaching Mathematics has a moderate effect.
Art Integrated Information Processing Model, Information Processing Model and
Present method of teaching have very large effect on Problem solving ability in
Mathematics among ninth standard students. Hence Art Integrated Information
Processing Model and Information Processing Model are more effective to improve
Problem solving ability in Mathematics of both eighth and ninth standard students
compared to the Present method of teaching. Art Integrated Information Processing
Model and Information Processing Model are more effective teaching strategies to

improve Problem solving ability in Mathematics among secondary school students.

Information Processing Model is more effective in developing exploratory
belief in Mathematics among eighth standard students compared to other two teaching
methods. Art Integrated Information Processing Model and Present method of
teaching have large effect and both are effective in developing exploratory belief in
Mathematics among eighth standard students. Art Integrated Information Processing
Model has a very large effect in developing exploratory belief in Mathematics among
ninth standard students compared to the other two teaching methods. Information
Processing Model has only a moderate effect in developing exploratory belief in

Mathematics whereas the Present method of teaching has a large effect. The three
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teaching strategies can be used for developing exploratory Mathematics belief among

secondary school students.

All the three treatments have very large effect on Attitude towards
Mathematics for both eighth and ninth standard students. For eighth standard students
Information Processing Model has a higher effect size whereas for ninth standard
students Art Integrated Information Processing Model has the higher value. Art
Integrated Information Processing Model and Information Processing Model are
effective to develop positive attitude towards Mathematics among Secondary school

students.

Art Integrated Information Processing Model and Information Processing
Model have very large effect in reducing Mathematics anxiety among eighth and ninth
standard students. A higher effect size for Art Integrated Information Processing
Model suggest that it is more effective to reduce Mathematics anxiety among ninth
standard students but Information Processing Model is more effective for eighth
standard students. A lower mean standard score in Mathematics anxiety for the group
taught with Art Integrated Information Processing Model shows that Art Integrated
Information Processing Model is more effective to reduce Mathematics anxiety

among secondary school students.

Art Integrated Information Processing Model, Information Processing Model
and Present method of teaching have a large effect on Achievement in Mathematics
among eighth and ninth standard students. This shows that the three methods are

equally effective in improving Achievement in Mathematics among both eighth and
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ninth standard students. This finding agrees with that of Arjun and Niranjana (2017).
But analysis of standard scores for the total group reveals that Art Integrated
Information Processing Model is more effective for improving Achievement in
Mathematics among secondary school students which is concomitant with that of
(Egna-delsol, 2023; Yildizhan & Cezikturk, 2022; Heiman, 2020; Joseph, 2019; An et

al., 2013; Baird, 2015; De Leo, 2003) which advocates for Art integration in teaching.

From the above results, it can be concluded that Art Integrated Information
Processing Model is more effective in enhancing select Mathematical outcomes viz.,
Problem Solving Ability in Mathematics, Mathematics Belief (Exploratory), Attitude
towards Mathematics, Achievement in Mathematics and in reducing Mathematics
Anxiety among secondary school students, with slight variations for different grades.
These findings align with those of Mishra (2024); Willis (2024); Melnick et al. (2011).
But Art integrated / not integrated Information Processing Model is found to be a
better choice to attain select Mathematical outcomes among secondary school

students.
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RECOMMENDATIONS

This chapter reflects on the broader significance of major findings of the study.
By synthesizing the results, this chapter seeks to clarify how the research contributes
to both theoretical insights and practical applications in the field. The discussion
highlights the study’s implications, shedding light on potential advancements or
changes that can be made to improve current practices. Furthermore, this chapter
identifies areas where gaps remain and offers targeted recommendations for future

research, encouraging further exploration and development.

Educational Implications

The findings of this study offer important educational implications,
particularly for improving Mathematics education at the secondary school level. By
exploring the impact of the Art-integrated Information Processing Model, this
research underscores the potential for innovative teaching approaches to foster key
Mathematical outcomes such as problem-solving ability, positive attitude, exploratory
belief, achievement, and reduced anxiety. The following implications highlight
practical strategies for educators and curriculum designers to effectively incorporate
these methods, ultimately fostering a more engaging and effective Mathematics

learning environment.

Art integration explores affective and cognitive outcomes in Mathematics. By

demonstrating the imaginative and useful aspects of math, art integration may
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stimulate students' positive attitude and reduce anxiety in Mathematics that leads to
improvement in learning. By presenting real or visual representations, art integration

can help students in understanding abstract Mathematical concepts.

Integration of arts promotes creativity, which can develop analytical and
problem-solving abilities. Combining Mathematical ideas with artistic techniques will
demand critical thinking from the students. Art Integrated Information Processing
Model will help to mathematize the thinking process as suggested in various national

policies.

Art integration to Information processing approach model is found to be a
more effective strategy to develop Problem solving ability among secondary school
students. Integrating art to systematic processing of information helps students to
engage with Mathematics in a multi-sensory way. Incorporating a variety of art form
including auditory, visual and kinesthetics elements makes the abstract Mathematical
concepts more concrete and meaningful. This will help students who do not excel in
logical mathematical intelligence. Art forms help the students to internalize the
problems or sense the problem more realistically. The use of art in different stages of
Information processing approach model helps students to visualize relationships and

patterns more easily.

Art Integrated Information Processing Model and Information Processing
Model are effective to develop affective Mathematical outcomes like positive attitude
towards Mathematics, exploratory belief and reduced debilitating anxiety. These
strategies help students to connect Mathematics to their personal interests and real-

world applications by engaging them in Mathematics learning through the type of
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intelligence they excel, music/drawing/acting/dancing etc. This develops a sense of

purpose and relevance of Mathematics learning.

In regular classroom a most neglected part is student’s belief about Mathematics.
Teachers must adopt strategies that give importance to the learners at the same time it
must help students to develop appropriate belief about Mathematics so that they can
walk independently towards the world of wonderful mathematical knowledge in

future.

Art Integrated Information Processing Model, Information Processing Model
and Present method of teaching are effective in content-based learning outcomes.
Achievement with affective changes through learning is prudent and hence Art
integration and information processing model are more useful in classroom practices
to develop a Mathematics community who enjoy Mathematics learning and work for

its development.

Students with varying skills could find it difficult to participate in inclusive
regular secondary math classroom. Art makes Mathematics more inclusive and
accessible by allowing students who may struggle with verbal or numerical reasoning
to explore the subject through different audio-visual forms. While selecting teaching
strategies care is to be given to conserve and transfer the real nature of Mathematics
as in Information processing model. The findings emphasize the effectiveness of
combining different models and methods, suggesting that an integrated approach
could offer benefits to Mathematics education, creating inclusive and enjoyable

learning environment.
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Curriculum designers and teachers must keep an open-mindedness towards
innovative strategies and try to implement diverse approaches effectively, integrating

creativity, systematic thinking, and exploratory practices into their teaching.

Education policymakers should consider incorporating art-integrated and
information-processing strategies into Mathematics curriculum at secondary level.
This includes developing teaching aids, resources, and lesson plans that align with
these approaches, ensuring standardization of effective practices across schools and

fostering consistency in their implementation.

Recommendations

Based on the results of the study, the following recommendations can be

made to enhance Mathematical outcomes among secondary school students,

. Schools should incorporate Art Integrated Information Processing Model in
Mathematics teaching, as it has been shown to have a very large effect on
problem-solving abilities, exploratory Mathematics beliefs, attitude towards
Mathematics, and reducing Mathematics anxiety. This model enhances
cognitive and affective outcomes deepening students' understanding of

Mathematical concepts.

. Art integration offers students the opportunity to see the connections between
disciplines. By exploring how math is used in other disciplines, students can

understand the real-world applications of Mathematical concepts. This can
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provide a more holistic education and enhance a positive attitude towards the

subject, which can lead to better career development in the future.

Implement more scaffolding and interactive teaching methods like Art
integration for secondary school students to enhance their perceptions of
Mathematics as enjoyable, practical, and relevant to real life. Develop novel
instructional approaches that integrate creativity, exploration, and structured
learning to promote holistic student development and foster both cognitive and
affective growth in Mathematics.

Teachers may require assistance and training to successfully incorporate art
into math lessons. Education department could spend money on materials like
workshops, interdisciplinary teaching guidelines, or partnerships with art
educators to make sure that art is connected to the Mathematical material in a
meaningful way. To assess students' creative Mathematical work, teachers will

also need to modify current evaluation procedures and create new tactics.

To ensure the successful implementation of innovative instructional models,
continuous professional development should be offered to teachers. This
training will equip educators with the tools and strategies needed to effectively
integrate new models into their teaching practice and improve students’
outcomes in Mathematics. For this, refresher courses and training programs
can equip teachers with the expertise to design lesson transcripts using the Art-
Integrated Information Processing Model and other innovative teaching

methods, linking them to real-life contexts and follow-up activities.
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Additionally, in-service training, courses, and hands-on workshops can
demonstrate the effective integration of arts and other innovative methods into
classroom teaching. Furthermore, these training programs can support
teachers in incorporating arts and other innovative methods into their teaching,

improving the overall educational experience for students.

. It is important to create a supportive and encouraging classroom atmosphere
that reduces math anxiety and builds positive classroom culture. This positive

classroom culture enhances over all development in the learner.

Suggestions for Further Research

Findings of this study explore several avenues for future research, particularly
in the area of Art Integrated and Information Processing Model on Mathematical
outcomes. The effectiveness of Art Integrated Information Processing Model
enhancing various Mathematical outcomes suggests that there are still many
unexplored areas that could benefit from further investigation. The following are some
key research questions and areas that warrant further exploration to deepen our
understanding of the impact of art integration and information processing models on

educational process.

e The study was to find out the effectiveness of Art Integrated Information
Processing Model, Information Processing Model and Present method of teaching
in the enhancement of Mathematical outcomes viz., Problem solving ability in

Mathematics, Achievement in Mathematics, Mathematics belief, Attitude towards
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Mathematics, and reducing Mathematics anxiety in Secondary School students.
Further research can be conducted with other variables to test the effectiveness of
these teaching strategies (like student engagement, motivation, self-efficacy in
Mathematics, critical thinking etc.).

Further research can be carried out to investigate whether the effectiveness of
these models extends to other subjects especially science subjects, to determine
their interdisciplinary applicability. It is also relevant to conduct the study among
secondary school students studying in schools under various boards of education
in India.

Examining the impact of these models on diverse groups of learners, such as
students with special educational needs, varying socioeconomic backgrounds, or

different cultural contexts will be beneficial.

The study can be carried out in other levels like Upper primary and Higher
secondary to find out the effectiveness of Art Integrated Information Processing
Model and Information Processing Model in different levels.

The same experiment using different research designs can be carried out to test

the effectiveness of teaching strategies.

Effect of incorporating art on different successful strategies can be examined in

different subjects and among different groups of students.

Further research can be carried out to teachers’ experiences and challenges in
implementing these models to identify areas for professional development and

practical support.
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o Conduct long-term studies to assess the sustained impact of the Art-Integrated
Information Processing Model, Information Processing Model, and traditional
methods on students’ Mathematical outcomes across multiple grades. The study
can be replicated by increasing the duration of experimentation as well as ensuring

the rotation of groups for the treatments.
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FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

LIST OF SCHOOL IN THRISSUR EAST AND WEST

EDUCATIONAL SUB DISTRICTS

School Name Type of School
1 StJosephs C. G. H. S. S. Thrissur Aided
2 Chaldean Syrian H. S. S. Thrissur Aided
3 Marthoma Girls H. S. Thrissur Aided
4 M.T. H.S. Chelakkottukara Aided
5 V.V.S. H.S. Mannuthy Aided
6 St Sebastian's C G H S Nellikkunnu Aided
7 A.K.M. H.S. S. Poochatty Aided
8 ST. Augustine H. S. S. Kuttanellur Aided
9 StClare’s C. G. H. S. S Thrissur Aided
10 St Thomas College H. S. S. Thrissur Aided
11 St Thomas H. S. S. Thope Aided
12 S.H.C.G. H.S. S. Thrissur Aided
13 H.F.C.G. H.S. Thrissur Aided
14 B C H S Mukkattukara Aided
15 G. V. H.S.S. For Girls Thrissur Government
16 G.M.B. H.S. S. Thrissur Government
17 G. H. S. S. Pattikkad Government
18 G. H.S.S. Peechi Government
19 VYLOPPILLY SM GOVT.VHS S OLLUR Government
20 St. Raphel C. G. H. S. Ollur Aided
21 G.H.S.S. Anchery Government
22 St.Sebasian's H. S. Mannamangalam Aided
23 G.V.H.S.S. Puthur Government
24 @G. H. S. S. Kattilapoovam Government
25 G.V.H.S.S. Ramavarmapuram Government
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School Name Type of School
26 G.H.S.S. Villadam Government
27 TECHNICAL HS THRISSUR Government
28 J.P.E. H. S. KOORKANCHERY Aided
29 S.N.B. H. S. KANIMANGALAM Aided
30 S.N.G. H. S. KANIMANGALAM Aided
31 H.S. ANTHIKAD Aided
32 G.H.S.S. MANALUR Government
33 P.J.M.S.G. H.S. S. KANDASSANKADAU Government
34 S.H. OF MARY'S C. G. H. S. KANDASSANKADAVU Aided
35 S.N.G.S.H.S. KARAMUCK Aided
36 C.M.G.H.S.S.KUTTUR Government
37 T.H.S. ARANATTUKARA Aided
38 1.J.G.H.S. ARANATTUKARA Aided
39 ST. ANNE'S C. G. H. S. WEST FORT THRISSUR Aided
40 G.V.H.S.S. AYYANTHOLE Government
41 H.S.S. ARIMPUR Aided
42 ST .ANTONY'S H. S. PUTHENPEEDIKA Aided
43 ST. ALOYSIUS H. S. ELTHURUTH Aided
44 L.F.C.G. H.S. OLARIKKARA Aided
45 C.M.S.H.S. S. THRISSUR Aided
46 V.B.H.S.S. THRISSUR Aided
47 V.G.H.S.S. THRISSUR Aided
48 G.H.S.S. POONKUNNAM Government
49 ST.JOHN'S H. S. PARAPPUR Aided
50 S.S.G.H.S.S. PURANATTUKARA Aided
51 S.R.K.G. V.M. H.S.S. PURANATTUKARA Aided
52 ST. GEORGE'S H. S. PUTTEKKARA Aided
53 SANTHAH. S. S. AVANUR Aided

54 S.D.V.H.S. PERAMANGALAM Aided
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MATHEMATICS BELIEF INVENTORY (DRAFT)
MALAYALAM VERSION

Saritha A S Prof. (Dr.) Vijayakumari K
Research Scholar Professor
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Name of the student

Name of the School

Class

Gender :  Male/ Female

Type of School : Govt/ Aided / Unaided
Locality : Rural / Urban
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INSTRUCTIONS

Some statement related to Mathematics are given below. Each statement have three
responses. After reading each statement, put a tick mark (v') for more suitable
response in the response sheet. Your responses will be used for research purpose only.
Response to all statements must be recorded.

1. Mathematics is
a. Following a definite method
b. Finding solutions to problems
c. Atool for solving daily life problems
2. The basis of Mathematics is
a. Logic
b. Combining related information to solve problems.
c. Helpful for learning other subjects
3. Through the study of Mathematics, mainly
a. Organize life systematically
b. Analyzes life problems and makes appropriate decisions

c. Finding a way for livelihood
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4. Mathematics is different from other subjects for
a. The precision of answers.
b. Discovering new relationships through unique and challenging problems.
c. Exercises that are memorized for problem-solving.
5. The ability acquired through solving mathematical problems is
a. Completing tasks systematically.
b. Exploring different ways to solve problems.
c. Using learned methods to solve new problems.
6. The most important aspect of solving mathematical problems is
a. Following a common method
b. Connecting information logically
c. Using appropriate formulas
7. Generalization in Mathematical problems is done
a. Only when necessary hints are provided.
b. To discover new relationships.
c. Only if the given problem demands it.
8. Mathematics exercises are
a. Follow the same pattern
b. Inspire different way of thinking
c. Examination based
9. By practicing mathematical exercises
a. Memorizes the steps of problem solving
b. Understands that different ways exist for problem solving
c. Scores high marks in examination
10. A good Mathematical problem is
a. Prioritizes a specific answer.
b. Encourages various solving methods.
c. Requires using formulas.
11. The goal of mathematical problem solving is
a. Finding definite answers for simple problems.
b. Finding answers to challenging problems.

c. Reaching a specific answer using formulas or shortcuts.
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12. The Most helpful aspect of learning Mathematics is
a. The Teacher
b. One’s abilities
¢. Memorized techniques/ formulas
13. The focus in learning Mathematics should be on
a. Class notes
b. Self practice
c. Shortcuts and formulas
14. Studying of Mathematics means
a. Following the method presented by the teacher
b. Finding your own way
¢. Memorizing shortcuts and formulas
15. When solving a new Mathematical problem, one should
a. apply previously learned methods
b. Analyze carefully and find a suitable method
c. Use memorized shortcuts
16. The emphasis in learning Mathematics is
a. Reaching the correct answer through precise methods.
b. Mastering the problem-solving process.
¢. Memorizing formulas/methods for answers.
17. The foundation of Mathematics is
a. Logical thinking
b. Interrelated concepts
c. Calculations
18. The branch of Mathematics is
a. Static
b. Dynamic
c. Practical
19. The importance in Mathematics teaching is
a. Teacher centered activities
b. Activities that stimulate research thinking

c. Activities for memorizing formulas



20. The uniqueness of solving mathematical problems is that
a. Only single method for solving problems
b. Different ways for solving problems
c. The focus is on the final answer.
21. The Mathematics teacher should focus on
a. Presenting lesson in a systematic way
b. Presenting lessons in a way that inspires thinking.

c. Presenting lessons with focus on exams.

22. To find solutions to mathematical problems, students should

a. Follow the method presented by the teacher

b. Solve the problems in your own way

¢. Ask and understand from those who got the correct answer.

23. Mathematical problems are generally
a. Allow reaching answers through precise steps
b. Stimulate mathematical thinking
c. Use formulas directly
24. Mathematical problem solving means
a. Getting the correct answer
b. Identifying a systematic problem solving approach
c. Using formulas
25. Mathematical problems should
a. Be textbook-centered.
b. Be thought-provoking and engaging.
c. Be easy to solve.

26. In mathematical problem-solving, a teacher should

Provide specific clues to help students reach a solution.

Appendix

b. Guide students to the problem-solving stage through thought-provoking

questions.

c. Directly provide the solution.
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5. WEMI®UOTY @REIVEBRUS @JWIMADIQo
a. &60 olo (rVAIM aVIRIAIL) allTDSTMNAIIB:6Mo.
b. oy 21mIGleNS:e8 (@JEa10Gla flesamaIIdMo.
C. al@loME 6aldBElendad TLIWIMQYBBM) @RYB:6Mo.
6.  WEMI®UDINY @RELIVEBBUS 6 2IYMDIEIOS
a. JYWIBWIEM LISEBRU3 MM:a|I0MIB:.
b.  (@QMBEWIEEMOTIM ALY AlTE:u8 MBI AMILISRMD.
C. aldloHry DA MIBH LIElHBM
7. WaMI®UIMY @JRMWIBWICEMo LIGHUNIBANDY
a. af)8]A88 JWREEBUIE MIURI® QOMOo HEEIBOM®I.
b. ©aIgl0ilg 9VEIDM (@JREBBUBSS QTN KOTBOMING.

C. afBal 206VOTIEES (Y@AULHWB  /TRYO@AUIDEEEUW)  Dale@oWla] mlvailom
DHOMOOMICLIBE) af)OTHIG2|OG3.

8. WAMI®UOTY alOMOBIM aBQ0lo ZF® T MVaNIWIBBMNEY
a. @owWdalild /@RWLAIH3
b. aumoe &¥laIBU3
C. DM:a I0NIHHIW GMAVEBBUS/ AY@QUID\6BBUT
9. WEMI®UONY aIOMOIT CHWIHGIEINENBOY
a. oV emosay’
b. o ald@ludleIMo
C.  af)Ba]AISlDUd/ Y@M EBBUI
10. WEMI®UWIAY a10Mo af) MDOGRINE QEFUTIHBMNDY
a. @PWydaild:/@RWydald:08 BRAIMGlA{lesan Glo allagmsods.
b. ™M HeWL] H6MEOME3.

C.  af)Bo]AUSlBUd/MY@AGNEBBUT AM:n J00NIHHNT3
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11.

12.

13.

14.

15.

16.

17.

18.

o JOI@ VMI® @JYOOD WIBWICEMo 6 21QYEMINU3

a. QMBal 621 Ao (JeWIUIla..

b. aYeYNIV] @RAIVIOM. 621070 GRMPEWITAMIW BT GHEEIROMo.
C. QM lI0NIBHWV af)Bn|N0BWEBBUT Dalc@IUTlHs0.

WEMI®UINY A IOMOBIE3 (JOWIMYo MNTICDHENBDY

a. HOWMIW QIS OaleWIW 2] VAIQYOMOEOMIT Af)OHIEIOG3

b. @JRMIBWINEM @GV MVIOVOHRNIGHE3

C. QUMAOMITI af)TMIMBS Y@ QUIMYEBBUZ/ MIBUEBBUZ AM:a [00NIBHGI
WEMIMUWIYOBIHG @RSIOMO ag)MNOY

a. Qaomlallan

b. alEayE- NITWEA]S @RYUDWERUI

C. HIMOB&BSOI

WEMI®UOY Loo6

a. oluafloadem.

b. aleIMOITDER6M.

C. (@JOBWIUlHmae.

WEMIMWIQY ENIWM BITIVIG3 @JOWIMYe BRAACISBMOY

a. @PWYIald: BHMBlHO® (@JAIGOMMEEBUI

b. weaauem 21MOW @JEaloFlafldsmm JAUBOMMERUI

C. aY@AMEBBRUE/ MADEBBUS DM:a|00RISHIM OB (@ JAUIGOTMEBBUI
WeMI® (@JYRaIBla0IOMIHNG (@JEDYH:D

a. 860 8@ AlMIYIees MI@AIET QOMOOMITI A OTNIG.2]0003 MVIW]B63E:.
b. ooy ARG DOMECHIT ag)OHIEJ0003 AVLIWBs0.

C. 9UMAOMITI af)OVIG@BE: af)AND@IMIEM’ (@JIWIMYo.
WEMIMUITY @RWLIA ld>/@RWYIA 108 UBRLIGIHENBDY

a. 2il3eWISe GHOUMEWIFo &S] al00BIWe BRAIMAla flEeeMo.

b. 2l00®68 @JeaElaflesmm @IV 1008006 GRAIMAlalensmo.
C. alRleHnW B O3d@la] ald0RIWe @PAUIMGlaflesemo.

WM (JWREBBUBH a1GBln0I00 HHETROIMID

a. @PWyaild:/@RWYIald08 BRAIMGlalesaN GlM allgwsao.

b. im0 GGV (JRHO® alBlaOBE630.

C. HOMIV] POMEOBI@I af)OBE2|BAMAICOIS GaldGEla) MRS,



19.

20.

21.

22.

WEMI® @JYREBBUB O I0DHAI

a. HORNW LISERLEIRINS DOMOOWITI af) G003 HFIQYIMAI @RYB:6Mo.

b. wWeMI® 268 DeomEalesaNal @RYdeMo.

C. 6MAIT YDA DalBWIUTIEHIN3 algam Rl®IVIG3 @RYd:6eMo.
WM (@JWQaIBln0000 af)MOY

a. VOIYOMOCMITI f)TDE> af)NTIE).

b. @MW @G MIBWIVEM GBI ORI af)IMNMIETYY.

C. Y@L e DalCRITTBRH af)MMIE).

WeMI® (@Jy63BU3

a. OSHAY M GH@BEG®NIVGBHEMo

b. ®I®aleyreMEEDM®o allalelasmalQe @RYWIElensMo.

C. af)Bo O3 QOMOOWITI af)OWIE2]00M HFIQYMAI GRHWIElENMo.
WM (@JRaIBln00OMIT3 @RWYIA ik /BRUWLIAIGM Qil3jAEMAlE: W36

GHOYDNIW TY2ldh6BBU3 M@ (@R IBlnOIROMITI af) OTBHEMo.

b. alme® (@ealBlaflesan  @a1B@REIES  (J@MIBWINEM  CLISOMIERIS

MOHNHEMo.

c. 6MAlg OOMOOMIT af)OTH]L6Mo.
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Appendix I'V.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

MATHEMATICS BELIEF INVENTORY ( FINAL)
ENGLISH VERSION

Saritha A S Prof. (Dr.) Vijayakumari K
Research Scholar Professor

Personal Information

Name of the student

Name of the School

Class

Gender :  Male/ Female

Type of School : Govt/ Aided / Unaided
Locality : Rural / Urban

INSTRUCTIONS

Some statement related to Mathematics are given below. Each statement have three

responses. After reading each statement, put a tick mark (V') for more suitable
response in the response sheet. Your responses will be used for research purpose only.
Response to all statements must be recorded.

1. Mathematics is
a. Following a definite method
b. Finding solutions to problems
c. ATool for solving daily life problems
2. Through the study of Mathematics, mainly
a. Organize life systematically
b. Analyzes life problems and makes appropriate decisions
c. Finding a way for livelihood
3. The ability acquired through solving mathematical problems is
a. Completing tasks systematically.
b. Exploring different ways to solve problems.

c. Using learned methods to solve new problems.



Appendix

4. Generalization in Mathematical problems is done
a. Only when necessary hints are provided.
b. To discover new relationships.
c. Only if the given problem demands it.
5. Mathematics exercises are
a. Follow the same pattern
b. Inspire different way of thinking
c. Examination based
6. By practicing mathematical exercises
a. Memorizes the steps of problem solving
b. Understands that different ways exist for problem solving
c. Scores high marks in examination
7. The goal of mathematical problem solving is
a. Finding definite answers for simple problems.
b. Finding answers to challenging problems.
c. Reaching a specific answer using formulas or shortcuts.
8. The Most helpful aspect of learning Mathematics is
a. The Teacher
b. One’s abilities
¢. Memorized techniques/ formulas
9. The focus in learning Mathematics should be on
a. Class notes
b. Self practice
c. Shortcuts and formulas
10. Studying of Mathematics means
a. Following the method presented by the teacher
b. Finding your own way
¢. Memorizing shortcuts and formulas
11. When solving a new Mathematical problem, one should
a. Apply previously learned methods
b. Analyze carefully and find a suitable method

c. Use memorized shortcuts
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12. The emphasis in learning Mathematics is
a. Reaching the correct answer through precise methods.
b. Mastering the problem-solving process.
¢. Memorizing formulas/methods for answers.
13. The foundation of Mathematics is
a. Logical thinking
b. Interrelated concepts
c. Calculations
14. The branch of Mathematics is
a. Static
b. Dynamic
c. Practical
15. The importance in Mathematics teaching is
a. Teacher centered activities
b. Activities that stimulate research thinking
c. Activities for memorizing formulas
16. The uniqueness of solving mathematical problems is that
a. Only single method for solving problems
b. Different ways for solving problems
c. The focus is on the final answer.
17. The Mathematics teacher should focus on
a. Presenting lesson in a systematic way
b. Presenting lessons in a way that inspires thinking.
c. Presenting lessons with focus on exams.
18. To find solutions to mathematical problems, students should
a. Follow the method presented by the teacher
b. Solve the problems in your own way
c. Ask and understand from those who got the correct answer.
19. Mathematical problems are generally
a. Allow reaching answers through precise steps
b. Stimulate mathematical thinking

c. Use formulas directly
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20. Mathematical problem solving means
a. Getting the correct answer
b. Identifying a systematic problem solving approach
c. Using formulas
21. Mathematical problems should
a. Be textbook-centered.
b. Be thought-provoking and engaging.
c. Be easy to solve.
22. In mathematical problem-solving, a teacher should
Provide specific clues to help students reach a solution.

b. Guide students to the problem-solving stage through thought-provoking
questions.

c. Directly provide the solution.
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Appendix I'V.c

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

MATHEMATICS BELIEF INVENTORY (FINAL)
RESPONSE SHEET
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FAROOK TRAINING COLLEGE

Appendix V

Research Centre in Education
University of Calicut

Appendix

ITEM- TOTAL CORRELATION COEFFICIENT (STANDARD VIII)

Cronbach's Alpha No. of Items
.845 11
Corrected | Cronbach's Alpha if
Item-Total Item Deleted
Correlation
Item1 536 .834
Item2 .649 827
Item3 555 .832
Item4 440 .838
Item5 .559 .829
Item6 .540 .831
Item7 397 .838
Item8 .632 .822
Item9 568 .828
Item10 .620 .824
Item11 588 .833

Based on the corrected item-total correlations and internal consistency metrics

(as indicated by Cronbach's Alpha if Item Deleted), all items were retained.
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Appendix VL.a

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

ACHIEVEMENT TEST IN MATHEMATICS
STANDARD VIII

aVOWo : 1 MeMILBA 6MIAd : 25

M1B3e3UI63BUJ

af)2I0 6aldB\6BRU3A50 DOMOo af) D .
DOMAEBRSEI03 @RYWASEISOI QlludEld:06Mo MTIEHEMBMIEI.

@RRIEO® 10 Alrlgd’ LAWY AVAWMIT. D TVAWo G2IIBLEBRUB A IBlalWe ]SO,
DOMAEBBUB BRYTY@EMo 621QIMo DalEWIUTBRD:.

1 D@3 3 AUHORYSBS G210B6468BUBHS 1 6MLIA afl®o. 1X%X3=3)

1.

2.

®I6)¢® OMIBlEBIMAIWITI oD@ (@JTPIQIMDIE MVIRINAHOWITY VOBIWIHIOTH®) ?
a) af)®1BAINEBRUT VAT Do

b)  af@dILEBURA ®elo

C)  af)DNBEHNHEMHUE Do

d)  8® emoemlend @pgal 180°

B3 GRIS| af)NBAUUIEBBUE D@0 MVAINMOMIW (@A INI6TY

3. Q193aHld: aleiluo MEOs 8% @RYWIT @RAWAIIABUlE: alellud MEAs ____@rsrm.

4 @3 7 AUHOQYSBS G2I0BY6BRUBHS 2 GAPIAB aflo. (2%x4=8)

4. @il 50000 @l NIVBIE3 MO BAIM AINQ ~f)SOD. B@ QAUGaHo BHSlEIMEAIOU3 55000
@316 @@la] HBHIFEHHETE] UMY . af) @V aleillvd Moy ?

5. ABCD ogam  avonoam@léomlod OA= 4cm, OB= 3cm. auomoam@laomlead
QildG6neEBse S Mo ag)amIeTy ?

6. QINEBRU3 @EIAIVWMIMIGE MVABLRAVININNBIB:r0 AUEYINDIM BOSAT AI@o A . HD

@JTVOAIM NARICWI HAEQI, nf)IDE:IENS ?
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1ol 10% QI9@aHld: MlOHS1@3 MVIWIEM alLilUd ;M EHIBEAM eNI08s1E3 ailame 25000
@Bl QB QIGHUCOMEE GRIMNS af)ST®. 2 QldaHo &FlE0) alOD GRS
@RAIMVIMIaflonoad 28500 (BalQ@OW] NOBIT af) @D olODQ 6NIdE:  GRIEND
@RAITVIMafleo08 28500 (@B al AGIWIGR:ENI? af)QDE) 61 ?

8 M@ 9 UHAYSBS G106 EBBUBHS 3 GAVIAB Qll™o. B8%X2=6)

8.

303 HRINHNENITI HAUM] BRAIBOS (JCDMYH: DMo HRIORNILINNHZ ailel AldaHo EG®IQ
afleies 4% alldmoe $:0QM. HM66MIENHNE HEAIPH O aflel 16000 @3 IWISEM &;1@3
3 QIBaHo BHYIQYEMIIU3 Qflel af)MIVIEH630 ?

B 21OBEROMINNG (@JEOYDHDGHUT ®INY MATIBlHB00

° QIU6B3U3 @AYo

° 2f) ®1GUDEBRUE VAN

° )@@ CHIEMOHHU3 Ao

° 63C0 QluoOmInel BDHIEMVDHBOS D» 180°.

o Qild@6M6BRUE IRV Llo6N! TVAERIZH:UB.

a) DO aF@IMo 2IOBERo @RY6N ?

b) SO0 B@ 2IMBERo DUABS @RS AUOYH: .

10 @@3 11 QIHERQRBS G2193463303H6) 4 GAPIA alldo. 4x2=8)

10.

11.

NIENJOJo a0GBIQo BCO D 2 AIBHUCOMBS NIV WledHailg] . enioen) 10%
MLOWIREM  alel®o 0@l 10% QIOGaHld: g@ueﬂmgo @Y MICHHa o] .
02100l oJBOIWIVWEAIUB  a0@lBs  nIdNAlOMEHIE 150 Bal SO
SISOV af)@ @Bal Qllmnem @@ MIeHHUail 4@ ?

@RI 5 TUARR TLINIMMGIMEBUS G2l Bale MATIBlaBM. @mﬂgg@
@8QIG3 2@ QIO .

2 cm.




Appendix

Appendix VL.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

ACHIEVEMENT TEST IN MATHEMATICS
STANDARD VIII

Time: 1 hour Score : 25

Instructions

Answer all questions.

Give explanation wherever necessary.

There is a cool of time of 10 minutes. Use this time to get familiar with
questions and plan your answers.

Questions from 1 to 3 carry 1 score each. 1x3=3)

1.

Which of the following statements is not true for a parallelogram?
a)  Opposite sides are parallel

b)  Opposite sides are equal

c¢)  Opposite angles are equal

d)  One angle is 180°

2. A shape with only one pair of opposite sides parallel is

3. If the annual interest rate is 8%, what is the half-yearly interest rate?

Questions 4 to 7 carry 2 scores each. 2x4=8)

4.  Ravi took out a housing loan of 50,000 rupees from a bank. After one year, he
pay back 55,000 rupees. What is the interest rate?

5.  Inparallelogram ABCD, OA =4 cm, OB = 3 cm. What is the length of the
diagonals of the parallelogram?

D

6.  The statement “It is enough to know one measurement to draw a rhombus since
all the sides are equal” is true or false? Why?

7.  Padma took out a loan of 25,000 rupees for two years from a bank at simple

interest rate of 10% annually. After two years, Padma went to the bank with
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28,500 rupees to close the loan. Will 28,500rupees be enough to close the loan?
Why?

Questions 8 and 9 carry 3 scores each. 3x2=6)

8.

A mobile company reduces the price of a particular model by 4% every year. If
the current price of the mobile is 16,000 rupees, what will be the price after 3
years?

9.  The properties of a quadrilateral are given below:

. Opposite sides are equal

. Opposite angles are equal

. The sum of the angles on the same side is 180°

. The diagonals are perpendicular to each other

a)  What type of quadrilateral is this?

b)  Draw such a quadrilateral with any measurements of your choice.
Questions 10 and 11 carry 4 marks each. @4x2=8)
10. Babu and Hari both deposited the same amount for 2 years in a bank. Babu

invested at 10% simple interest, and Hari invested at 10% annual compound

interest. After the investment period, Hari received 150 rupees more than Babu.

How much did each invest?

11. A figure is given with five equal thombuses joined together. Draw the figure

with the given measurements.

2 cm.
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Appendix VILa

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

SCORING KEY AND MARKING SCHEME
ACHIEVEMENT TEST - STANDARD VIII

6N’ BRBOYE: U3 MANITI MI@o @RS AUORIM MVIWIBEBD:.

SCORING KEY
Qn No. Answer key
1 3@ CHIMING @PSOT 180°
2 ElotMidho
3 4%
MARKING SCHEME
n
Q Key score
No.
4 @3 (P) = 350,000
HDOOMo @3ABl4ISal= 755,000
alefluo= 355,000 - ¥50,000 = ¥5,000
aLIWIREM aleflud, I=PNR
5000=50000xRx1
R=10%
5 Qilé@6mo AC =4+4=8 cm,
allé:@6moe BD =3+3=6 cm
6 enel

D&
@3 (P) = 725,000

alellvo Mloes = 10% , HILIVa8Ol = 2 QlGaHo

10
aLOWIMEM alellu: I=PNR=25000x2xm =5000
MO0 Ddh @1@1% M@IBHENRO) = ¥25,000 + 35,000 = 730,000

alODQ’ 728,500 MA@MIEGN, T1,500 3001061
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(@Jooc ailel = 716,000

QDB £:005 = 4%

n
3 QIBUEBBUE B>Sley, allel= P(l — L)

100

3

4

= 16000(1 — —)
100

=16000x(1—0.04)3
=16000x0.884736

=314,156

VABRAVININBldho

GHOUAIW] AVAEER TVIAIAN@]Bro QU .9JOT3

10

enIoen]illan’ MLIWIEEM aleiluo

20P P
I=Px10%x2=— =—
100 5

P 6P

n10eNJAilH3 HRAOOMo D= P+ Pl

n
o T
a0@10 @galeflwo = P(l + 100)

10 \2
P(l + —) = P(1+40102=121P
100

QI@YOMVo = T150:
6P
1.21P—?=150

P
— =150
100

P=150%x100= 15000

11

4cm MIsnss AC alos] @GN aUWEIN. B
@RSWIBHAISTD . nf)El0o TVAER VAN GBIHHAIW@IMITI,A
ABI 8@ qMu0ER @16H06MMI6M. GRMING G063 60° Qflo.

BCDJ agyam auagzavindan@laoml@d, £ JBC = £JDC = 60°,
/BCD = £BJD = 120°

BJFI ag)am auogmauindamelaomlad, ZIBJ =£1FJ = 60°,
£4BJF = £FIB = 120°.
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30600 MVARRAVINIMNBIHNYo AU 4] A1IEQEM A JBOTHWISRDH:.

G 2 F 2 E
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Appendix VIL.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

SCORING KEY AND MARKING SCHEME
ACHIEVEMENT TEST - STANDARD VIII

SCORING KEY

Qn No. Answer key

1 One angle is 180°

2 Trapezium
3 4%
MARKING SCHEME
Qn Key score
no.
4 Principal (P) = 350,000 1 2
Total repayment = 355,000
Interest = 355,000 - 50,000 = X5,000
Simple Interest formula: [=PNR
5000=50000xRx1 1
R=10%
5 Diagonal AC = 4+4= 8 cm, 1 2
Diagonal BD =3+3=6 cm 1
6 No, I |2
we want two measurements to draw the Rhombus. 1
7 No. 1

Principal (P) =325,000

Interest rate = 10% per annum, Time = 2 years.
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Simple Interest: I:PNRZZSOOOXZX% =5000

Total amount to repay = 325,000 + 5,000 = %30,000

Padma has 328,500, which is X1,500 less than required.

8 Initial price = 16,000
Annual decrease = 4%

n
After 3 years, using compound decrease = P(l — ﬁ)

3
= 16000(1 — i)
100
Price=16000x(1-0.04)
=16000x0.884736

=314,156

9 Rhombus

Draw the rhombus

10 | Simple Interest for Babu is
[=Px10%x2=22 L

100 5 P p
Total amount for babu is P+ =7

. .. T n
Compound interest for Hari is P(l + E)

10 2_ )
P(1+m) = P(140.10)> = 1.21P

Difference = 2150:
1.21P-%=150

L 150
100

P=150x100= 15000

11 | Draw AC, 4 cm long and mark its midpoint B. Since all are
rhombuses, ABI is a equilateral triangle. Its angle are 60°

each.
In the rhombus BCDJ, £ JBC = £2JDC = 60°, £BCD =
<BJD = 120°

In the rhombus BJFI, 2IBJ =£IFJ = 60°, £BJF = £FIB =
120°.
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Draw each rhombus and complete the pattern.
G 2 F 2 E
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Appendix VIII

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

ITEM- TOTAL CORRELATION COEFFICIENT ( STANDARD IX)

Cronbach's Alpha | No. of Items
.844 12

Corrected Item- | Cronbach's Alpha if
Total Item Deleted
Correlation
Iteml1 446 .837
Item?2 495 .835
Item3 487 .835
Item4 495 .835
Item5 344 .843
Item6 .389 841
Item7 .340 .843
Item8 .664 819
Item9 716 814
Item10 592 .826
Item11 .622 .823
Item12 578 .830

Based on the corrected item-total correlations and internal consistency metrics

(as indicated by Cronbach's Alpha if Item Deleted), all items were retained.
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Appendix IX.a

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

ACHIEVEMENT TEST IN MATHEMATICS
STANDARD IX

avVOWo : 1 meM1L8A@ GMLIA : 25

M1B3E3UI6EBUS

af)210 G21034683U3HRBo DOMAo af) E D dh.
20mEBS1G3 @RNIVABSISO AllVE]B:06Mo MTIECHENBMIE).

@REYOO® 10 AlWlg qLVMIWPAL  AVAWMAIEM. MV AVAWo G2IIB46ERU3
21012106 ]SIMo, DOMOBBUZ BRHAY@DEMo 6.21QIMo DaleIUIBH.

1 D@3 5 AUHOQYSBS G210B6@BUBA 1 6OLIAG aflo. 1XxX5=5)

1.

2.

3.

4.

5.

303 TVoROMINZ Qljdalo GRMIHZ HMWQYo DWOOTIHMWBQo LEMMaNLINIE).

X 8@ MYMIVoB @RYWIMS | X | = ___ @anyflalsso .
Gl &MV BREIOI MVAGHOS ____ af)an alOQAW0.

QO MROMINGE AUG®LI alda |80l G@ROIH3
YWEMMaNLINIET.

OMWQYo  DVWOOMINWQYo

5-81=___

6,7 Q16AQYSS G21936468BUBHG 2 GOYIA alldo. @2x2=4)

6.

7.

|X -5 | =10 @oWI@3 X &3 ailel ag)ao) ?

MOoUPGERIWI@E 2, -6 af)Mlal @OmIEI88 GR®LINjH @RAIYHS  AWIA30j
HORBIAD G, ?

8 @3 11 AHAQYSS 6.21034633U3HE 3 BAPIA all®o. Bx4=12)

8.

10.

|X-2|=]X-6| @D x ag)amI6m?
ly-3l=1y +1| @Gp@o@3 y ag)amaem’ ?

| X + ¥ | af)amoil@leso ?
Ve a3 MNIMo MY GORIWVITE BRSWIBHAISODH, ?

360 QVOABS O6MNE YO APREBBHS QROAVEEBUE MIEIBS GPoUBNITW. 1 : 3 @Y.
@ROIYHS @RHOEBROS @RoUOENINWAJ Q00 IEBRSHS GREUVENITWOL HENBID@,?
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11.  QUDLIDOAVRIGWIVILIBS BT @S] deHOMING A BTN AUDBBHUB 10 cm MIBOJe
20 cm QWO 9L OO®IGMIANT  Hal0BIHWSHNIOMM  aBQ0e  Ieilw
QYOONVROMINAG Qlfdalo af)@ ?

Gal0BYo 12 M4 GAPIAG @RYEM. @4xX1=4)

12. 2098 @0 11 g3 OV BB YOIV GHWIVILI8S BT REITVEOMIWVIES 1
2193 DWAOMIT HAUBBo DETE. MeRAMIVILISS HASBOMIHAG @RSAT ag)@ L1906’
MMM MI0WIM MM of)(@ £IQA HAIBBe &SI GOleMo?

(1= 3.14, 1 epim. allg@ = 1000 £lQA)
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Appendix IX.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

ACHIEVEMENT TEST IN MATHEMATICS
STANDARD IX
Time: 1 hour Score : 25

Instructions
* Answer all questions.

* Give explanation wherever necessary.

* There is a cool of time of 10 minutes. Use this time to get familiar with questions
and plan your answers.

Questions from 1 to S carry 1 score each. (1x5=5)

1 The volume of a prism is the product of its ____ and height.

2 If x is a negative number, then |x |=___

3. All numbers that are not rational numbers are called ______

4 The curved surface area of a cylinder is the product of the __ and height.

5 |5-8|=___

Questions from 6 & 7 carry 2 scores each. 2x2=4)
6. If|x-5]|=10, then find the value of x ?

7.  Find the distance between points 2, - 6 on the number line then find the midpoint
of these points

Questions from 8 to 11 carry 3 scores each. B3x4=12)
8.  a.For what values of x, | x -2 |=|x-6?

b. For what values of y, |y-3|=|y+1]

c.Find |x+y|
9.  Mark position V2 in the number line

10. The base diameters of two cylinders of the same height are in the ratio 1:3, what
is the ratio of their radii and volumes?

11. The base of a rectangular block of wood is a square of side 10 cm and the height
is 20 cm. What is the volume of the largest cylinder can be carved out of this?



Appendix

Question 12 carries 4 scores. 4x1=4)

12.

A water tank in the shape of a cylinder contains water to a depth of 1 metre. The
radius of the cylinder is 2 metres and its height is 11 metres. How many litres
of water is in the tank? How much more litres of water is required to fill the tank
completely?

(m=3.14, 1 cubic metre = 1000 litres)
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FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

SCORING KEY AND MARKING SCHEME
ACHIEVEMENT TEST - STANDARD IX

Appendix

SCORING KEY
Qn No. Answer key
1 al9Bal@a]
2 -X
3 @REIM @ M6y
4 al03.2JQ8al
5 3
MARKING SCHEME
Qn Key Score
no.
IX-5| = 10 1 |2
X-5 =10 @ORIBIO3  X-5=-10
X=10+5=15  @ROLIHIG X= -10+5= -5
1
X =15,5
@RdHLlo = 2-(-6) 1 |2
=8
2 1
= -2
X -2|= [x-6]
X= ﬂ = 1
2
ly-8l=ly +1|
3+(-1)
= 1|3
=1
X+yl=4+1|=5 1
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9
B
B J 1 unit
pa l | e 0 A :. 1 1 Y
A | T | T s | 1 7
3 2 1 0 junit 1 2 3
V2 units
VoA GG QIO @AY
OS@EHIMo QIOGEMD,a10B0=1CM, HWOo= 1Cm.
@tﬁemoﬂ/f @RYHEM Mo @RMIIHZ BRSOT MVo6y GO6IWIM3
@ERSWIBHA|SEDN DM’
10 QIOAVEBBU3 MIIEISS @PoUdENIMWo = 1:3
a. @RO6BU3 MILISs @RoUdMIMo =1:3
b. oo ®oile)es @rewsniMWwo= 11r:2h : I11:.2h
=I‘12:I‘22=1:9
11 QYODMOIHAZ AIOAVo= MVALIDOOWING 63@3 AUWde= 10 HAV.0l
QYO MVoROMIOM Qldalo= 11r2h
Ql\0a o= ITx52x20
= 50011 22IM. H. ol
12 HAUSSOMIHTG DWOo= 1 ol
OSSOSO QlYdq lo= IIr2h
TIx2x2x1= 4TI
4x3.14= 1256 cm?
12.56x1000= 12560 eng(a
ol 10 2193 HWEo &S GAIEMo
O] GOIETE HASIOMIHZ @RBAI = ITx2x2x10
= 4011
=40x3.14=125 .6cm?
= 125.6x1000= 125600 £ilg@
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FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

SCORING KEY AND MARKING SCHEME
ACHIEVEMENT TEST - STANDARD IX

Appendix

SCORING KEY
Qn No. Answer key
1 Base Area
2 -X
3 Irrational number
4 Base Perimeter
5 3
MARKING SCHEME
Qn
No. Key Score
6 |x-5| =10 112
x-5=10 or x-5=-10
x=10+5=15 or x= -10+5=-5
1
Values of x are 15,-5
7 Distance= 2-(-6) 112
=8
Mid point = 222
=22 1
8 |x-2|= |x-6|
L] 1
2
ly-3|=ly+1]
_3+(-1)
= 1{3
=1
|x+y|=|[4+1|=5 1




Appendix

9
8
M ‘."..J 1 unit
pa | | o A I I >
1 T T T s 1 7
3 -2 A1 0 yunit ! 2 3
V2 units
Draw the number line
Draw the right traingle,base=1cm, height= 1cm.
Hypotenuse=v2 then mark /2 on the number line.
10 | Ratio of the diameters = 1:3
c. Ratio of the radii =1:3
d. Ratio of their volumes= mri*h : nir2’h
=r%:°=1:9
11 | Diameter of circle= side of the square= 10cm
Volume of cylinder= mr’h
=nx52%20
= 5001 cm®
12 | Height of water= 1 m

Volume of water= nr’h
TX2X2x1= 47
4x3.14=12.56 cm®
12.56x1000= 12560 2/1Q®

The water level is to be increased by 10m.

Volume of water required =mx2x2x10
=40n
=40%3.14=125.6cm’
=125.6x1000= 125600 litres.
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Appendix XI.a

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON
INFORMATION PROCESSING MODEL (IPM)
(Malayalam)
Name of the teacher : .o Class . VIII
Name of the school  : e Division :
Subject : WeMI®UITYo Strength :
Unit : ademaillminoe Date
Topic : @galefln Duration : 45 almlg’
Effect
Instructional Effect
° QAYOITY 2 1e/lK0VAYBIVEBUS OOENEATY :66NMBTDA

° a1l @Sl aleflvdo &M @HIBsI @:omm@om“ggueﬂm ag) o ®1G2]clamn

Nurturant Effect

° @REMICUIMIODE: aIOMOBIM @OIL|OYAENBIB:M

° MVMBAEREEROG @RAIWINMo §21QYIMBSB GUdH EMSD

° mlololmemI@3 a1l MNINWeA]S @JREBBUBHS alGladIV KHEENEZOMIMSS
MEMORINIo

° alemailSa 10S & &loel al®ldud @0lal0160) 92 l@MIW] (J@IB0lEHIM8s NEMIRII.

Principle of Reaction

J@ovloel eadlMiIgsud Il 0lwond @RWIAIBM Al3PAEMNlH:e8 alademgan.
milepoamae  @@IOMW  qudldl®emale  @adld@lendmd  @RWIA 1M alldydadle:es
GlaJoONIaslajlesmo.

Social System

OV Qo AlMAIW LISMHQYBBMIE).

Support system

EIBHBENIOAW), 2 lNIBGGI0WSaZ”
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Process

Response

Phase 1: Teacher Initiates
Slailflad @oemoan allallw®oe alEaVYEEBU3

ARBODIOENWINEM AT @219G]5)d06ME’
@RWda ild oV’ @RYQoElH30M0.
alouyeBglnel @) HBaUEMEBBUI,

®QEBBUE  af)mlad]e|ns aillallw®eo
A lQMVIEBBEICRINE HSHBIMN. @SGATY NI,
alomuyeEBgleelane &Sle80S (BERL OdI6M3
QI®BM.

Phase 2 : Presents the Problem

Q6NZ MYaOTD AU NIVBIG3 Galdf GRII6N3
2f)SO MVMBABo @RWYIAild: alOQN.
MaOTDSNBIQ  MNIWOJe  TYOZWo QNS
Q@YY 6108138 WMo aI@IMIWVR0 (@Bl
Q63 QIGAHUCOMES 10% aleflvo Mlosscd
GRIEM  af)SABMN. EMBAIGHo  B>S161010)
O®IAlaSQOMB  2I0MEAI0Ud MIWAT 12000
@GalQo MREEIM 12100 @BalQo @RSEQEIE]
QIOM. 6860 Dd», B60 alelld Mloas, 66O
OLIVBAT  af)ADVOGENBIEM BRSGQENS
@ HOI@3 A@OMVe AUAMND)?

Phase 3 : Explore relationship
among variables

QM QVMARAJ aldAYOo  @RAIGLIIG:Mo
921Q  GWaHo  ARAMEBH0M  (Wal
(@JAIBOmMMo) MIBGRUDo MTIBAN.

@owar g
D 10,000 10,000
QIGaHo 2 2
alellvo Moo 10% 10%
@RSa| Db 12,000 12,100
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Phase 4: Formulate Hypothesis

T AUMBAROMIOMYoe  @RAIGLIIHMo
£ 21Q@IMEUAHo af) A6 HI6TRBIETTY
@MW ARMPAMVe AUMDY af)m Qafl@d
21@g] ©a1QIM  @RYAUURHAISIN. DSAATY
@RWYIa l3EWIS”  6210BiEBBUW3  Gal1dGlo60
HOMoo  GaldBYEERUBHE @PW\Iaile  ‘yes’
@OLIBZIG ‘N0’ af)M  NI@DIWVIBlH630
DOMOo M@hdh. @RMIMIM  G2I0BYEBRUI
@OIM BRMEWIR\MIW] 62103166003

alOQa.

aflgpd@al : mowallm’I = PNR agyam
QAlDNDN@3 alefluo
HEMBNIHBEMINUB aleilud
2000 dslg0. MVLOWIOEM
alelloosm’ mowailay
eIEl o).

@PWYaild : yes

aflgdmal : e’ 100 @Gal BSO@3
@RSCYENE] aIam?

@RWLIaille : yes

ailgydmadl : @REY AUGUNO aleilud
Q6T G l@d630 1000
@RYB6MI?

@RWaille @ yes

ailzgydmdl  : ayeEslay e QIGaHE DI
alelllcad @ryeemo
Q@Yo QUMD ?

@RWaille @ yes

ailzpdmal  : EeNEe AUBHHOM aleilud
MYEM 1100 @REM'?

@OWYaild: : yes

aflgdmal  : @Ea 003 AYEeElaY 100 @Bl

@RWYdaild

&GO QUMDY
@R)BYQIGHAILNlQHS 10%
@R 100 (BalQo &Sl
&Slo®oem.

:yes
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@sBM 21@4]01@3 Moo  af) OWIG4IGaN
DOV RS C@IWlh D593
@RWLIafld aloQan.

@RBYAUGH alellud E6ME Gal@d8e @AM,
MEEIM 06MBle  AUGHUHO  alefluo
HEMAENIAHNWEA]IUB @RYBYAUGH aleltoRo
&S] alellud &M ENIBSWIENY &Sl ©).

Phase 5 : Test hypothesis and
Possible solution

TLIWIEM aleflvo BN AHIAEBAM
OlIQRIW]  NIMWESOm]  MIGWIPEMo
£21Q003 @RW.IAld: aloQmo.

630MJo | 60

e
QIBaYo | QIBaHo 2

O®@3 | 10,000 | 10,000
mowal 12,000
aleflo | 1000 1000

O®@3 | 10,000 | 11,000
e 12,100
alefluo 1000 1100

@RUWEBUWE  ERAIMGla]la @I BUWaH.
ARBLOIGHOHOD  alelln® &Sl aleilvo
HEMONIABM  aleflo  olo)l  9eeneMo
@OOMo albfld MEYBIVHOM iGaleilud
af)MMIEM alOQMMNOHMMMo  @RUWIA o
allvadle:clesm.

@RYUOWo POWET point @3 H6mMlasan.

Phase 6 : Helps to verify the

accepted conclusion

@galeilu af)amn GQIWH©)
90 flasan@Imowi DOQOM3 @J@o
aI@laOGlHHIT MTIH.

MYOQo EIWIHQo 20,000 (Bl 63@3 6NINESG3

Wledally).  apa  qVIWOEEM  aleilud
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mlosslele oWle: @galelvn  mlossiel
@Y MICBHA ila]0). 8% alellvo MoBsIG3
Q6M3AIGaHo BHS161010) PEMBEA IG5 LIGIABOM
D af)@WIB0?

aflzyadmAld:u3 MVIWIREM aleilud, aleiluo)
alelllo  af)an  @RYUWEEBUE  DaleWIWla]
@)@ 1@Bln0200 NS M.

Phase 7 : Analysis of thinking
Process

@&galell af)amn @RV OTIG3
af) OB I3 (JQIBOTMEEROSB Ol VdHLIMo
O alQHQo allzyodmileges @t
EYGEY W DENBIW QIO
2l 36866301 5J0 OllUoEld@ElasMM0.
alemollsaldsl@d Aoy alellvol@leud
DOEMBMo  HONIW] lBlEUIWl,] GUaHo
aleMmailsSaldSdud MSOMeMo  af)aMm  aflam
Sl EI03 af) OO EBM.

Follow up Activity

@61l @AIMo QANABaHlE: MEBHIT3 BT DHY O6NZ AIGHEOMBE) TVIWIOEM
a1elLWIV]l 200 @a ! LIEl,). BREM DHY GRE® MIOBHIT3 E6NG QIGHCOMBE LIElHBM

ggueﬂm af)@@I6m™?
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Appendix XL.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON
INFORMATION PROCESSING MODEL (IPM)
(English)

Name of the teacher : ... Class : VI
Name of the school  : ..o Division :
Subject : MATHEMATICS Strength :
Unit : Money Maths Date
Topic : Compound Interest Duration : 45 minutes
Effect
Instructional Effect:
. Identifies that different types of interest calculation methods.
. Understands that compound interest is calculated by adding the interest to the

principal for further interest calculation.
Nurturant Effect:
. Develops an interest in investigative learning.
. Gains the ability to analyze situations critically.
. Cultivates an attitude to solve real-life problems related to interest.
. Builds awareness to recognize and respond appropriately to fraud in financial

transactions.

Principle of Reaction

The teacher supports the students in identifying the variables in the problem and
encourages them to form hypotheses and verify them.

Social System
The classroom environment is moderately structured.
Support System

. Blackboard, PowerPoint
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Process

Response

Phase 1: Teacher Initiates

The teacher begins the class by asking
students about the types of advertisements
they see on TV. Through discussions about
the attractions and  strategies in
advertisements, the focus shifts to different
types of advertisements and eventually to
banking advertisements.

Phase 2: Presents the Problem

The teacher narrates an incident where two
friends went to a bank to take a loan.

Madhav and Suraj, two friends, took a loan
of 210,000 for two years at an interest rate
of 10% from two different banks. After two
years, when they went to repay the loan,
Madhav had to pay 12,000, while Suraj had
to pay 12,100. The teacher poses the
question: Why is there a difference in the
repayment amounts despite the same
principal, interest rate, and time?

Phase 3: Explore Relationship Among
Variables

The teacher assigns the students to compare
and analyze both scenarios in groups and
present their findings.

Details Madhav | Suraj
Principal 210,000 210,000
Time (years) |2 2
Interest Rate | 10% 10%
Total Amount | 12,000 | 212,100

Phase 4: Formulate Hypothesis

After analyzing both scenarios, the teacher
encourages group discussions to determine
why there is a difference in the total amount.
The teacher also allows students to ask
questions but will only respond with “yes” or

(13 "

no.
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Student Questions:

When Madhav calculates interest using
I=PNR, is the interest T2,000?

Teacher: Yes
Did Suraj have to pay Z100 more?
Teacher: Yes

Was the first-year interest the same for both,
<1,000?

Teacher: Yes

Was the difference in the second-year interest
for Suraj?

Teacher: Yes
Is Suraj's second-year interest T1,100?
Teacher: Yes

So, the extra 2100 comes from adding 10% of
the first year's interest 1,000?

Teacher: Yes

The teacher consolidates the conclusions
from the discussion.

Conclusion:

In the first year, the interest is the same for
both. However, Suraj's second-year interest
was calculated by adding the first year's
interest to the principal.

Phase 5: Test Hypothesis and Possible
Solution

The teacher asks the students to relate their
findings to the method of calculating simple
and compound interest.

Year Principal | Madhav | Suraj
First
Year
Second
Year
Total
Amount

10,000 | X1,000 | 1,000

10,000 | 1,000 | 1,100

12,000 | 12,000 | 12,100
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After presenting the findings, the teacher
explains that compound interest involves
calculating interest on the accumulated
interest from the previous year. This method
is shown using a PowerPoint presentation.

Phase 6: Verifies the Conclusion

To reinforce the concept of compound
interest, the teacher provides another
problem:

Problem:

Suma and Radhika deposit 320,000 in a
bank. Suma earns simple interest, while
Radhika earns compound interest at an 8%
interest rate for two years. How much will
they each receive?

Students solve this problem using the
concepts of simple and compound interest.

Phase 7: Analysis of Thinking Process

The teacher analyzes the activities that led to
understanding compound interest. The
teacher also discusses the different
perspectives  observed  during  group
discussions.

The teacher emphasizes the importance of
understanding different interest calculation
methods in financial transactions and urges
students to carefully evaluate such aspects
before making decisions.

Follow-Up Activity:

At an annual rate of 5%, a sum earned X200 as simple interest for two years. What
would be the compound interest for the same sum, rate, and duration?
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Appendix XII

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

LIST OF ART FORMS USED IN AIIPM
(STANDARD VIII AND STANDARD IX)

Unit Learning Outcomes Art forms used

Standard VIII

 Explains the method of computing | Drama, pictures
interest by simple interest and | (comic, trolls,
compounding interest for interest. | etc.),

Music

 Explains the method of computing | Skit,

amounts under interest Drawings
compounded, half yearly, quarterly
) . Role play,
Money Maths or in any frequencies. .
pictures
(comic, trolls,
etc.)

e Solves other practical problems, | Role play
using the method of compound | Tapleau

interest. .
Drawings

dance

Drawing and

9. Finds the measurements needed to colouring

specify a parallelogram.
Role play

10. Draws parallelogram according to | Drawing and
specifications. colouring

11. Finds the measurements needed to | Role play

Construction of specific trapezium. puppet
drilateral

Quadrilaterals 12. Explains the methods of drawing | Dance
trapezium according to (Movement )
specification.

Craft (Card
13. Draws quadrilateral according to | Mmaking)

specifications Role play

Puppet
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Prisms

Explains the method to find the
area of prisms.

Skit
Content writing
(Reporting a
news)
Craft (thread)
14. Draws a number line and explains .
! . Drawings
its properties.
Music
15. Describes the method to find | Role play
Real Numbers distance between two points.
16. Computes the midpoints of two | Craft ( thread)
points.
17. Identifies absolute value of | Drama
o numbers. drawings
.
—
-cu; * Describes the method of finding | Craft (clay)
s volume of prisms.
n
Origami

Drawing and
colouring

Describes the method to calculate
the volume and area of a cylinder.

Puppet
Origami

Solves practical problems related
to prisms.

Role play
Script writing
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Appendix XIILa

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON
ART INTEGRATED INFORMATION PROCESSING MODEL (AIIPM)
(Malayalam)
Name of the teacher : ..., Class : VIII
Name of the school .., Division :
Subject : WeMI®WIYo Strength :
Unit : alemallmla®e Date
Topic : @agelelln Duration : 45 allnlg’

Effect
Instructional Effect

®  QOMY alellUodIVMYBIWEBBUZ DHEBAT HEENBID A0
° alellog) @Sl alelluo &M @IS B:0eMMMIET @5alellud aga dldlalclg o

Nurturant Effect

®  @REMIEUMIONDH alOMOWIMY MIL|OYABIG
®  qUMAREEBOS @DAIWINMo 6)21QYINBS GUOAHUl GINFAT

° mloyElolmomIa3 a1elluoQnio] MmITWea]S @JREBBUIGE A ldla0d0o dMEMMBOMIMSS
DBMIRINIo

° alemailsa 10S&H &GOl al®IEu3 @IBla|01601) 9 2NV (@ JBClEnIMSE NEMIRII.
®  qUMAREBH8 ALY AlMIVIGE @PAIM Gl lendmoe @RAIVIAIENIM. GUdaHl GMS.
Principle of Reaction

af)Bld alom epigeEBElejo @PWYIAId@ QlBPAMA:HS8 allaem@an. @RHAS DHABEWHUS
apIgeaBgleelas alldyR3mAl;e8 G)IOrIadlajlesmm.

Social System

@RUWOAIBMI @AY MMWEWHUM  °LISEBRUE MIVATIBBMND. GHOaAU Qo  AlMRIW
00ISMQBBIE).
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Support system

@RAT MWEWeH - W], GSIUB all@o IBHENINAGW), al0I@Ca 100"
Pre planning of Art integration

Art integration phases - phase 2 , phase 5 and phase 6

° MISHOMINSBS @IOHNIN

° MISHOMIMIWV Qil3LHAEMAIGRHS @QYININEDH

Phase 1: Teacher Initiates

Slailflad @oemoam allailw®oe alEMVYEBRU3
ARBOIOENWINEM AT @196 5)d06ME’
@RWdaild oV’ @RYQElHE300.
aloaV\6EBgInel @R HHBaHEMEBBUI
oO@EBUW  afarladiems  alalwmoe
alQMVAEBBEICRINE BHSABM. DSGT 6NIIE;
alouyEBglenldne  &SlH8OS  (@RL
)6 QAUGBN.

Phase 2 : Presents the Problem

Q61 MYaHTDHNUB 61UIES1MT3 BaldWf] GEI06NT
2f)SOM MUMARe VIS Q3L RAMAlHU3
@RAI®Elflesan (drama).

@RAI®OMo  (BWERUlg]  HEMBOIMEUHo
0f)ADOHITBIET  ANZEAIBBHE0  QNOITY
@ GRINY @SOS  GAlNEl  QIAN®@)?
af)amy @RWYIalld: Gal1dElesamn.

Phase 3 : Explore relationship
among variables

Q6B AUMAROJ alPdY@o @RAIGEIIM:Mo
92l  GUWaHo  @RAIMAlaflenond (Yol
(@JAIBOMMo) MIBERUDe MMTIBAT.

a0adl | Hlo»lad

(OFN 10,000 | 10,000

QIGaYo 2 2

alelluo Mloss | 10% 10%

@RSa] O 12,000 | 12,100
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Phase 4: Formulate Hypothesis

QM qUMAROMIHMQo  @RAIGEIIM:Mo
8 21Q@IMEUHo af) TDE)B>06TBIGITY
@MW ARGIOTVo AUM@ o)) Qo fl@d
21@3] ©2IQOMW G@RYAUYAAISTD. DSAAT
@RW\a le:6Wwos’ 62103468803
¢210310606M Mo G2103468BU3H6)
@owyoaile: YES a@neciaslad NO agar

ailaydmal

@RWIIA fld

ailzydmal
@RWIIa fld

ailzydmal

@WYdaild

ailzydmal

@RWLIa fld

ailaydmal

@RWIIa fld

ailzydmal

@WYOaild

MI(@MOV]@H630
@RMIMITI
@RA0EWIRINIW G21dGlHNIME alOQYD.

O OI0o M@ Bss.
G2l03y688U3 @Iy’

a0@les I = pnr agyam
AlVN@3 aleilvo
HEMBANIBBENIIUB aleiluo
2000 nﬁﬂ%o. aVIWIEEM
alelltoaem a0dlasy

eICl 4o,

yes

@I 100 @Ba! BSOT3
@SEQENE] alam?

yes

@B} AUBHUHO aleflud
Q6ME’ Gal@H630 1000
@1R)G6TNI?

yes

oI 6o QIGaHE OT
alefluoiad @reemo
QYOI QUMDY ?

yes

6300 QIBAUSOTO aIeilud
@Iy 1100 @Ryern ?

yes

@G Joud H@IM 100 @Bal
SO0 QUMY
@RBLQIGHAILNQHS 10%
@RV 100 BalQo &S]
&Slo®oem.

yes
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@sBM 21@4]01@3 Moo  af) OWIG4IGaN
DOV EEROHS C@IWlh D593
@RWLIaild aloQan.

Phase 5 : Test hypothesis and
Possible solution

Drama (scene 2) @aI®@loflesamn.

@s3am’ allzydmale:86s mlwamo
@RAIMAlaflesamn.

@RBYNIGH aleilud E6ME Galddse @EMe
Loy ©6rmlo QIBaHUE OT0) aleilvo
HEMENIBHNWE]IUB @RYBYAIGH alellvodse
&S] alellud &M ENIBSWIENY &Sl 0Y.
aLIWIEM alefluo HEMNHHIABAN
Al®IQ2X]  MITWeHaSOM  MIGWIEMo
219003 @RWYIaild: aloQMn.

Phase 6 : Helps to verify the
accepted conclusion

630MJ0 | @6M=J0
QABaHo | QUBaHo

A®@3 | 10,000 | 10,000

0@l
aleilo | 1000 1000
Q@3 | 10,000 | 11,000
Hlolad
aleilo | 1000 1100
allzgyodmaleg6s @RUOWEBBUI

@RAIMAlaila|@lM’ 6WaHo aleilo &Sl
alelllo &EMENIesMm  alellla oo
OHENBOMo @ROMOo alellud TVAYBIWVWEH T
@galello eIy alOQMME®N.
@wWydaild: allvdle:clesmo.

@RYUOWo Power point @3 &oemlasamn.

MLOWIEM alellud, @galellvd aalaiges
8@ troll picture :oemlosam.
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Phase 7 : Analysis of thinking

Process

@galeilu ag)an @R OTHI@3

af) OMIC2IGOM (JAIBOMMEBRHSB QflVdd:LIMo

DETEL allzyodmileges @

2103 5|@3 DENBIW QLT

2l 36866301 5J0 OllUoEld@ElasMM0.

alemaillsaldsl@d Aoy aleiluoool@le:ud

DOHEMBMo  HOINIW] lBlEUIWl,| GUaHo

aleMmoilsSaldSdhU8 MSOMEMo, af)an  allam

ASlHSGT3 af) OMISEAM.

Followup Activity

e @@l VOAIMo ANBHD MILsIG3
B®W OMHY M3  QGHCOHE
aqVOWIEEM aleflltowow] 200 @l
eIdly). GRE® DHY @PE® MlEOHIC3
Q613 QAUGaUBOMES LIElSaM g§ueﬂua
af)@o6m™?

* MOQo IWIHQo 20,000 @Bl GG
IR MlEHHallg]. YO TLOWIEM
alello mlosslele WG @galelld
mloasleje  @ysm’ MledHalla)o). 8%
aleflvo MESSIG3 EENZAIGaHo  B>$16101)
Q6MBBAIBHE0 elclessan O
af)@WIds0?
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DRAMA SCRIPT

(@6onE’ MROTDEHBOS MoRIAHUMBOMINSWIEM Scene 1 @RyRoElAsaM®). )

a0@l

Hlolad

a0l

Hlolad

0@l

Hlolad

0@l

=Hlolad

Degree odlsomecio! Ml agyoameslejo pocket money
cﬁﬂ§<m 8@ side job 21Q6Mo. ®SB aIOMOMIEMINSIalo BT
e=0eil.

6100 ERMIOHMERO 2] MOINMWIEM @RYGLID 2NlABIM @Y. af)aD)
@=30e1?

@eajo  online  marketing trend  @remegio?
@EROIMINMBI@3 @RWId investment 0o calere. MaHE
MORMIVADEMEBBSo MA].

Online marketing! ga0.... Business. @REOMMIHE
vodleagslel.

Hlolom, Ml HEa]oud a0 s(ysms af)SEBATVIEI? @) Gaddo
Séoﬂd(’ﬁ &AM 6306MINHLING 6).21QYIT3 AG). 6306MIOHLING Séosaoﬁ.

@) @R VOGIWIEMEGEN... DG af)eldo BIMINHLIN @R)a]
AGlIem. e9MIGITY @al @reBeOMm mloWwl @Rl
DENBGRI0. MENU3 @RYOERIGMANIW QIBHEH 62IQITI MYHGo
UGV @RYMdo. @REGEI, M af)AMIETY B306M3OHEINS enilavlmamy
8219003 Galdd:aM@®?

af) MBS aNIaUM af)Mo BT ORI B306MeeeInd cloth
GaHIa ] ®SEBI3I0.

@B MO B@aldS MAWHAUTYHAG GOINB. 600 SIHHIM
ARG &S @ HAWBHAUTYHAG @GR afldR 0.

QEMZEA Mo @SB DMHAUTYHAFIOM gl @GR lEBMM. MINEKITE MM aleMoe QIOQY
af)Se90M8  OI@B2IMIEBMM. @SB MBI Galdwl  alleseBWd  uoaIRlEnI3

O@BAIM]H6300.

Scene 2

(‘n10@s o 1BlNV6’ MEMZEAIT30 QIMYTY NIDEIE3 WA HRIOHENIC3 GaNIEMI@]...)

0@l

Hlolad

Wwo, MO eNIEslEINeM. aflos 10% alpllo @oienmy
aloenm). M1 @RANSS @REMIaHIG]0?

@R MOlOSQo G@REEROHMWIE AlOM®. of)Eslod Ml @R
en1oexl@d loan @oafleanauad OHIFEOMIG MM WAllOSQo
O DHISHNo.
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(06T3EA 1Mo MIOEITE BRIENE BRAIIGHNAUD H@:IFHBMO! G0 BAIRANNG HOHMVB 6.21QMo!
enfladlmay” @SERaM... EMMZAIGUOTHIMEUHe GLIND GBIV §21QIMB @I@BAIM]HEMMD.
Q6MZEAIMo NINBITI GaldW] GRINNG GRHINY §2IQAN. )

Scene 3

0@l

Hlolad

a0@l

Llmlad

a0@l

Hlolad

a0@l

Part II

a0@l

Llmlad

a0@l

Llmlad

a0@l

@REBOM GERI1061T3 @RAINVIMlafla). aLAWIMMIWI.
@MUY Caldddg M6l @lgamens. sniladlmapilad aslam’
12000 @l NI @RS ). DM,

2g)a0) 12,000 ¢M0? af)Mlds) 12100 @RWELII?

100 @al 6MDBIOAG  afpaOBIR)e  audallay  a0@ed
@Ry lolsso. . .

o, audallay’ 210322 amalel ag)ary @PAId  EMEEOM
alOEuM@IET).

@REBOMOHWHHIG  MEM®O 1007 D mleiy’ 100000
asomI@OMBIC3 M1 10000 HSOT  GERSCHNEEI
Q@O @a0.

oM @RAIGHE ( NIBLIM’) HDG] H6MEMI?

Mmaas AlSIa3 Galow] @RYBYe aldM MNIBH BMIBHo.

Zolom, MIMESH E6MBIo QAl@aHe 1100 @RYerN aleild. af)mles’
1000. MG MI08sl@3 @galeilvdlolioay.

af)a® alello alellvo dlolewo!
@OOD...

eN10E1@3 GRIEMIM’ §.210NEA0U3 GRMINM alF] BMo SO @3
Galodlafle)l @ROMOHP  HMQIEM.  @RAIG  alOI
GALIIBHNAZI VG af)Llde  HOTLAY 921Q.  af)MIWVWILJo
DMO@IT  a100MIEM af)MlHe). M nilavlmadlnng aiISleu3
210f15]1 $:@0003 D BT @RMERAI TVaNIW]B30.

af)Mlds3o.
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Appendix XIILb

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON ART INTEGRATED INFORMATION
PROCESSING MODEL(AIIPM)

(English)
Name of the teacher : ... Class : VI
Name of the school  : ..o Division :
Subject : MATHEMATICS Strength :
Unit : Money Maths Date
Topic : Compound Interest Duration : 45 minutes
Effect
Instructional Effect:
. Identifies that different types of interest calculation methods.
. Understands that compound interest is calculated by adding the interest to the

principal for further interest calculation.

Nurturant Effect:

. Develops an interest in investigative learning.

. Gains the ability to analyze situations critically.

. Cultivates an attitude to solve real-life problems related to interest.

. Builds awareness to recognize and respond appropriately to fraud in financial
transactions.

Principle of Reaction

Teacher support the students in all learning phases. Encourages the students to the art
integration phases.

Social System

Art integration phases are controlled by the teacher. The classroom environment is
moderately structured.

Support system
Art integration - script, troll picture

Blackboard, PowerPoint
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Pre planning of Art integration
Art integration phases - phase 2 , phase S and phase 6
° Script for drama

° Prepare the students for Drama

Phase 1: Teacher Initiates

The teacher begins the class by asking
students about the various types of
advertisements they see on TV. Through
discussions about the attractions and
strategies in  advertisements, the
conversation transitions to different
types of advertisements and then focuses
on banking advertisements.

Phase 2: Presents the Problem

Two friends go to a bank to take a loan,
and the situation is presented by the
students through a drama.

After watching the presentation, the
teacher asks, “Why did the two friends
have to repay different amounts despite
taking the same loan?”

Phase 3: Explore Relationship
Among Variables
The teacher instructs students to analyze

and compare both scenarios through
group activities.

Details HARI JITHIN
Principal Z10,000 Z10,000

Time

(years) 2 2
Interest
Rate 10% 10%
Total

%12,000 %12,100

Amount




Appendix

Phase 4: Formulate Hypothesis

After analyzing both scenarios, students
are asked to discuss in groups why there
is a difference in the amounts. The
teacher allows students to ask questions
but will only respond with ‘yes’ or ‘no.’
The teacher encourages students to
frame questions appropriately.

Student Questions:

When Hari calculates interest using
I=PNR, is the interest 32,0007

Teacher: Yes
Did Jithin have to pay Z100 more?
Teacher: Yes

Was the first-year interest the same for
both, Z1,000?

Teacher: Yes

Was the difference in the second-year
interest for Jithin?

Teacher: Yes
Is Jithin's second-year interest T1,100?
Teacher: Yes

So, the extra 100 comes from adding
10% of the first year's interest 31,0007

Teacher: Yes

The teacher then guides students to
consolidate their findings.

Conclusion:

In the first year, the interest is the same
for both Hari and Jithin. However, in the
second year, Jithin’s interest was
calculated by adding the first year’s
interest to the principal.

Phase 5: Test Hypothesis and
Possible Solution

The students present their conclusions
through another drama (Scene 2).
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Key Findings:

In the first year, the interest for both Hari
and Jithin was %1,000. For the second
year, Jithin’s interest was calculated by
adding the first year’s interest to the
principal.

The teacher explains how this is related
to the method of calculating simple and
compound interest.

Year Principal | Hari Jithin

First Year | 10,000 | X1,000 | %1,000

Second | 516000 | 21000 | 21.100
Year
Total 212,000 | 212,000 | 212,100
Amount

The teacher explains that compound
interest involves adding the first year’s
interest to the principal for subsequent
calculations. This is illustrated using a
PowerPoint presentation.

Phase 6: Verifies the Accepted
Conclusion

After presenting their ideas, the students
are introduced to the concept of
compound interest. The teacher explains
that calculating interest on accumulated
interest is known as compound interest.

A troll picture related with simple and
compound interest is shown.

Phase 7: Analysis of Thinking
Process

The teacher analyzes the steps taken to
understand the concept of compound
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interest and discusses the different
perspectives observed during group
discussions.

The teacher emphasizes the importance
of understanding the different methods
of interest calculation in financial
transactions and encourages students to
verify such aspects carefully before
making any financial decisions.

Follow-Up Activity:

1. At an annual rate of 5%, a sum earned X200 as simple interest for two years.
What would be the compound interest for the same sum, rate, and duration?

2. Suma and Radhika deposit 320,000 in a bank. Suma earns simple interest, while
Radhika earns compound interest at an 8% interest rate for two years. How

much will each receive?
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DRAMA SCRIPT
Scene 1

The first scene begins with a conversation between two friends.

Hari : We have finished our degree right now! Now I wish I
could do a side job along with my studies to get some
pocket money.

Jithin : I am also thinking about it. What job can we do?

Hari : Nowadays, online marketing is trending and not much
investment is needed for it. We also wouldn't have any
time schedule.

Jithin : Online marketing? Huh! Business won't suit me.
Hari : Hey! You have been taking home tuition, right?
Just take the same as online, like and online tuition.

Jithin : That's a great idea! Lately, everyone is using online apps
and platforms. For example Bijus, ig app. If you honestly
and sincerely work we can succeed in our life! Amn't I
right? What are you gonna do?

Hari : I am obsessed with fashion, so I'm planning to start an
online cloth shop.

Jithin : First of all, not much investment is needed for it. If we
have come to the track everything is gonna be a cake
walk!

Both of them are thinking about the investment. They have decided to take a loan from
the bank and for further enquiries they approached the bank.

Scene 2
At the bank....

They're at different banks and they both are having a conversation on their mobile
phones.

Hari : Hey! I am in the bank now! Here they said that they
would give me a 10% interest. What about yours?

Jithin : Yeah! It's the same scenery here. Then you can give the
loan application to the bank.

(They both have given the loan application. They have signed numerous documents.
They started the business.... 2 years passed! They decided to close the loan.)



Scene 3

Hari

Jithin
Hari

Jithin

Hari

Jithin

Hari
Scene 2

Hari

Jithin
Hari

Jithin

Hari
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Finally that's over! It's a relief now! I am able to meet the
growing expenses for myself with the business. I have
paid 12000 rupees at the bank. Now...

12000? My amount to be paid was 12100.
The 100 rupees might be some service charges.

No! They have already mentioned that there are no
additional service charges.

Then, what's that X1007? If this situation was like this and
you took Rs 100000 as loan, you would have to pay
rupees 10000 more in addition.

Ehmm.. what if the bank officials had made some
mistakes?

Let's go home and check the passbook.

For you the interest is X1100 for 2 years. For me it's
%1000. In your bank it's compound interest!

How come? Compound interest?
Yeah! Exactly.

When I had approached the bank for the loan, I didn't ask
anything much. I regret it right now! You know what, I
signed a bunch of documents given by them without
asking a single word about it! Anyway, this must be a
lesson for me. Later, I wouldn't make this same mistake
again!

Same
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Appendix XIV.a

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON PRESENT METHOD OF TEACHING

(Malayalam)
Name of the teacher : ..., Class : VIII
Name of the school ., Division :
Subject : WeMI®WIYo Strength :
Unit ¢ atemallmln®o Date
Topic : @agalelln Duration : 45 allnlg’

Learning Outcome

Concept

Pre-requisites

Attitude and Values

Learning Resources

* alpflo @Sl alellvd &HemanIas ggmeﬂm
&26mam alo alluodle@lesam.

*  MVOWOREM alello®o  @Salelluoe  @enlad
@IOMAYo §)21QIN3 S,

960 HILIVEBONBje D@3 MIOIHOHINEIBIOB Qo

21ElesmMm alellto@o MIQMM @Gl ggmeﬂua.

aLOWIREM aleilud &hIeMmImas @Clal

alemallmInWoe MSTMEMIIUE RIWD aldeildndo

21DEBGH 03 @I@]2J01IMo BFlQYN.

MVaOMOEM  AGMIRIA, @JW] olGla0d0GUAH,
@6WIUTl® (@JWEBBUE WEMIMalENIW AloIWIa3
MIBRLICEMo HAIYIMBS HhSlal, Allm@uomoTnd:

aflao.

@JUBOM HIBGWW, RIVBE) GG,

alQl@ Galdlads’
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aloM@)Glw

@)@ 6mM6e3BU3

Slailflad @oemoan allallw®oe alEaVYEEBU3

aBO®INBNWINEM AT 621061 )0 06ME’
@WYdaild KoV’ @RYQoElH3M.
aloOV\6EBRgIn! @) H>BaHEMEBBUT,

o@BW  afarlacdieles aflallwomeo
alomuieEBglcRIane @M Mlary 6nIos;’
alRMVIEBBSICRINR0 UBREL HBIENMZAUTAN.

Mo @MU QIGEMIIUE 6NI08;103
mlary GRIENM  af)SBNIQEME. N3 aldALy
GENIBWHUB I 2|0)RH06ME DDIG3 GO
N3 AVlaMoeM’  aleMo  @RHQUIGINIWS]
QA@MEMNIIWB BRI  af)SABD o)y’
@MW ild Ga10Elasm.

10% aleild
24 mOMVoe@eE 1 Eldhto @)al
1.20 eldto @)al0adh)o.

10% ateiln

24 moavo akINE 1 Bldod)al
121 e1ads @)al@ad)o.

@JUdOmMo:1

QM NINBIOLIYo aleld Mlods, alGaHo
o)Al af)elde  BMEaIIRL!  @RYDI@N.
QEMZAUIBHo  HFIE00) @PSEREMNE D HWIG3
QU@L QIm. ) TDEB>06TBIGITY
Q@O AUMD®? o) QaflE3 2lBa)
92l HOEBOMIMW  alOQM0.  Qal
@JUBOomMOIM @R)YQUUYNIW
MIBEZU6BBUZ @MW il M@,

LIWIREM alefluo HEMBENIABAN
OlOIQRIW]  NINWOAISOm]  MIGWIREMo
921QOIMEWAH, B0EV0 Yoo BRAIGOS
@R)YUOWEBBUZ @RAIMAlaflasam. @al
@JAUBOMMOMINL!  @RYUWEBBUZ  ERIIBE
GNIAWIGE  af)EDIQTIMVEUH  @RYUDIWo
@RWYdalld: G@IU]B@lHBM.
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BN | ©6TRI.
o
QlGaHo | QAIBaHo o

ooms | @G | 10,000 | 10,000
12,000

1 alello | 1000 1000

sy | @G | 10,000 | 11,000
12,100

2 alello | 1000 1100

@RBYAGH alflldWO® 1000 @alQ @S,
@6MBJo  QIBaHo  alefld  BHEMBENIBE.
@RMIVD® ©6MBle AUBHOO™ gO®elecmos
@BYIGH  alello  @sleiem’  aleiluo
HEMBNIANNQ D). @BRDEHHIENBIG
QEMBINOO  MNIBITI D &SI,
@RBIGH alellloes (1000 6 10%)
@R 100 (BalWIAT PEMBIAIGAHIAUATVIMo
SSORNY] AMD. MHOMe  aleilud
V@YBIWE O @galelluo af)amoem’
al0oQMO®MMo  @RWIA(ld:  afltddle:@l
B30,

aLIWIEM alelVIM3 WMo QMW
alell’ @Sl alpflud &M enIBesa aleiluo
olmwosm’ ggmeﬂm.

@JOIBO™Mo:2

ggueﬂuo DUBNAISIM NHQI@ (@JAIBDOMMo
M@HM.  (JAUBCTM  HIGWIRISS (@J@Qo
@Ol 21@s]  ©21Q  alGlaOGlHEHID
@MW ild alOQD.

MYOQo EIWIHQo 20,000 (@a! 63@3 6NIOB1T3
MledHailyl.  apa  ALVOWIEEM  aleilud
Mlossleje 00wl @galeilv  mlossiel
@Y MIEBHa ila]@). 8% alellvo MoBs]G3
Q6MBAIGaHo HS161010) EENZEAIBH830 LIEABM
DD af)(@WIBz0?

Qo AUBOMMODITY GUWaHo lBla0@ls
Al MIods  @MIABIE3  @RWIA lld
af)g@®M. aleilvogy &S] aleflvo
HEMHNIBEMUIU ggueﬂuo olo
aLIWIEM  alLllVOI@d Mmoo QMY Vo
af)an @RYUOWo DOl M.
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@SB @JUBOMo

@i OMAIMo  AI0GaHld: MEBHTE B@W DHY 6N QAUGNHUEOMEEH AVIWIEM
a1elLWIV]l 200 @al LIEly). GRED DHQY GRE® WEHSITE ENZ AIGHEOM L) LIE1HBM
@5alelluo a)@osm?
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Appendix XIV.b

FAROOK TRAINING COLLEGE
Research Centre in Education
University of Calicut

TEACHING MANUAL ON PRESENT METHOD OF TEACHING

(English)
Name of the teacher @ ... Class: VIII
Name of the school  : ..o Division:
Subject : MATHEMATICS Strength :
Unit : Money Maths Date
Topic : Compound Interest Duration : 45 minutes

Learning Outcomes

Concept

Pre-requisites

Attitude and Values

Learning Resources

* Explains the method of calculating
compound interest by adding interest
to the principal.

* Compares simple interest and

compound interest.

Compound interest is the method where
the principal changes over each time
period, and the interest is calculated on
the new principal.

Knowledge of
interest.

calculating  simple

While engaging in financial transactions,
one develops the ability to remain
vigilant and identify potential pitfalls.

Encouraging  cooperation, problem-
solving ability, practical problem
analysis using mathematics, and critical
thinking.

Activity cards

Blackboard

PowerPoint
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Learning process

Responses

The teacher starts the class by asking
students about various types of
advertisements they have seen on TV.
By discussing the attractions and
strategies in advertisements, the focus
shifts to banking advertisements.

The teacher then shows two
advertisement boards and asks, "From
which bank would you take a loan if
needed?"

10% interest
1 lakh rupees grows to 1.20 lakhs in 24 months.

10% Interest
1 lakh rupees grows to 1.21 lakhs in 24 months

Activity 1

The interest rate, period, and other
conditions are identical for two banks.
However, the repayment amounts after
two years differ. The teacher asks, "Why
is there a difference in the amounts?"
Students discuss this question in groups,
guided by the teacher's instructions.

Each group presents their ideas after
determining the difference in terms of
the method of calculation. The teacher
consolidates the students' ideas on the
blackboard and explains further.

First |Second
Amount
year | year
Principal | 10,000| 10,000
Bank 17 erest | 1000 | 1000 | 1290
Principal | 10,000| 11,000
Bank 2 Interest | 1000 | 1100 12,100

At the end of the second year, Bank 2's
total amount is higher because the
second year’s interest was calculated on
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the updated principal, which included
the first year's interest. An additional
%100 (10% of %1,000) resulted from this
calculation. This method is known as
compound interest.

The teacher explains that, unlike simple
interest, compound interest involves
calculating interest on the accumulated
interest as well.

Activity 2

Another example involving compound
interest is provided.

Suma and Radhika each deposited
220,000 in a bank. Suma earned interest
at a simple interest rate, while Radhika
earned interest at a compound interest
rate. After two years, how much will
each of them receive at an 8% rate of
interest?

The groups discuss and solve the
problem. The teacher then writes the
solution on the blackboard and confirms
the understanding of how compound
interest differs from simple interest.

Follow-Up Activity

At an annual rate of 5%, a sum earned 3200 as simple interest for two years.
Calculate the compound interest for the same amount, rate, and duration.
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Appendix XV
Certificates from Experts
CERTIFICATE

This is to Certify that Smt. Saritha A S, Scnior rescarch scholar, Farook
I'raining College, Kozhikode has consulied me in the process of construction and
standardization of the lesson plans in Mathematics as part of her rescarch work

among students of dard VI and standard 1X.

1 have gone through the lesson plans and have suggested appropriate

maodifications wherever necessary.

1gnaturs i
SAHE“ED" -

Place M. A
pr. L A796% | ad
Date 0188209 PER T piET PaL ion
genlor \;5"‘!‘“, nﬂ.fra\ B
ent of
epart™

CERTIFICATE

This is to Certify that Smt. Saritha A S, Senior research scholar, Farook
Training College, Kozhikode has consulted me in the process of construction and
standardization of the lesson plans in Mathematics as part of her research work
among students of standard V111 and standard 1X.

1 have gone through the lesson plans and have suggested appropriate
modifications wherever necessary.
RATASREE T i

HET MATHEMATICS

G HSS vARAvoOR
Name & Designation

Npr

3?"

Signature

Place
Date 5 88. 2019

CERTIFICATE

This is to Certify that Smt. Saritha A S, Scnior research scholar, Farook
Training College, Kozhikode has consulted me in the process of construction and
standardization of the lesson plans in Mathematics as part of her rescarch work
among students of standard V1II and standard 1X.

| have gone through the lesson plans and have suggested appropriate

moditications wherever necessary.

= eeTife) GEORGE N

A T MR
Name & Designation

i h gnaturc
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Appendix XVI

Certificate from School

CERTIFICATE

This is to Certify that Smt. Saritha A S, Senior research scholar, Farook
Training College, Kozhikode has handled classes and administered tools as part of
her research work among students of standard VIII and standard IX ( three classes

each) in this institution from 09.10.2019 to 31.01.2020.

Wy 4y
Arimpur ,éz g
Vo P E
Headmi n:&iESE -
VA )
Date BEETTA

Headmistress

3.02.2020 L N\ H.8.w Arimpur
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Appendix XVII
Sample Student Artifiacts
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