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Introduction

While delivering a convocation address at Allahahbuversity
in 1947, Nehru said, “It is science alone that salve the problems of
hunger and poverty, of insanitation and malnutnitiof illiteracy and
obscurantism, of superstition and deadening custofmsgid traditions
and blind beliefs of vast resources going to waste rich country
inhabited by starving millions”. Science is of gre@mportance for
people and society that people live in an “agecrsce”. We are living
in a world of scientific discoveries. There is apation and influence of
science in every field. Understanding the concepid theories of
science is a growing necessity. Science as a féldknowledge
influenced our existence, culture and civilizatitins the building block
for personal and social development and its pradadivances human
society and offer prosperity (Cobern, 1998). Beeaoisthe utility and
significance of science, importance of science atloe has

tremendously increased.

The discoveries have added to the prosperity ofdmurace with
vast increase of knowledge. Herbert Spencer in'Wéat Knowledge is
of Most Worth" gives information which study of $oce furnishes.
According to him, Science learning is incomparatlyre useful for our
guidance in life. Other chief subjects too provaeintellectual training
not inferior to that of Science. Practically, weveliin a world of
scientific discoveries. So science education cabaoteglectedScience
education develops certain abilities, which evdondent requires like,
reasoning, curiosity, creativity, scientific attiei problem-solving
approach etc. Science and technology educatiomdasbackbone of
countries’ economic stability and growth (Kalra,9%59. Scientifically
literate peoples all over the world are known torbere reliable in

decision-making areas like agriculture productioutrition and health,
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land and resource management, population contral @adustrial
growth.

For the achievement of broad aims of educationedathjes are
set which are specific and realizable portions whsa By framing
objectives, a teacher gets description of abilitesl values, which
should be inculcated, in students. It acts as mdraf reference in
making decisions regarding content, method of tegchlearning
experiences and evaluation. Classification of le@objectives in an
ordered system is called Taxonomy of Educationgke@Qives. SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormac# &ager’'s

Taxonomy are three different taxonomies of learrmbggctives.
Aims of Science Education

To quote Albert Einstein, the goal of education‘ts produce
independently thinking and acting individuals”. Thmasic goal of
science education is to produce individuals capablenderstanding
and evaluating information and producing sufficiemimber of skilled
and motivated scientists, engineers and other eierbased
professionals. It is often said that children aratural scientists.
Therefore, a teacher should evaluate each childbsviedge, creativity,
scientific attitude and level of metacognition. efé comes the need of

an instruction to adapt the instructional goals skitls of the learner.

For an effective science teaching, its aims shob#&l in
consonance with the general aims of education (D@606). General
aims of science education are development of krniydgfundamental
principles and concepts useful in daily life, stien facts,
interdependence between different branches of sgjenature etc.),
skills (doing experiments, construction, observatemd drawing etc.),
abilities (sensing a problem, analysis, generatisatinterpretation,

prediction etc.), scientific attitude (critical tiking, open mindedness,

2
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respect for others opinions, aversion towards sfpiens, intellectual
honesty, rationality etc.), reflective thinking fgag a problem, sensing
a problem, defining it, collecting evidence, orgation and

interpretation of data, formulation of hypothesisawing conclusions
etc.), habits (honesty, truth, tolerance ,self wharfce self reliance
etc),interests( reading scientific literature, dpiscientific hobbies,
conducting science club activities etc), apprecrat{natural beauty,
scientific inventions, work of scientists etc), yiding work for leisure

(making inks, soaps, boot polishes, etc. collecaod preservation of
animals and plant parts, photography, gardenimyg), @taining for better
living (basic ideas of health and hygiene and ditjgs with the

economic and cultural conditions of the society) ahoosing a career.
Objectives of Science Education

Although aims give direction to educational systamd bring all
round development of students, all these aims dabaattained by a
teacher. To make a teacher’s task easy, aims arewwd down to
objectives which are specific and realisable pogiof aims. Thus
objectives are a set of achievable ends which egaiged in pursuit of
overall aims (Ball & Washburn, 2001). By framing jettives or
outcomes of learning, a teacher gets descriptioabdities and values
which he or she intends to instil among the stugldhfcts as a frame of
reference to take various decisions regarding contenethod of
teaching, learning experiences and evaluation (Kwahl,2002). In a
teaching learning process, teacher first setsineotgiectives according
to the nature of content and ability of the learriben selects, kind of
learning experiences for the attainment of the ahje; after that,
appropriate evaluation techniques are adopteddokcthne attainment of
the objectives set earlier. Objectives vary witlmsiof education, nature
of the society, culture, nature of the discipliage and ability of the

learner, nature of the content, availability of teeources, quality of the
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teaching, teaching methods etc. So it becomes assig to organize
objectives of education in a better way that teexkan get guidance in
choosing an objective. Classification of learnifigeatives in an ordered
system is called Taxonomy of Educational ObjectivVidgere are various
taxonomies put forwarded by many experts in edanataccording to
their ideals. Some of the important taxonomiesciersce education are

as follows,
Blooms Taxonomy

Bloom’s taxonomy is a classification of learningjeatiives in
education developed by a committee of educatorsezhdy Benjamin.
S. Bloom in 1956. It is a set of three models ugedlassify learning
objectives on the basis of level of complexity amécificity (Bloom,
1956). These objectives or behavioural outcomes inafividuals

resulting from instruction are classified into tadomains.

1. Cognitive domain: Includes those objectives, whadal with
recall and recognition of knowledge and developmeft
intellectual abilities. The objectives coming undkis domain
are knowledge, comprehension, application, analysiathesis
and evaluation.

2. Affective domain: This domain deals with intereséttitudes,
opinions, appreciations, values and emotional d8tgectives
coming under this category are, perception, satieguresponse,
mechanism, complex overt response, adaptation iyathisation.

3. Psychomotor domain: Includes physical and motorllsski
Objectives of this domain are receiving, respondingluing,

organisation and characterisation.

Goal of Blooms Taxonomy is to motivate educator$oimus on
all the three domains creating a more holistic faireducation. The

cognitive domain objectives are the primary focdsabh traditional

4
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education and it is commonly used to structure iculem, learning

objectives, learning experiences and assessment.
Bloom’s Revised Taxonomy

In 1990’s, Lorin Anderson, a former student of Eenin.S.
Bloom revised the original Bloom’s Taxonomy and eamt Revised
Bloom’s Taxonomy. In the new version of Bloom’'s Banmy, the
names of the six categories were changed from rouwerb forms,
because thinking is an active process (Andersonré&thohl 2001).
There was a change in terminology also ie, knogdedhanged into
remembering, comprehension became understanding\arbdesis into
creating. Anderson rearranged the six categori#s higher objective as
creating. The knowledge level of the original taswy is divided into
four levels; factual, conceptual, procedural, ancetavognitive.
Objectives of Revised Bloom's taxonomy are remeiniger

understanding, applying, analysing, evaluating @edting.
Mc Cormack and Yager's Taxonomy

Mc Cormack and Yager in 1989 developed a new "Tawxonfor
Science Education” that broadens the view of s@education beyond
the two domains of content and processes. The lasicbehind the
designing of taxonomy was to make the studentsnstically and
technologically literate. They incorporated fivaeggories or domains of
science education. The domains coming under Mc @ckrand Yager’'s

taxonomy are,

1. Knowing and understanding (Knowledge Domain) : salaws,
principles, theories and the internalised knowletigld by the
students fall under knowledge domain.

2. Exploring and discovering (Process Domain): Thismédin

includes 13 process skills identified by the AmanidAssociation
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for Advancement in Science in 1968. These processe
coming under knowing, doing and thinking in science

3. Imaging and Creating (Creativity Domain): Creagvidomain
consists of experiences that promote divergent Kkihg)
imagination, novelty, problem solving etc.

4. Using and Applying (Application Domain): This domancludes
the extent to which students can transfer the &shkmowledge
and its effective use in their own daily life.

5. Feeling and valuing (Attitude domain): This domansists of

human feelings, values, and decision-making skills.
SOLO Taxonomy

This taxonomy was developed by John Biggs and Ke€xltis in
1982. SOLO helps the learner to have total cordvelr their learning;
and to decide what steps have to be taken whilmilea Structure of
Observed Learning Outcomes or SOLO Taxonomy givesingle,
reliable and strong model for three levels of ustierding; surface,
deep and conceptual (Biggs & Collis 1982). SOLOvptes structured
framework and direction to progress their thinkigugd learning. This

taxonomy explains the growing complexity of a leais activity.
SOLO taxonomy has five main stages

1. Pre-structural: In this level, student understanals,existing
knowledge is limited or nonexistent or the taskapproached
from a different angle.

2. Uni-structural: Students might know one key piet&mmwledge
but they are unable to connect it to anything &idais level.

3. Multi-Structural: At this level, students can shown
understanding of several piece of knowledge buy ttle not

know how to connect them together.
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4. Relational: At this level, student’'s understandofgthe several
elements is strong and they can make connectidngba them.
5. Extended Abstract: Now students can apply theimieg in new

contexts and can visualise it, as part of a gresbele.
Need and Significance of the Study

Science is of great importance to®2dentury secondary school
students, because in an education system it is t@wga of
opportunities, which leads to economic and sociavetbpment
(Handelsman, 2004). Science along with its eduoatiogpurposes
develops reasoning, curiosity, creativity, positaiitude and problem
solving attitude which are essential for everyzeiti. Science is needed
for the betterment and development of every counryg interact daily
with scientific machineries which makes our lifesiea and safe. Today
India is one among those prestigious countries kvaie famous for its

scientific outputs and effective performance infhéeld.

Our country is facing many challenges in scienagcation like
overcrowded class size, lack of fund and studetarésst etc. A huge
amount of economy is spent for the development@nee education;
unfortunately the quality of science education aesgearch is going
down at an alarming rate. Science education ofcountry at primary
and secondary stages is inadequate compared tovedloeity of
discoveries around the globe. Present curriculuch raethods do not
convey the fascination of scientific research aomdndt transmit the
values and approaches that make science relevarvedoyday life,
which leads to responsible citizenship (Alves, 200Alignment of
course activities and testing strategies with legrioutcomes is critical

for effective course designing.

Among people, an education system should creatiés sknd

competence in diverse fields and thereby improve tbverall

7
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preparedness of the country in the long run. Inéidncation system is
at the cross roads trying to find a way to enhdaheenumber and quality
of future researchers of the country, along witbhaading large masses
of relatively unprivileged people. By developingnavative approach of
teaching science, like learning by doing, learniginquiry method,
and discovery method promotes understanding ohsei@s a process
and an inquiry system that help learners to dedh whe significant
problems of their life. According to NCERT, scientextbooks are
overloaded with scientific facts, it is lagging bah in achieving
enshrined values like humanism, scientific tempet social justice in
our constitution, does not encourage inventivenssgntific attitude
and creativity, overpowering examination systenmost science is full
of content which is socially sterile, intellectyabboring, and dismissive
of student’s life; students don't able to correlatith what is being
taught in the classroom with their personal lifgnd popularity of
science as a brainy and difficult subject. Evenutiio our present
education system follows a taxonomy which encowsggecess aspect
of science, the expected outcomes are not achiduvedto lack of
awareness among teachers about the proper metlggdadiack of
facilities and funds, inappropriate assessmenttioes; gap between

policy makers and teachers etc.

Although aims give direction to educational systamd bring all
round development of students, aims are narrow@hdo objectives,
which are specific and realisable portions of aifbjectives vary with
aims of education, nature of the society, cultnegure of the discipline,
age and ability of the learner, nature of the camtavailability of the
resources, quality of the teaching, teaching meshedd. Aim of science
education is not just to make learners aware ofsthentific facts and
concepts but to develop, curiosity, independentkihg, creativity,

rationality, critical thinking scientific attitudend scientific world views
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which are essential for the growth of an individasiwell as society as a
whole. Science education is witnessing lack ofrggein innovations
and deficiency in creativity. Children lose chilalabcuriosity in natural
phenomena due to schooling they receive. Teach&ssowtage
guestioning of accepted laws. Existing educationcsiire has not been
able to imbibe a proper scientific culture thanroaing down to the
field of examinations, marks and degrees. Sciedoeaion must make
scientists who work and unlock the laws of natunghwheir own

efforts.

Educational objectives give direction to educatoocess. These
are some standards set for an effective teachiagilteg process (Mc
Cormack and Yager, 1989). Taxonomy helps in thesldgment and
organisation of educational objectives in a hidrima order.
Taxonomies of education define goals, standardsuoficulum and
learning objectives. It facilitates the exploratimincurriculum from four
areas, learning content, method of teaching, etialugorocess and
effectiveness of education. Bloom has stated that, major purpose in
constructing a taxonomy of educational objectivesto facilitate
communication”. Through the systematic use of taxoies an educator
can develop certain specific languages which astsa avehicle for
communication of curriculum design, sequencing,egnation of
experiences etc. (Bloom,1956). A taxonomical schelassifies all the
educational objectives stated in terms of studehtabiours. They are
useful tools for assessing and analysing curricubbpactives. All levels
of planning in teaching and assessment are basedocational
objectives and educational taxonomies provide ereeice for selection
of objectives. Taxonomies of learning objectiveBraegoals of training
because, after training session, students acqeine skills, knowledge
and attitudes. It acts as a quick and easy chéddiglan learner

outcome, to analyse all the possibilities of cohterd to suggest variety
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of teaching methods. It also helps the teacheobhcentrate upon certain
higher order abilities of the learner. There is mt@xonomy based on
different perspectives. The investigator took thdé&erent taxonomies,
Revised Bloom’s taxonomy, Mc Cormack and Yagerisotmomy and
SOLO Taxonomy for comparing their effectivenesscerntain learning

outcomes of students at secondary level.

Scientific attitude is the desire to know and usthrd,
guestioning to all statements, search for datathen meaning, search
for verification, and consideration of consequen¢@ardner, 1975;
Osborne, Simson & Collins, 2003). Attributes ofesttific attitudes are,
rationality, curiosity, open mindedness, aversiam superstition,
objectivity, intellectual honesty and suspendedg@mdent. These
attributes are important in everyone’s life. Acaogidto Lawson (1982),
scientific attitude is necessary to dispel ignoeanod backwardness; it
will bring a balanced perspective to bear on soeials and conflicts
and could lead to a better world. If we act favélyaor unfavourably
towards some external class of stimuli, accordintipé ethics of science
it is called scientific attitude (Munby,1983). Amdividual with
scientific attitude consciously or unconsciouslynkls and displays
traits, which are common to scientists. It is thdity to do things based
on proven principles. A student having scientifittade is always free
from superstitions, unverified assumptions and pepapinions that has
no empirical basis. Every science teacher shouldemiake the
responsibility to develop scientific attitude ineth children through

planned activities and teaching strategies.

To develop fundamental understanding about scieclcédren
need to think and act creatively. Scientists sdiltheir creativity in
every stage of their work (Lederman,2000). Thatlgy science is said
to be a process containing creativity componentsitsneach step

(Saxena,1994).0Only a creative scientist can findfulssolutions to

10



75 ‘ :.

problems in daily life. Children who practiced dreidy in science
classes usually apply it in other areas also (Mea2@03). Creativity
can be defined as finding gaps in the problem ftwrimation, creating
hypotheses and transmitting the data (Torrenceb5,1®ss 2004).
While examining this definition it becomes cleaattltreativity and
scientific method are having similar step. So ih ¢ concluded that
science and creativity are two sides of a coinel@dic creativity helps
an individual in many areas like, comprehending nelgas and
concepts of scientific knowledge, formulation ofwneheories in
science, doing new experiments to prove naturas |@iving originality
to scientific plans and projects etc. The individuaho use creativity
can make their science education functional, ardetbre the scientific
information can be the basis for producing a vdkig@ooduct instead of
just giving amazing information (Aktamis & ErginQ@8).Therefore one
of the important aims of science education mudibhaculcate creative

thinking skills in children from elementary schawiwards.

A metacognitive approach to instruction can helmshts, learn
how to take control of their own learning by defigilearning goals and
monitoring their progress in achieving them (Brandf et al.,
2000).Children needs both cognitive and metacognisitrategies for
learning. Learners construct knowledge using tkegnition but they
guide, regulate and evaluate their learning througétacognition.
Metacognition refers to one’s knowledge concerming’s own learning
process or anything related to that (Flavell, 1928) a learner acquires
skill in metacognition, they gain confidence in ithkearning and this
motivates independent learning and acquires pemrmameowledge and
higher achievement (Koutselini, 1995). Studentakhabout their own
thinking strategies and start learning from mistak@d inaccuracies.
Through the metacognitive process, children go bdyihe classroom

teaching and apply their learning in life situaso®ystematic planning,

11
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effective management of time and resources, mongaf progress etc.
are characteristics of metacognitive learning. tiése are essential
features of science learning also. The task of ¢decator is to
acknowledge, cultivate, exploit and enhance theacwognitive abilities

of the learner.

Kerala state has been going through a series otatidnal
reforms over the last decade to make the schootatidm more
effective. This includes constructivist paradignore) with continuous
and comprehensive system of evaluation. But itsr @mphasis on
activity oriented pedagogy resulted in degradatioh content
knowledge. Scientists and science educators beireapproaches and
attitudes, which are parallel with the proceduresl attitudes of
scientists. With the help of Taxonomy of Educatlof@bjectives, a
teacher can define and translate the objectiveordicgly. This
improves the quality of educational outcomes, cutum, and
transaction and evaluation procedures. In the pteseenario, the
society is facing many social, political and enmimental issues; it is
science alone, which can make a difference (Bhadtyaya et al.
2013). So it is the duty of the teacher to incuidcegrtain abilities for
knowing and doing of science by which they can sadllke above-
mentioned issues to make earth a better planevéo An educational
Taxonomy is an aid to teacher in selection of betigjectives for
learning. But there exist lot of confusions regagdihe selection of a
suitable taxonomy for science education in Ker&ame taxonomy
gives importance to product aspect of science whibene gives

importance to process aspect.

The investigator reviewed a number of studies based
educational taxonomies conducted in India and cbntithat not much
has been done in the field of comparison of taxaaemSince

educational taxonomies and objectives are the Iwaekbof every

12
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educational system, a science teacher should osaegleeper
knowledge of the learning outcomes related to thigest. Nowadays
students are far away from the deeper level uraleisig of both
process and products of science. Therefore, trestigator felt the need
to analyse different taxonomies thoroughly and mesaand compare its
effectiveness in developing Scientific Attitude jetific Creativity and
Metacognitive Awareness. Thus, the study is enedagfor
understanding the effectiveness of an instructi@sed on SOLO
Taxonomy, Revised Bloom’s Taxonomy and Mc Cormaa#t dager’s

Taxonomy on certain learning outcomes of seconselnpol students.
Statement of the Problem

The study was undertaken with the aim of findingt ¢ie
effectiveness of instructions based on SOLO TaxonomRevised
Bloom’'s Taxonomy and Mc Cormack and Yager's Taxopoon
secondary school student’'s metacognitive awarersessntific attitude
and scientific creativity. Hence, the study is ®ed as
‘EFFECTIVENESS OF AN INSTRUCTION BASED ON SOLO
TAXONOMY, BLOOM’'S TAXONOMY AND Mc CORMACK AND
YAGER'S TAXONOMY ON CERTAIN LEARNING OUTCOMES
OF SECONDARY SCHOOL STUDENTS”".

Definition of Key Terms
The key terms that need clarification are defineld:
Effectiveness

Effectiveness is the ability to achieve desiredultes with
economy of time and effort in relation to themount of works
accomplished (Good, 1959).

13
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Operational definition

In this study, effectiveness implies significantfelience in the
mean scores of metacognitive awareness, sciendéftitude, and
scientific creativity of students who were taught ®OLO Taxonomy,

Revised Bloom’s Taxonomy and Mc Cormack and Yag&asonomy.
Instruction

Instruction is a statement or explanation of soinetthat must

be done often given by someone in authority.
Operational definition

Teaching based on SOLO taxonomy, Revised Bloom’s

Taxonomy and Mc Cormack and Yager's Taxonomy.
SOLO Taxonomy

The structure of observed learning outcomes (SOL®)a
cognitive processing taxonomy, developed in 1982viny Australian
academics, John Biggs and Kevin Collis, which oatisgs mental
activity by quantity and quality attributes of aties required by
students or by the observable products of studenksy This taxonomy
consists of 5 levels of understanding, pre strattwmi structural, multi

structural, relational and extended abstract.
Operational definition

Teaching based on SOLO Taxonomy for the five levple
structural, uni structural, multi structural, rédaial, extended abstract to

give a deeper understanding of science.

14
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Bloom’s Taxonomy

Bloom’s taxonomy is a classification of learning jexiives
within education proposed in 1956 by a committeedicators chaired
by Benjamin. S. Bloom .The behavioural changes mdividuals
resulting from instruction can be classified intoele domains, cognitive

domain ,affective domain and psychomotor domain.
Revised Bloom’s Taxonomy

In 1990’s, Lorin Anderson, a former student of Eanjn. S.
Bloom revised the original Bloom’s Taxonomy and reamt Revised
Bloom’s Taxonomy. Objectives of Revised Bloom's ®dagmy are
remembering, understanding, applying, analysingaluating and

creating.
Operational definition

Instruction based on Revised Bloom's Taxonomy fog five
levels of objectives; remembering, understandimplyang, analysing,

evaluating and creating.
Mc Cormack and Yager's Taxonomy

Mc Cormack and Yager in 1989 developed a new "Taronfor
Science Education”. They incorporated five categorr domains of
science education. The domains coming under Mc @ckrand Yager’'s
taxonomy are, knowing and understanding (knowledge domain)
exploring and discovering (process domain), imagamgd creating
(creativity domain), using and applying (applicatidomain), feeling
and valuing (attitude domain): this domain consadt©iuman feelings,

values, and decision making skills.
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Operational definition

Instruction based on five domains of Yager's taxogp
knowledge domain, process domain, application domaittitude

domain and creativity domain.
Learning outcomes

Learning outcomes are statements of what a le@asmpected to
know, understand or be able to demonstrate afterctimpletion of

learning process.
Operational definition

In this study learning outcomes are expressiomaaihcognitive
awareness, scientific attitude and scientific ¢vegt which students
will acquire after the successful completion ofqass of learning and is
obtained by standardised test of metacognitive emess, scientific

creativity and scientific attitude.
Secondary school students

The term denotes students studying in class VMlahd X of a

recognised school, following Kerala state syllabus
Operational definition

Here the term denotes students studying in cladk of a

recognised School following Kerala State syllabus.
Objectives of the study

1. To find out the effectiveness of instructions basedSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormaut a
Yager's Taxonomy on Scientific Attitude of secongdachool

students.
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2. To find out the effectiveness of instructions basedSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormaut a
Yager's Taxonomy on Scientific Creativity of secang
school students.

3. To find out the effectiveness of instructions basadSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormautt a
Yager's Taxonomy on Metacognitive Awareness of
secondary school students.

4. To compare the effectiveness of instructions base&OLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormautt a
Yager's Taxonomy on Scientific Attitude, Scientific
Creativity and Metacognitive Awareness of secondatyool

students.
Hypotheses

1. There will be no significant difference between thean pre-test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il ((ro
receiving instruction based on Revised Bloom’s Tey) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Attleu of
secondary school students.

2. There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Attitude ofesondary
school students.

3. There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Expental group
l.
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4. There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Expental group
I

5. There will be no significant difference between thean pre-test
and post test scores of Scientific Attitude of Expental group
1.

6. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group Il.

7. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group III.

8. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental group and
Experimental Group II.

9. There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il (@®ro
receiving instruction based on Revised Bloom’s Tey) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Creigyi of
secondary school students.

10.There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Creativity afecondary
school students.

11.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpE&smental

group |.
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12.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpEsmental
group II.

13.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpEsmental
group IlI.

14.There will be no significant difference between tihhean gain
scores of Scientific Creativity of Experimental gpo !l and
Experimental Group II.

15.There will be no significant difference between thean gain
scores of Scientific Creativity of Experimental gpol and
Experimental Group III.

16.There will be no significant difference between thean gain
scores of Scientific Creativity of Experimental gpoll and
Experimental Group II.

17.There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il (@®ro
receiving instruction based on Revised Bloom’s Tey) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Metacognitive Aeveess
of secondary school students.

18.There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Metacognitive Awarenessf
secondary school students.

19.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsxperimental

group |.
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20.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsxperimental
group II.

21.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsperimental
group IlI.

22.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentatig | and
Experimental Group II.

23.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentauig | and
Experimental Group III.

24.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentaug Il and

Experimental Group II.

Methodology

For finding out the effectiveness of an instructibased on
SOLO Taxonomy, Revised Bloom’s Taxonomy and Mc Garknand
Yager's Taxonomy on certain science learning outsinexperimental
method was adopted. Experimental design selectethéostudy is Pre

test post test non equivalent group design.
Variables selected for the study

Experimentation involves independent variable, depat
variable.

Independent variables
Instructional procedure was taken as the independariable,

with the following levels of treatment.
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a) SOLO taxonomy
b) Revised Bloom’s Taxonomy

c) Mc Cormack and Yager’'s Taxonomy
Dependent variables
Dependent variables selected for the study areviatig

1. Scientific Attitude
2. Scientific Creativity

3. Metacognitive Awareness
Design of the study
Experimental Design

In order to test the effectiveness of an instructimsed SOLO
Taxonomy, Revised Bloom’s Taxonomy and Mc Cormac#l Yager’s
Taxonomy for teaching science to secondary schtuments’, Quasi-
experimental design (pre test post test non eqmaroup design) was

employed.
Sample used for the study

The present study was conducted on a sample o@d@nts of
standard VIII drawn from three schools of Kottayairhe schools
selected for the study were NSS Boys High schosduiha, NSS Girls
High School Perunna and NSS High School Kidangaorong the 210
students of Experiment group, 70 students wergedeaith instruction
based on SOLO Taxonomy (Experimental Group I), &0dwere
treated with instruction based on Revised Bloom'sxdnomy
(Experimental group Il), and the other 70 studemse treated with
instruction based on Mc Cormack and Yager's Taxonom

(Experimental group I1I).
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Tools used for the study

The following tools were developed and used in the

experimentation.

a k& w0 Dh ke

Raven’s standard progressive matrices

Scientific Attitude Scale (Meera and Revati,2016)

Scientific Creativity Test (Weiping Hu and Philipéy2002)
Metacognitive Awareness Inventory (Meera and Re2@iti6)
Lesson transcripts based on SOLO Taxonomy (Meeid an
Revati,2016)

Lesson transcripts based on Revised Bloom’s Taxgndfheera

and Revati,2016)

Lesson transcripts based on Mc Cormack and Yager's

Taxonomy (Meera and Revati,2016)

Statistical Techniques employed

Descriptive statistics like Mean, Median, Mode, a@thndard
deviation

Test of significance of difference between the nsescores of
three dependent groups

Analysis of Variance (ANOVA) followed by Scheffe'Best of
Multiple Comparison.

Analysis of Co Variance (ANCOVA)

Scope and limitations of the study

The investigator hopes that the findings of thedgtwill be

useful to educational administers, educationigachers and research

scholars to modify the teaching learning proces® findings will fill

the gaps if any, in the studies conducted so fdrvemuld trigger deeper

studies by the future researchers in this area.
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The present study is to compare the effectivenéssstruction
based on three different taxonomies on certaimiegroutcomes related
to science subject of secondary school students. dkpected that the
present study will be helpful to determine the effeness of SOLO
Taxonomy, Revised Bloom’'s Taxonomy and Yager's texoy on
learning outcomes like Scientific Creativity, Sdiéo Attitude and
Metacognitive Awareness. The investigation in te #ffectiveness of
these three taxonomies will be helpful to identifshich type of
taxonomy is efficient in developing and enhancirgesce related
learning outcomes. Comparison of the effectivene$s different
taxonomies help practitioners to choose a taxontonselect suitable

learning outcomes and plan their instruction adogg.

The investigation in to the interactive effects thiese three
independent variables will be highly fruitful towezhtors to identify how
instruction based on these three taxonomies infeieiscientific
Attitude, Scientific Creativity and Metacognitive wareness of
secondary school students. The study opens newasdar researchers
to investigate into the science related behaviotigoung children. The
scope of the study is enormous in which curriculplianners, science
teachers, teacher educators and persons involvedupation can use
the findings of the study to improve the perfornaint the students in
schools as well outside schools. The study wilphediucators to plan
and test objectives or learning outcomes more ®&¥gg. This helps the
whole educational system function successfully. $haly also opens
the area of metacognition, which is a much reseatsfariable recently,

helpful in increasing the achievement of secondahpol students.

The present study has certain limitations als@pite of exerting
maximum efforts to make the study most objectivel &mitful the

investigator could not get rid of the following litations.
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. Owing to practical reason, the study was confireddhools of
Kottayam District.

. Even though the investigator reviewed the litemtand various
studies based on the variables, researcher couklihaluded a
preliminary survey phase in order to find the pnésstatus of
teaching and learning phase.

. The investigator collected possible reviews butrdheere only
few studies on taxonomies carried out in Indiantexin So it is
an attempt from the part of the investigator.

. Since the study is intended to compare the effentgs of
instruction based on three different taxonomies smience
learning outcomes control group is not included.

. The study was confined to three independent vasalanly,
Scientific attitude, Scientific Creativity and Metagnitive
Awareness.

. In order to reduce the length of the topic insteddrevised
Bloom’s taxonomy, investigator used Bloom’s taxomyoind
clarified it in the operational definition part bifst chapter.

. The sample of the study was confined to a smallptamf six
intact classes of VIII standard as this is con&dems the

representative sample of secondary school students.

24



Chapter Il

REVIEW OF RELATED LITERATURE

* Theoretical Framework of the Variables

e Studies Related to Revised Bloom'’s
Taxonomy

» Studies Related to SOLO Taxonomy

e Studies Related to Mc Cormack and
Yager's Taxonomy

* Studies Related to Scientific Attitude
» Studies Related to Scientific Creativity

» Studies Related to Metacognition




Review of Related Letenatune

In research process, making an extensive reviewetdted
studies is a vital component. In this chapter,itivestigator reviews the
related views of other established researcherfarfield in which the
current study is undertaken. In the present sttitly,investigator has
gone through various books, theses, reports, jtairaad research
reviews related to the topic. This helped the itigasor in determining
what has already been done in the thrust areaudysiThe process of
reviewing avoids unintentional duplication, prowsdeecessary insights
into the logical framework of topic under study afatilitates the
interpretation of results. It also points out reshastrategies, specific
procedures and measuring instruments that havenahchave been

found to be productive in investigating the probl@ay, 1996 ).

In this chapter, the researcher attempted to exphw theoretical
aspect of SOLO Taxonomy, Revised Bloom’s Taxonokiy,Cormack
and Yager's Taxonomy, Scientific Attitude, ScieictiCreativity and
Metacognitive Awareness. The researcher scrutinizgious studies
conducted in the educational settings and reldiedet variables in the
present educational area. Hence, this chapter ce@ojpof two sections,
the theoretical background of the variable andistudlone by other

researchers in this area.
Theoretical Framework of the Variables

The theoretical aspect of SOLO taxonomy, Revisdolom’s
Taxonomy, Mc Cormack and Yager's taxonomy, Scientittitude,
Scientific Creativity, and Metacognitive Awareness presented in this
section.
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SOLO Taxonomy

“SOLO Taxonomy provides a simple and robust way of
describing how learning outcomes grow in completigm surface to
deep understanding” (Biggs & Collis, 1982). TheuSture of Observed
Learning Outcomes (SOLO) taxonomy explains the easing
complexity of students’ learning process. It waseloped in 1986 by
two Australian academics John Biggs and Kevin GollBOLO
Taxonomy was created by careful analysis of studesponses to
evaluation tasks. While developing it, Biggs andlli€ considered
many factors of learners which affect their leagnilike, previous
knowledge, misconceptions, motives, intensions ndigg education,
learning strategies etc. So it has been gone thranglitative and
guantitative dimensions and validated for use irwide range of
disciplines (Hattie & Brown, 2003).

SOLO is a structured framework used by learnersn&asure
progress of thinking and learning outcome. SOL@rittes learning
outcome of an activity, a unit, a project etc. sTmodel works with
outcomes related to both descriptive and functiarabs of learning.
SOLO is useful to teachers in various ways, plagnine level of

learning, assessment of students learning etc.

In SOLO, a student understands leads from simpleomplex
connections as they passes from ignorance to esgperEach level of
understanding is a continuation of the previouselleMhus SOLO
displays student’s outcome at five levels. Learnamsgress through
these five stages; which are relevant to all subjaad all disciplines.
The five levels are Pre structural, Uni structurislulti structural,
Relational and Extended abstract levels. All thizge levels can be

classified into three groups. These three groupsansidered as three
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levels of knowledge, surface knowledge, deep kndgdeconceptual

knowledge.

The first Pre structural level of SOLO is a stafggoorance and
it is not included in the three levels of knowledgentioned earlier.
The next two stages namely Uni structural and Msttuctural are
included in surface knowledge. The last two levRkslational and
Extended Abstract levels are included in deep kedgeé. By using this
taxonomy one can identify the level in which a stidis recently

operating.
SOLO taxonomy category definition
SOLO Taxonomy has five main stages.

1. Pre structural: In this level student’s underdiag, or existing
knowledge is limited or nonexistent, or the taskapproached
from a different angle.

2. Uni structural: In this level students might knawe key piece
of knowledge but they are unable to connect itngilasing else in
this level.

Indicative verbs- identify, name, follow simple pealure etc.

3. Multistructural: At this level, students can shomunderstanding
of several piece of knowledge but they don’t knoawhto
connect them together.

Indicative verbs: combine, describe, enumeratefoper serial
skills, list etc.

4. Relational: At this level student’s understandirfgtite several
elements is strong and they can make connectidageba them.
Indicative verbs: analyze, apply argue, compardresh
criticize, explain causes, relate, justify etc.

5. Extended Abstract: Now students can apply themieg in new

contexts and can visualize it as part of a greatere.
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Indicative verbs: create, formulate, generate, oblygsize,

reflect, theorize etc.
Psychological Bases of the four levels

Biggs and Collis (1982) made their model on theidb#sat “in
any learning episode, both qualitative and quanéa learning
outcomes are determined by a complex interactidwd®n teaching
procedures and student characteristics”. By consigle student’s
previous knowledge, motivation, learning strategiedentions about
learning they arranged the levels based on varahasacteristics ie,
from concrete to abstract, increasing number o&wizjng dimensions ,
increasing consistency and increasing use of ar@nprinciples. The
four ways in which complexity increases are capaaielationship,

consistency and closure, and structure (Hattie &Bd003).

Capacity: Working memory and attention span in@eas each level of
SOLO. At surface level students only encode or lrettee given
information. At deep level in depth thinking and taddishing

relationships between facts is needed.

Relationship At uni structural level, children know only ongpact and
no relationship is possible. In multi structur@key consider many
aspects but they don’t have the ability to relate At relational level
students establishes relationships between mamctssand in extended

abstract level, students apply this relationshopsew situation.

Consistency and closure: At uni structural leva&ljdents give an
answer with immediate recall of information (closubut in extended
abstract level student moves to the possibilitynonsistency across

contexts.

Structure: In uni-structural responses a learnsednonly a single

relevant information but in multi structural, seakebits of information
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has to be linked. At relational level an undenlyitonceptual structure
is needed. While in extended abstract a genedadisecture is needed

for application in new contents.

By SOLO students can observe learning progresstaueir
efforts rather than luck or fixed abilities. Inighway, SOLO supports
students, in developing metacognition, self regumat self efficacy,
engagement and resilience (Brown 2003). SOLO halgeacher in
evaluating achievement, engaging in curriculum ysigl judging the
specific learning out comes, setting quality ofriag, instigating
appropriate remedial measures etc. SOLO helpddbning quality of
learning and standards for teachers and studests @oals for different
tasks. Each SOLO level is a metric of the compjeaftthe material, so
it is easy for a teacher to select a task, whichelsvant to student

performances (Hattie, 2003).

SOLO taxonomy helps teachers and students astamative
tool for selecting items for a test. Accordinggiggs and Collis( 1982),
“SOLO levels arise form an understanding of thecpss of student
learning, and a concern to develop qualitativeedat of learning that

have formative as well as summative value”.
Bloom’s Taxonomy

Bloom’s Taxonomy of educational objectives was plt@d in
1956 by a committee of educational psychologisdeurthe leadership
of Dr. Benjamin S Bloom. The aim of the committeas to develop a
system of, categories of learning to assist ingtesg and assessment of
educational programmes. It identifies three dosainlearning, each of
which is organized as a series of levels as preisggs. It is suggested
that one cannot effectively address higher levatd those below them
have been covered. It provides a basic sequemiialel for dealing

with topics in the curriculum, and also suggesisay of categorizing
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levels of learning, in terms of expected outcome aofprogramme
(Artherton, 2013). Each of these categories requlearner to use
different sets of mental processing to achieveedtatutcomes within

learning environment.

It is a set of three models used to classify lewymbjectives on
the basis of level of complexity and specificitylgBm, 1956). These
objectives or behavioural outcomes of individuakssuiting from

instruction are classified into three domains.

1. Cognitive domain: Includes those objectives whiaaldwith
recall and recognition of knowledge and developmeft
intellectual abilities. The objectives coming undbrs domain
are knowledge, comprehension, application, analysiathesis
and evaluation.

2. Affective domain: This domain deals with interestdtitudes,
opinions, appreciations, values and emotional d8tgectives
coming under this category are, perception, setleguresponse,
mechanism, complex overt response, adaptation and
organization.

3. Psychomotor domain: Includes physical and motorllsski
Objectives of this domain are receiving, respondingluing,

organization and characterization.

Goal of Blooms Taxonomy is to motivate educator$oimus on
all the three domains creating a more holistic faireducation. The
cognitive domain objectives are the primary focdsabh traditional
education and it is commonly used to structure iculm, learning

objectives, learning experiences and assessment.
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Bloom’s Revised Taxonomy

In 1990’s, Lorin Anderson, a former student of Eenin S.
Bloom revised the original Bloom’s Taxonomy and ramt Revised
Bloom’s Taxonomy. In the new version of Bloom's Baxmy, the
names of the six categories were changed from rouerb forms,
because thinking is an active process (Andersonré&tivohl 2001).
There was a change in terminology also i.e. knoggedhanged into
remembering, comprehension become understanding\aritlesis into
creating. Anderson rearranged the six categori#s higher objective as
creating. The knowledge level of the original tasuwny is divided into
four levels; factual, conceptual, procedural, ancdetawognitive.
Objectives of Revised Bloom's taxonomy are remeiniger

understanding, applying, analysing, evaluating @edting.
Terminology changes

The six major categories were changed from nouretb forms.
The lowest level of original taxonomy, knowledge rsnamed as
remembering. Comprehension and synthesis are erktitlas

understanding and creating.
Definitions of new terms are as follows

 Remembering: Retrieving, recognizing and recalling relevant
knowledge from long term memory.

* Understanding: constructing meaning from oral, written and
graphic messages through interpreting, exemplifyotassifying,
summarising, inferring, comparing and explaining.

* Applying: carrying out or using a procedure through executing

or implementing.
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* Analyzing: Breaking material into constituent parts, deteing
how the parts relate to one another, and to anath\aructure or
purpose, through differentiating, organizing ardlaiting.

» Evaluating: Making judgments based on criteria and standards
through checking and critiquing.

» Creating: Putting elements together to form a coherent or
functional whole. Recognizing elements into a neattgyn or
structure through generating planning or producugderson &
Krathwohl, 2001).

Structural changes

In the structure of original Bloom’s taxonomy teén
logical changes has been made. Original taxonorag im one
dimensional form while the new taxonomy taken therf of a two
dimensional table. The two dimensions considerede hare,

knowledge dimension the cognitive process dimension
Table 1

The revised taxonomy table

Cognitive Process dimension

The Knowledge Under-
, _ Remember Apply Analyze Evaluate Create
Dimensions stand

Factual

Conceptual

Procedural

Metacognitive
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Knowledge Dimension of Revised Bloom’s Taxonomy

Factual knowledge: This dimension contains knowledge which is basic
to specific disciplines. It includes all the dé&tathat a student must
know, to understand a particular discipline liket& terms, details of

elements etc.

Conceptual knowledge Includes classifications generalizations,

theories, models and structures pertinent to acpié#at disciplinary area.

Procedural knowledge: This comes under the doing aspect of
knowledge. This area of knowledge includes methofisnquiry,

specific skills, algorithms techniques and, patdcmethodologies.

Metacognitive knowledge: This is the knowledge of one’s own
cognitive process and cognition. It includes datiowledge about
cognitive process as, solving problems, processiftgmation etc. Itis
a higher order thinking skill involving active coot on cognitive

process.

A teacher can use of all these knowledge dimesgpbotted in a
Taxonomy table for ensuring necessary objectivea ohit and for a
better and effective transaction. For a particulait teacher can make
sure that pupil are getting knowledge related &xtufal areas,
conceptual areas, procedural areas and lastly tl¢acwognitive
procedures involved in learning. Teachers can mage of new
taxonomy dimension for the formulation of objectiyeefinement of
existing objectives and for better assessment rdsthdn all areas of
instructional procedure a teacher can make useeafét up standards of

Revised Bloom’s Taxonomy.
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Mc Cormack and Yager's Taxonomy

Science learning becomes fruitful when a studeatns how to
use scientific knowledge and scientific ways ohkmng to live a better
life and to make rational and social decisions. Gérmack and Yager
opined that science education is giving importatmeknowing and
understanding of factual information only. Thegwed that for the
development of a scientifically literate person wdam meet the needs
of the society, mere presentation of factual infation is not enough.
Thus they proposed a new taxonomy of science eidncadntaining six

domains related to science learning.
Six domains of Taxonomy of science education

1. Concepts (knowing and understanding): scientifiormation-
facts, concepts, laws, hypotheses and theoriesptttdy the
scientific community.

2. Processes (exploring and discovering): processesiehce, how
scientists work and think.

3. Applications (using and applying): Applications w@fat is
learned, to do science, connection to everyday lifiéormed
decision making.

4. Attitudes ( feeling and valuing): Attitudes, sdangiy , societal
issues and impacts

5. Creativity (imaging and creating): ldea generatidesigning,
problem solving.

6. Nature of science (the scientific endeavors): Histand
philosophy of science, how science progress anience

knowledge and understanding develop.
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1. Conceptual Domain

Milller (1989) noted that without an understandiofyscience
concepts it would be impossible for the studentoltow much of the
public discussion of scientific results or publiglipy issues related to
science and technology. Students should have e@nexperience with
concepts before moving to abstractions. Only thezy tcan use those
concepts in real life situations. Facts, laws, @ples and the
internalized knowledge held by students, all faitler the umbrella of
concept domain (Mc Cormack and Yager 1989). Scieleegning
should promote conceptual linkages instead of qaiscen isolation

approaches
2. Process domain

Science process skills are certain inquiry skilated to
exploring and investigating activities in scienceThese skills are
essential for everyday life, to understand natarel to yield important
insight of science education (Aikenhead, 1979). r poogramme,
Science: A Process Approach (SAPA) American Associafor the
Advancement in science (AAAS) in 1968 identified ®cess skills.
These are the process used by scientists in acstnmg their work.
The ability to use these process skills in a comthimanner should be

the target of science education.
Process skills used in science

* Observing

» Using space and time relationships
» Classifying, grouping and organizing
* Using numbers and quantifying

* Measuring

» Communicating
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* Inferring

» Predicting

* ldentifying and controlling variables
* Interpreting data

» Formulating hypotheses

» Defining operationally

» Experimenting
3. Application Domain

A key element in the application domain is theed®ination of
the extent to which the students can transfer dfettevely use what
they have learned to a new situation especiallythieir daily life
(Grunloud, 1981). Application domain is an impott@omain of Mc
Cormack and Yager's taxonomy, because childrerag®aed concepts
and process not only in familiar contexts but alsosolving new
problems also. In school, children apply this kiemlge in problem
solving and learning new material, while in thedily life, they choose
these concepts and skills for dealing with novetterts. Beginning
science learning based on students concerns medhevorld may be the
way to diminish the gap between the world of schaglence
experiences and their personal, societal and téohical experiences
(Mc Cormack and Yager 1989). Children should bee &bl integrate
science, technology and knowledge to solve currsotial and
technological issues. This gives training in in&gigm of knowledge and

skills.
Characteristics of application domain

» Critical thinking
* Open ended question

» Use of scientific process
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* Making intra disciplinary connection

* Making inter disciplinary connection

» Decision making based on scientific knowledge

» Understanding and evaluation of scientific develep

» Application of science concepts and skills to sdakehnological
problems

* Understanding scientific and technological prineglnvolved in

technological devices.
4. Attitude Domain

Felker (1974) found that when students were induce make
positive statement about them, they attained mastipe attitudes
about themselves. In science education attitudeerg important in
various contexts. Two categories of attitudes irersze are; attitude
towards science (interest in science, attitude tdsgvascientists, and
attitude towards social responsibility in scienaed scientific attitude
(open mindedness, honesty, scepticism) (Gardner5)19 Science
teachers should retain the interest of their stigddmy changing
instruction and assessment practices and by beang students centred.
Students should be able to solve problems withtgreéadependence

without parent or teacher involvement (Mc Corma#l ¥ager, 1986)
Characteristics of attitude domains

» Exploration of human emotion

» Expression of personal feelings in a construciray

» Decision making about personal values

» Decision making about social and environmentalassu
» Positive student attitude towards science

» Positive attitude towards oneself

» Development of sensitivity to respect others fegdin
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5. Creativity domain

Creativity is integral to science and scientifiogess. It is used
in generating problems and hypotheses for desigpiag of action
(Hodsons & Reid , 1988). According to Torrence @P&reativity is a
process of becoming sensitive to problems, deftwes gaps in
knowledge, missing elements and disharmonies”. Hheluded
identification of difficulties, search for solutiprmaking guesses or
formulating hypothesis about deficiencies as aitab of creativity. It is
an important part of many process of science. @gais difficult to
assess. To nurture and enhance creativity ofdestun the class room,
teacher should be student centred. Opennessdarotan, acceptance
of ideas, thinking outside the box, trying new ggnand a ‘go with the
flow’ approach are signs of a student’s creativ@gientists and students
work in the laboratory by manipulating natural pberena for a better
understanding, to find the cause behind it andxfmeement something
new. An imaginative and inventive mind is necesstny creativity
which is lacking in traditional class room.

Characteristics of creativity

* Visualization — production of mental images
* Generation of metaphors

» Divergent thinking

* Imagination

* Novelty-combining objects and ideas in new ways.
* Open ended question

* Solving problems and puzzles

» Consideration of alternative view points

» Designing devices and machines

* Generation of unusual ideas

* Multiple modes of communicating results

* Representation in various ways and modes
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6. Nature of science domain

According to NRC (1996) “science is a human endeavhat
relies on reasoning, insight, energy, skill andatw&y”. Science
teachers must concentrate on an instruction whiefpshin the
understanding of scientific nature of science. tha course of human
history, people have developed many interconneatetl subsequently
validated ideas about the physical, biological,chsjyogical and social
worlds (AAAS, 1990). Through generations these sdéeelped to
achieve a reliable understanding of nature and tmaugh observation,
experimentation and validation. Nature of sciemlsals with how
scientific knowledge has developed and the roles@éntists in it.
Science is tentative in nature. Instruction shaelflect this nature of
science (Lederman 1992).Children should be seaditkith the world
of scientists and their works, through Nature ak8ce Domain. In the
attempt to reflect the nature of science, groupkwogporting findings,
discussions and reaching consensus are all pamnamet®lved in the

nature of science domain.
Characteristics of Nature of Science Domain

* Framing questions for scientific research
» Competitive side of scientific research

* Methodologies used in scientific research
* Interactions among other disciplines

» Team spirit in scientific research

» History of scientific ideas

* Ways in which science build understanding of thieirae world.
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SCIENTIFIC ATTITUDE

Education should function as a tool for social rde and
scientific change. Throughout in the history of ifmd various
commissions and committees placed science at aoriam position in
the field of education. For the all round devel@minof the personality
of children, science education should aim at dguakent of scientific

attitude in them.

Scientific attitude is the mental readiness toceatain science
related activities. It is an important outcome ofsace teaching. Many
educationists consider scientific attitude as tmedpct of teaching
science but majority consider it as equally impatrs knowledge (Rao,
2003). Science teaching should aim at developirignsfic attitude
common to scientists than following a particulartimoel. Some of the
characteristics of scientific attitude are, remowélfalse belief with
logical method, curiosity, open mindedness, toleeamational outlook
suspended judgement, etc. According to Vaidya 119Bcientific
attitude is a set of emotionally toned ideas alswignce and scientific
methods, and is directly or indirectly related tcc@urse of action”.
According to John Dewey (1933) “scientific attitude linked with
curiosity, fertile imagination and tone of experimed inquiry” Ausekar
(1995) stated that “scientific attitude is opaimdedness, a desire for
accurate knowledge, confidence in procedures fekisg knowledge
and the expectation, that the solution of the lerobwill come through

the use of verified knowledge”:

Having scientific attitude consists in being willi to accept only
carefully and objectively verified facts and to ¢h@ single fact above
the authority. To develop scientific attitude iraleers, teacher should
motivate questioning attitude, spirit of enquirgspect for evidence etc.

in the class. While children practice and obsenience, they feel and
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develop different components of scientific attitud&udents who have
positive attitude towards science shows increatiedtaon to classroom
instruction and participate more in science relaetivities (Germann,
1988, Jarvis & Pell, 2005).

Dimensions of attitude

An attitude has four dimensions namely intensgxtensity,
duration and direction. All these four aspects argortant in

influencing the behaviour of a person.
Intensity

Intensity of an attitude is evidenced by the extenwhich it
motivates an individual’'s behaviour. An intensgtade will break all

its obstacles to find its expression in the behavad a person.
Extensity

It is a measure of attitude, which has broad aedvailing

influence on the behaviour of a person.
Duration

It is the function of education to modify exigli negative

attitude and create new, positive and endurintudti
Direction

It gives us the evidence on which part of a pest@haviour is
modified.

Factors influencing the development of Attitudes
There are many factors, which influence the dgwalent of

attitude in a person. Some of them are listed below
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Maturation

With maturity a person’s attitude become more tpesiand the

person will be able to solve the problems.
Physical factors

Physical factors like malnutrition, diseased aaccidents can

affect the attitude of a person.
Home influence

Home environment, attitude of members in the homeenomic

stability moral stability etc can affect the attijuof person.
Social environment

Stereotype society, orthodox people, prejudices laiades etc

existing in a society causes a person’s attitudeetnegative.

Cognitive factors Cognitive factors like intelligence, creativignd

achievement effects the attitude.
Components of scientific attitude

Components of scientific attitude approved by m#gjo of

educational psychologists are as follows.

o Critical mindedness (looks for consistency and lehges the
validity of statements)

» Suspended judgment (recognizes the restrictedenafugvidence
and concept)

* Honesty (reports all evidences and acknowledgeswitwk of
others)

* Objectivity (considers pros and cons and all of thedence

available unbiased)
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 Willingness to change (alters hypotheses, assunmgtio
technologies and methods)

* Open mindedness (considers several possible dite¥aavhen
investigating)

* Questioning attitude (asks many questions: how, twidno,
where, when and why)

» Tolerance to uncertainty ( rejection of certainty)
Other components of scientific attitudes
Curiosity
Looking to be creative
Appreciation for beauty
Appreciation for complexity
Appreciation of unity
Perseverance
Some major components given by Srivastava (19&0asufollows
Commitment to the value of rationality
Tendency to test traditional beliefs
Seeking natural course of events and identification

Science teachers should inculcate these componéstsentific

attitude among their students through specialuesinal strategies.
Science teaching objectives and scientific attitude

Rao (1990) in his report of school science teaghstated certain

objectives for science teaching and scientifidwad®.
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They are as follows,

» To arouse curiosity of a learner, towards the maturrounding
him and to understand natural phenomena.

» To give training in systematic observation

* To develop scientific attitude

* To give an idea about scientist’'s works.

All India seminar held in 1992 put forward certaims
and objectives to science teaching, important amtegn are
given below.

» To familiarize pupil with the world in which he i and make to
understand the impact of science, so as to enabléohadjust.

* To acquaint him with the scientific method and deatm to
develop scientific attitude.

* To give pupil a historical perspective, so thainey understand
the evolution of scientific development.

» Science strengthens commitments of man to free igngud
search for truth as its highest beauty and obbga{Cilenti,
1988). Therefore the study of science imparts imginin
scientific method and developing scientific attéudamong
learners. This quality ensures sustainable devetopnof an
individual as well as nation which is becoming marel more

scientific gradually (Rao, 1990)
SCIENTIFIC CREATIVITY

Scientists use creativity in every stage of sdientesearch.
(Abd-el Khalik , Bell & Lederman, 1998). Creativiplays a significant
role in every scientific activity. Creativity issad especially while
introducing a problem, formulation of hypothesed &r designing and
conducting experiments. So it touches every stdgeo{Saxena, 1994).

For the development of fundamental understanding soientific
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principles, and for finding a useful and new salntifor life related
problems, one needs creativity. All individuals ovkearn to think
creatively while dealing with the scientific worlarc also apply these
skills in other areas (Meador, 2003). Althoughatirety is accepted as
a problem solving skill in research literature, réquires creative
performance, recognition of the problem, thinkingfedently and
finding solutions. Recognition of the problem @agn extremely

important role in the creative process
Creativity

Creativity is influenced by many factors, so it ddfficult to
explain creativity by a single definition. Thenmea lot of definitions in
creativity. According to Havinghurst and DehaaB§1) “creativity is
the quality which leads to the production of sormghnew and
desirable. The new product may be new to societynew to the
individual who creates it.” By the analysis of @arde number of
definitions on creativity, Rhodes (1961) said ttiere are four strands
of creativity or 4 P’'s namely: person, processsgrand product. The

definitions in the light of 4 P’s are given below.
Creativity and Person

According to Simpson (1922) “creative ability isetinitiative
which one manifests by his power of thought intcalingether different
pattern of thought concerning the problem of ides#tion. It is the
mental quality for searching, combining and synittieg”. Thurston
(1938) states that, “an act is creative if thekbimreaches a solution in a
sudden closure which necessarily implies some v him”.
Guilford (1956) analysed additional factors thatreve@ut forth in the
scheme of classification of human abilities. Héraoted four fluency
factors, namely associational, expressional, wowdl identical and two

flexibility factors namely, spontaneous and adaptiVorrence (1969)
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sorted out 84 important characteristics from vagistudies. According
to K.N Sharma (1971) “The creative person must ighli sensitive,
has high aesthetic sense, independence of judgmérdtive and

preference for perceptual novelty and complexity.”

Stein (1953) views that “A process is creative wheesults in a
novel work that is accepted as a point in time”.adkinnon (1962)
states that “creativity is a process which hasne tilimension and which
involves originality, adaptiveness and realizatioamamoto (1964)
defined creativity as, the process of forming nei@ais or hypotheses,

testing these ideas and communicating the results.
Creativity and Press

Press in the term denoting interaction betweenamubeings and
their environment. Maslow is considered as the expe defining
creativity based on press. According to Maslow6@)9 “creativity
involved a fundamental change in personality stmgctand that this
change occurs in the dissection of fulfilment”. &oke (1951) believed
creativity as “an integrated harmony between eseworld of reality

and individual’s internalized needs.
Creativity and product

Measurement of creativity was a serious problemedaby
psychologists. Some psychologists opined that thé product which
the creative individual makes and value of creapix@duct is based on

its greatness and novelty.

Guilford is considered as the exponent in the dfiedf
measurement of creativity. He measured creativity the basis of
fluency, flexibility and originality components. &tp (2001) defined
“creativity as the product of distinctive drivesdannconscious wishes

that aspire to become immortal”. Wertheimer defireeativity as
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‘productive thinking’. Taylor (1964) defined creaty as “the measure
of creative product be the extent to which it nestuires our universe of

understanding”.
Creativity and Process

John Dewey (1933) was first to think creativityaaprocess. He
gave the following model of five steps in typicatoblem solving

process.

Difficulty is felt —Difficulty located and defined—Possible Solution

— Consequences are considered solution in accepted
The Wallas model comprised of the following fouepst

Preparation — Incubation— lllumination —Verification
Scientific creativity

According to Mackinnon there are three types eftvity, Type

I, Type Il and Type Ill. They are described below.

Type I: This type of creativity is also known as Artistieativity. Here
the creator expresses his creativity through tleelymet of creation like

works of sculptors, poets, composers painters, pliters, novelists etc.

Type Il: This type of creativity is also known as Scieutifireativity
which is exhibited mainly by scientists, biologjstengineers and
chemists. There the creator interacts with tharenment and a novel

and an appropriate product is produced with higreff

Type lll:  This category of creativity comprises the quaditof both the
above mentioned creativities. Here creativity cam $een as the
presentation of the creator and the product, linkétd a novel and an

appropriate product. Modellers, designers, musacedngers, musical
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performers, representational painters and arckite@re the

representatives of this creativity.

The present study deals with scientific creativity Type I
creativity. According to Torrance (1995), “creatyvis recognizing gaps
in the problem or information, creating ideas orpttheses and
transmitting the data”. This definition proves thetteativity is an
inevitable part of science. Scientific creativitgncbe considered as a
helping hand in achieving new and original stepsp@rforming the

targets of science (Aktamis and Ergin, 2008).
Important Theories of creativity

There are many theories about creativity. Only fégvwhem are

discussed here.
Process theory

Process theory of creativity was proposed by V8gll®26). He
presented a theoretical oriented model of creapvecess namely
preparation, incubation, illumination and verificat These steps
explain the route of creative thinking. Followed Wallas, Dewey gave
five stepped model and Rossman gave seven steppédl to explain

creativity.
Intellect Theory

Guilford (1956) viewed creativity as divergent nkking and
proposed that it is an aggregate of mental alslitnvolving divergent
thinking slab of SI model. Intellect theory statkat “creativity can be
drawn from the divergent production of process fidt, then four

contents and lastly the six products in symbolsrater.
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Table 2

Intellect Theory

Process Contents Products

Divergent (D) Figural (f) Units (V)

Production (P) Symbolic (S) Relations (R)
Semantic (S) Systems (S)
Behavioral (B) Implication (1)

Guilford said that other process like cogmit(C), memory (M),
convergent production (N) and evaluation could pratmote divergent
thinking abilities but it influence creativity. Nowerbal creativity is
exhibited by figural contents produced by divergertduction process,
verbal creativity is developed when symbolic anchaetic contents are

used and lastly behavioural contents gives behaaliaveativity.
Cognitive theory

This theory implies creativity is coming from caiiyve styles
which effectively lead to novel information. Gardngoints out that

“accuracy of perception is based on the abilitgecant attention”.
Components of creativity

According to Guilford creativity is mostly asso@dt with
divergent products. He related divergent thinkimgertain well known

abilities as follows.
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Fluency- ability to produce a number of valid respes
Flexibility — ability to produce wide variety of sponses
Originality - ability to generate rare and uncommmesponses

Elaboration - ability to construct complex object the basis of simple

construct.

Later Guilford (1967) added two other abilities;deéinition and
resistivity to problem; which are related to comeat production and

evaluation category of intellectual operations.

Idea of Guilford on creativity influenced many. flerent
components considered by different researchertetela creativity are

as follows.

1. Majundar (1975) Singh (1980) — guess consequeraitsnate
uses problem sensitivity, remote association, &aipar
improvement, finding conceptual correlates etc.

2. Misra (1986): redefinition, elaboration, productpimavement,
guess, causes, guess consequences.

3. Sharma and Shukla (2005): guess consequences;tpradsual
uses, finding new relationships, finding out cauetes

4. Hu &Adey (2002) made scientific structure creativitnodel
(SSCM) having 3 dimensions namely, scientific pssce
(scientific thinking and scientific imagination)egsonality trait
(fluency, flexibility and originality) and scienif product
(technical product, scientific knowledge, sciestibhenomenon
scientific problem).

Mc. Cormack and Yager (1989) in their taxonomy,
included a domain ; imagine and creative whichuide student
abilities related to creativity like visualizingor producing

mental image, combining objects and ideas in newyswa
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producing alternate and unusual uses of objedignggroblems

and puzzles, pretending, dreaming etc.
METACOGNITIVE AWARENESS

Metacognition is a new concept in the field of eahonal
psychology. Metacognition is a word denoting awass of one’s own
thoughts. It enables a student to become a suatdsarner and is
associated with intelligence. Metacognition isighlr order thinking
skill involving active control on cognitive processile learning occurs.
It is the “thinking about thinking” helping laaars in learning how to
learn”. More precisely it is the mental activitiased to plan, monitor
and assess ones understanding and performancealsdtincludes
awareness about ones thinking and learning ancetireessa thinker and

learner.

Metacognitive practices enhance studdilities to apply their
learning in new contexts (Brown 1987). PintrictD@3) argues that
students who know about different kinds of stregedgor learning,
thinking and problem solving will be more likely tise them, not just
practice them”. Metacognition helps students tmgaize their strength
and weakness in every field of their life. Thioluiedge will help them
to expand the extent of their ability. According Bransford (2000)
“those who know, strength and weakness in theiasamgill be more
likely to actively monitor learning strategies argsources and assess

their readiness for particular tasks and perforraghc
Definitions of Metacognition

According to Schraw and Dennison (1994) “Metacagnitefers
to the ability to reflect upon, understand and cardane’s own learning”
Flavell (1976) defined metacognition as “individsadwareness of how

he learns and what he does”.
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Tylor (1999) defines metacognition as “an apprémmabf what
one already knows, together with a correct appr&ban of the learning
task and what knowledge and skills it requiregnioimed with the
ability to make correct, inferences about how tphamne’s strategic
knowledge to a particular situation, and to do dbciently and

reliably.”
Conceptions of Metacognition

Mental processing of information is known as cdigni it is the
function of human mind which allows perceptions goow into
conceptions. Control over our own cognition is knoag metacognition.
It involves both monitoring and regulations of aedwn thinking
process. Itis a conscious verification of oneMaognition to expand
knowledge. A metacognitive skill acts as predictms academic
achievement. It is related to all areas of leayrike, communication,
reading, comprehension, language acquisition, kociagnition,
attention, self control, memory, self instructigeroblem solving and

personality development (Cooper , 1993).

Dewey asserted that learning is an action procegsiving
assimilation from within. He concentrated on thductive process of
learning through observation. He gave a scientifiatiook of
metacognition. According to him metacognition ofleetive thinking
occurs by two processes, first a conscious recognibf doubt and
feeling a state of restlessness, second involvingni active process of
induction by searching and inquiring to solve th#iallty or doubt.
Dewey gave an early conceptual frame work of meaition by

describing it as self monitoring and self regulatprocess.

Piaget (1972) coined the term “consciousness ghizance” for
metacognition. He studied metacognitive activitidsyoung children

and noted that, they are doing mental activitiestha direction of
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metacognition but are unaware of that. But as dhiédren reaches
adolescence they start recognizing the step by attpities of mental
activities. Vygotsky (1962) added language and mamication as the
expression of one’s cognition. According to Vydgts person use his
“inner voice” to think by which he reinforce his awconcrete
experiences and link these experiences with othBngs process is
described by Vygotskian metacognitive theory whishrelated to

Cognitive Psychology of executive control.

Term Metacognition was introduced by Flavell (1p76le was a
cognitive researcher and a professor of Psycholdgy. referred
metacognition as “cognition about cognition or kimogv about
knowing” and recognized certain strategies of nmgadion like,
remembering, categorizing and recalling. According Flavell,
“Metacognition refers to one’s knowledge concerninge’s own
cognitive process or anything related to them, li&arning relevant

properties of information or data”.
Components of Meta cognition

Metacognition is classified into three componenistacognitive
knowledge or metacognitive awareness, metacognitgggilation and

metacognitive experiences.
Metacognitive knowledge or metacognitive awareness

Metacognitive knowledge is what individuals knowboat
themselves and others as cognitive processori. divided in to three
categories; knowledge of person variables, taskabkes and strategy
variables. Flavell stated that all these varialbesrlap and combine
when an individual works. Result of that work isedo the interactions
of the various variables and metacognitive knowdedgailable at that

particular time.
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1. Person variables: It refers to the knowledge almmé’s own
learning processes as well as other people’s legupriocesses.

2. Task variables: It includes knowledge about theumatand
characteristics of a task and how to manage tHe Tdss helps
the individual in successful completion of the task

3. Strategy variables:This includes the knowledge idedtification
of metacognitive strategies and using it approplyatand

effectively.
Metacognitive awareness is of three types.
Declarative knowledge

It is also known as world knowledge. It is theoWhedge about
the factors which can influence one’s own learnargperformance.

This is the actual knowledge which are known ast@mior spoken.

Procedural knowledge: It is the knowledge about how to do
something. One who possesses a clear procedumalldaige can
perform the tasks automatically. This is done figative use of various
strategies. This involves abilities like identrigi the task, checking the
progress of task, evaluating, predicting the outoatlocating of one’s
own resources for the task , determination of o@esequences of

activities for the completion of task etc.
Conditional knowledge:

It is the knowledge about when and why to useatative and
procedural knowledge. This knowledge helps the esited to use
strategies more effectively. This allows maximuniiagtion of their

resources for learning.
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Metacognitive regulation

This is the second component of metacognitionrefiers to the
monitoring and control of one’s cognitive processrigy learning
(Nelson & Narens, 1994). Through this one can legguone’s own
cognition and experiences related to learning thinowprescribed
activities. This includes activities like; overskearning, planning and
monitoring activities related to cognition, monitay the outcomes etc.
The sub components coming under metacognitive aggul is
planning, information management strategies, coh®grsion,

monitoring, de bugging strategies and evaluation.

Planning: This involves cognitive activities done prior talning like,

planning, goal setting, collecting resources etc.

Information management strategies: This involves effective
sequencing and processing of information, whicla ikey element of
metacognition. Some activities are organising, @ating, summarising

and selective focussing.

Comprehension Monitoring: It is self evaluation or assessment of

one’s own learning or use of a particular strategy.

Debugging Strategies: This is the diagnosis and remediation of one’s
own strategy use. This is used to correct comm&ba and

performance errors.

Evaluation: This is the evaluation of performance and stratege

after a learning episode.
Metacognitive experiences

These are experiences which help current ongowmgnitive
work. These experiences always occur after a tegniactivity.

Metacognitive experience involves the use of cegaitive strategies
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or metacognitive regulation (Brown, 1987). Metadtige strategies are
essential processes that a person uses to coongoitive activities and
to make sure that a cognitive goal has been adthie\etacognitive
experience helps a person to process informati@manies or other
earlier experiences, to recall and use them asires® in processing or
solving a current cognitive problem. It is alsdeafed by certain
affective responses like success or failure, faiistn or satisfaction, and
many other responses that effect a person’s willsg or interest to do

similar tasks in future.
STUDIES RELATED TO SOLO TAXONOMY

Purti & Mardiana (2017) in their study named ‘How to analyse
the student’s thinking levels based on SOLO taxondémand out that,
students with high self esteem can achieve uncstral to relational
thinking level, students with medium self esteem paach to the level
of uni structural to multi structural level and d&mts with low self
esteem able to reach uni structural to pre stratterel. Investigators
concluded that by paying attention to self estespeeially in higher
order objectives students can achieve optimal iegrnextended
abstract level in SOLO taxonomy. Sample selectedhi® study was 32,
VIll grade students and used qualitative researdth wescriptive
research approach. Tools used for the study are-eSelem

guestionnaire, problem solving test and interview.

Keskin et al. (2016) conducted a study to examine the
compatibility of the questions used by the sociaties teachers in"6
and 7" level examination. Research tools included; casedyst
observation and document analysis. Sample of tndysnhcluded four
teachers at the sixth grade and three teacherkeasdventh grade.
Investigators found out that even though teachsked questions in

the uni structural and multi structural levels, mad the relevant
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achievements corresponded to the relational strei¢éwvel according to
SOLO taxonomy. The results showed that SOLO Taxgnoan be

used effectively both in teaching and learning pesc

Canfield & Krockenberger (2016) made a study to describe and
evaluate an Interactive Student Centred Teachiraje$ty of learning to
analyse laboratory data in clinical pathology. loe#ag outcomes and
assessment components are designed for deepeintearith the help
of SOLO Taxonomy. Study found out that, the stratemhanced

interpersonal skills and encouraged deep approdeaming.

Sophie (2015)conducted a study on deep level learning with
SOLO Taxonomy. Investigator found that SOLO Taxoggmovides a
common language of learning for students, to comoat@ with their
teachers and peers. The SOLO framework gives tea@ral students
an opportunity to know where they are, define tkaircess and the way
for achieving it. The five levels, Pre-structurblni-structural, Multi-
structural, Relational and Extended abstract ags#&thers in planning
and assessing deep level learning. SOLO allowsestado engage in

active and collaborative dialogue within five diéat levels of thinking.

Brown et al. (2013) studied that students vary in learning
approaches in different contexts. Some learneryy aqpface approach
while some apply deep approach of learning. Surégg@oach leads to
poor quality learning outcomes, while deep approads to better
understanding, retention and achievement. Studgated that SOLO
Taxonomy helps to increase deeper understanding,aoincept and to
design goals and levels of achievement which helpevaluation

processes.

Bhattacharya et al. (2013)investigated the level of learning
attainment in Qualitative Outcome Learning (QOL)yotigh SOLO

Taxonomy. Computer assisted content, based on S@kE€s were
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given to children of 14 years age to test theirarsthnding. They used
QOL to assess the learning. The study found out3&4.O Taxonomy

stimulates deep learning.

Stephen (2013) stated that SOLO describes the levels of
increasing complexity of students understandingelps teachers to get
an understanding of the learning process by ohsgrthe learning
outcomes of students. By SOLO Taxonomy, a teacher react to
student’s response differently, relating to, whettiey know to make
connection between facts, they have surface or deepledge etc. A

teacher gets a clear conceptual understandingopdcu

Guico & Dolor (2013) conducted a study on the level of
awareness and possible concerns of the marinetyamgmbers on
outcome based education. The investigator exans@dO Taxonomy
and viewed that it provides a systematic way oftdbsg a student’s
knowledge, which grows in complexity when masterangoncept. It is
also helpful to teachers in formulating outcomesicivhis useful to

students to decide the way for achieving their goal

Evan (2012) studied that the ability to calculate progress is
important for creativity. It gives signs that yoave to go back and get
some more insights. SOLO Taxonomy gives the awaseabout where
you are, in the learning process. Researcher vigWwatdeven though
SOLO is an assessment tool used by teachersmibiie powerful when

the learner use it as a self assessment tool.

Didan (2011) described SOLO Taxonomy as a tool to design
learning experiences for the acquisition and appbn of knowledge.
Because SOLO helps to classify learning outcomesedaon its
complexity. The researcher found out that, SOLOchaxmy helps to
map student’s levels of understanding and to askess much they

apply knowledge.
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Kiani (2011) conducted a study to evaluate the examination
system at grade five in Punjab, based on SOLO Taxgn
Administers, Head, teachers and students of albtimeary schools were
included in the study populations. Two types ofgjismnaires for both
teachers and administers, and a self developea\ahent test were
used to collect data. Study findings showed thajortg of the
administrative staff and teachers are satisfieth wie new examination
system based on SOLO Taxonomy. It increased thkeatitity of
class V examination, increased students learnimggtive thinking and,

reading and writing ability among students.

Lucander et al. (2010)investigated to find out whether SOLO
Taxonomy will be useful in developing deep learnapgproach, through
the assessment of learning by summative evaluagchniques. 32
secondary school students were selected as expeaihggoup who got
SOLO Taxonomy treatment and the other 35 studeetsived
traditional method of teaching. Effects of the tweatments were
analyzed by summative assessment through SOLO daxpnStudy
found out that SOLO Taxonomy as a model for impngviearning and
as a tool to develop and promote deeper approackearhing in

students.

Smith &Colby (2010) examined student’s level of learning and
teacher’s effort to foster deep learning. Study @antonsisted of 64
teachers from different areas. Collection of da#s \W@one by examining
the teaching practices and student’s learning omésousing SOLO
Taxonomy. It has been found out that most of tles<lroom learning
was characterized by reproduction; categorizingormftion and
replication of simple procedures. Through this gtiidey gave many

implications for fostering deep learning.
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Bei (2009) made an enquiry in to student’s, concept
understanding level using SOLO Taxonomy. Investig&iund out that
SOLO Taxonomy gave deep quality level to educaaod explored
student’'s learning. Study results showed that SOIL@xonomy
appraised student’'s learning and increased congleptuderstanding

level.

Minogue & Jones (2009)conducted a study on, using SOLO
Taxonomy for the evaluation of student learning studying cell
membrane transport through Computerized Learningr&mment. Two
groups of 80 students were selected randomly andypes of feedback
were given. One group received visual feedback thedother group
received visual and haptic feedback. Pre test- tegsicomparisons were
made and found out that the scores obtained shosigaificant
difference. The findings revealed that the grougergng haptic
augmentation of computer based science instrutziah to deeper level

of understanding.

Burnette (2007) conducted a study on 35 clients, appeared for
counselling. Participants were asked to write getein what they have
learned from counselling. The written responsesewanalyzed to
different levels using SOLO Taxonomy. Study sugegdhat SOLO
offers an excellent method to assess the outcommesumselling in an

instructional frame work.

Gillian & Levis (2006) explored the use of SOLO Taxonomy for
development and assessment of higher order thinkinghigher
education. The study revealed that SOLO Taxonong g®od tool to
find out metacognition and entering knowledge irdiscipline. The
study also found out that, through SOLO students @aanize their
knowledge in a discipline and present models ofirddslearning

outcomes level and its assessment.
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Chan et al. (2002)investigated the application of three different
taxonomies in assessing student’s cognitive legrrontcomes. The
three taxonomies studied are SOLO Taxonomy, Blodm¥onomy and
Reflective Thinking Measurement model. Through expental study,
by analyzing scripts of long essay papers and siagsroom discussion
responses investigators found that SOLO is the switible Taxonomy

for assessing learning outcomes.

Ditchfield  (1996) investigated structural organization
conceptions, and knowledge of their own learningspssed by 40
teachers of 23-53 years age studying an in servoese on adult
learning. Teachers were asked to give a writteteistant about learning
at the beginning of first semester. Project statem&ere categorized
and analyzed on the basis of SOLO Taxonomy. 80%&sgonses were
at multi structural level while other responsesiedibetween different
SOLO levels. Result showed that teachers also neeéarn about

SOLO based learning to become independent learners.

Courtney (1986) studied significance of SOLO Taxonomy for
teaching and learning Geography. Researcher foundhat the five
level hierarchies of SOLO Taxonomy helped teachersvaluate the
quality of student’s thinking. Study also foundtothat SOLO
Taxonomy in good for framing questions, and scorggponses. SOLO
has broad curriculum applicability and can improteaching and

learning activities.
STUDIES ON REVISED BLOOM’'S TAXONOMY

Juneau (2016)made a study on sixth grade students to find out
the effect of Bloom’s Taxonomy in fostering critichinking .She found
out that after laying out goals in each categoryobjectives under
cognitive domain of Bloom’s Taxonomy, students nsvierward

mastering each level, takes control of informatiand knowledge
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presented. Adopting a systematic way of teachirngough the
taxonomy, gaining and utilizing student’s knowledge each level,

students can easily reach to their maximum levégaining.

Akinde (2015)made a pilot study on learning outcomes based on
Didactic and Socratic instructional methods. Tlhedg lasted for 7
weeks. Two groups were selected, one group gadicmethod while
the other group got Socratic Method and lastly &t teas conducted
based on five levels of Blooms Taxonomy. Findisgswed that there

was no significant difference between the two geoopstudents.

Ugur et al. (2015)examined the integration of Self Development
Theory and Bloom’s Taxonomy to promote self develept of
students in educational settings. The core compusnef SDT were
incorporated into Bloom’s Taxonomy for a value greted personal
growth. Both teachers and students were parteipat the study and
findings showed that the process of self develogman be enhanced
by internalization of cognitive learning and sugpdr by favourable

developmental outcomes of students.

Wisvanathan & Murthy (2015) conducted a study on how to
develop student's higher level cognitive skills. heyy developed
guestions in higher cognitive levels based on ReliBloom’s
Taxonomy and examined whether the students care ghle higher
order questions. Two schools of Mumbai were setéeind took class
3 and 4 students as samples. The investigators obsema¢dtudents

answered higher order thinking questions.

Ayesha & David (2011)conducted a study on student — content
interaction in online courses. The role of quaspoompts is facilitating
higher level engagement with course content. BasedBloom’s
Taxonomy, various cognitive level questions weneegiand analysed

its relationship with subsequent responses in enforum. Results
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indicated that higher levels promoted higher lestatlent responses and
guestions related to comprehension, application symthesis invited

highest average number of student responses.

Mc Bain (2011) made a study to examine how students can
understand up to higher order thinking skills whilandling critical
thinking questions with the help of Bloom’s Taxonponirwo classes of
high school students were taken and questions geen based on
gradation levels of Bloom’s Taxonomy. The investag found that
there is no significant difference between studemlsle answering
lower order objective questions of Bloom’s Taxonerayt when they

reach higher order objectives there is signifigifierence in answers.

Neil & Rita (2011) studied outcome based programme
evaluation using Bloom’s, taxonomy. Outcome bagedgramme
evaluation is a method used to assess outcomedsl bmsecertain
indicators. Investigators checked the acquisiGboutcomes of learner
activities using Bloom’s Taxonomy. The study wated that Bloom'’s
Taxonomy is helpful in identifying, classifying andlearly
communicating outcome indicators by which a teacotem evaluate

their programme.

Rupani and Bhuto (2011) through a survey study evaluated the
existing teaching with the aid of three domaindB@om’s Taxonomy.
The study found out that existing teaching was leacentred, and
gives emphasis to rote learning. The study aldacated that affective

and psychomotor domains are untouched in presethioche

Sultana (2010) study was to improve method of teaching by
effective use of taxonomy. Researcher used ReviB&mbm’s
Taxonomy for the study. Study involved 123 teasharfour sections
of undergraduate course, on classroom assessmdmio groups

received same instructional information but withffetent practice
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activities. Results showed that there was no Boamt difference

between two groups.

Kristeal (2010) examined the effect of Bloom’s taxonomy based
lesson plans. Two groups of students were seldoteithe study. One
group taught using Bloom’s taxonomy based less@mspland other
group was taught by text book based instructionoTgvoups were
parallely taught by two mathematics teachers. Bglyzing post test
scores it was observed that the group receivedrB®taxonomy based

classes score high than other group.

Savickiene (201D published an articl®en a problematic issue
regarding ineffective use of teaching outcomesffd#ctive domains of
Bloom’s Taxonomy. The article examines the presafitity criteria
of learning outcomes in affective domain and sutggesrtain solutions

for learning and teaching affective domain.

Carolyn & Frank (2009) reviewed that communication of
educational objectives is essential for teachingrnieg process.
Bloom's taxonomy provided an easy way of commumicatof
educational objectives for cognitive learning. &irrarchical levels of
Bloom’s Taxonomy ensure different applications athptations of

student learning.

Guruprasad (2009) studied application of Bloom’s Taxonomy
to questioning techniques in the classroom. Tkearher viewed that
in many countries Bloom’s Taxonomy is used for mwlum
development, classroom interaction and learningsassent which are
the core areas of education. The study obseradwtih the help of
Bloom’s taxonomy, it is easy to frame higher ortlénking questions

and it increased questioning skills.
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Halawi et al. (2009)examined the effectiveness of e learning.
Through an exploratory study investigator evaluagddarning through
web CT on the basis of Bloom’s Taxonomy. A quesigre was made
to test whether individual and instructional fast@lay any important
role in learning while using web CT. 75 particifmmwere involved in
the study. Results indicated that individual amstructional factors do

not play a major role in learning process.

Crowe et al. (2008)developed a Blooming Biology Tool (BBT)
based on Bloom’s Taxonomy to assess student’s togrskills. BBT
consist about 600 science questions from colldgestiience exams and
standardized tests. Researchers administeredtitrea different higher
secondary school settings. It was found that,eipéd in adjusting
teaching, attaining mastery in learning the content in assisting

students for college level exams.

Rodney (2007)found out that in organic chemistry classes most
students try to memorise data than understandingi@ suggested that
by implementing Bloom’'s Taxonomy we can increase tavel of

comprehension in organic chemistry classes.

Renumol and Jayaprakash (2006pmnalysed the difficulties of
students in programming education. Sample selewotsi a group of
undergraduate engineering students. Analysis wateron the basis of
Bloom's Taxonomy. It was observed that in all domsaistudents
exhibited problems. Results of the study showed #ia levels of
cognitive domains of Bloom’'s taxonomy are very impat in
programming process, and that is why students falifgulty in

learning.

In a study conducted bgirasian & Miranda (2002), Revised

Blooms Taxonomy and its role in learning and aseess was
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examined .Researcher found out that it presentsaaamd reliable way

to assess complex cognitive and metacognitive kedgd.

Krathwohl (2002) revised original Bloom’'s Taxonomy of
educational objectives. It described a new way fdassifying
educational objectives which were different formgoral Bloom's,
Taxonomy. The paper gives importance to knowlediggension and

cognitive process of cognitive domain.

Gokhale (1995) compared the effectiveness of Individual
Learning and Collaborative learning to enhancd dnt practice skills
and critical thinking skills. Sample consist of 4éhdergraduate
Industrial Technology students. Non equivalentta@ngroup design
was selected for the study. 24 students got Indalidearning and the
other 24 got Collaborative learning. A test was pared by the
researcher on the basis of Blooms taxonomy, andrestered on both
the categories as pre test and post test. Presdests were same for
both groups but in post test, the group which gdaborative learning

showed high scores in critical thinking.

STUDIES RELATED TO Mc CORMACK AND YAGER'S
TAXONOMY

Faheen & Yager (2016)viewed that for achieving an effective
student learning we need to consider all the sigr®e Domains. They
found out that process skills indicated studentcess, Concept and
Process Domains are part of traditional learni@geativity and Attitude
are enabling domains, Application Domain helpsapply these of
concepts in new contexts and lastly Nature of S@ddomain includes
philosophy, history and sociology of scientific pess. Investigators
suggested that a science teacher should focusldheabkix domains

while teaching.
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Rajasree (2014)conducted a study to analyze the effectiveness
of Mc Cormack and Yager's Taxonomy in teaching pdg/sat
secondary level. A sample of 340 students of testdndard were
selected. 170 students were given, teaching basdédco Cormack and
Yager's Taxonomy and the other 170 students whcevilee control
group received teaching, based on Bloom’s Taxonohopls used for
the study are Achievement test in physics, Phyditgrest Inventory,
Scientific Attitude Scale, Scientific Creativity 3t Science Process
skill test and Metacognitive Inventory. Findings vealed that
achievement of experimental group was better thantral group.
Experimental group gained more scores which amfgigntly different
from control group with respect to interest in Hbys Scientific
Attitude, Scientific Creativity, Science Procesdlisk Metacognitive

Awareness and Achievement in physics.

Cherif and Verma (2010) made a study to assess student’s
performance and understanding. The investigatocammnated on the
effective understanding of human body organs foepddearning.
Student achievement was assessed based on Mc Goamdcyager’s
Taxonomy. They found out that this Taxonomy is uk&d teachers for

evaluating the level of cognitive involvement dgriearning activities.

A comparative study of Text Book Based Instructeomd STS
(science, technology and society) based instrustias done byAckay
and Yager (2010)in fourth, fifth and sixth grade students. Effetthe
two processes was evaluated using Mc. Cormack amagens
Taxonomy. They found out that there was no diffeeem the concept

Domain but found significant differences in otheefdomains.

Miranda (2008) conducted a study on Pedagogic Content
Knowledge and Technology Teacher education. Relseexdound out

that Mc Cormack and Yager's Taxonomy was found eohkelpful in
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guiding the field of engineering and technologyxdm@omy of science
education put fourth five domains which are arrahgeerarchically as,
Knowledge, Process, Creativity Attitude and Appgica. Mc Cormack
and Yager's Taxonomy was found to be a good toolMedagogical

Content Knowledge treatment of engineering curuoul

According toYager (2007),STS or Science, Technology and
society is considered to be an important part efdhrriculum. But it is
transmitted in a traditional way. Investigator fduthat when STS is
effectively implemented, a science student can iob&l the key
concepts of science and technology. The six domafinrdc Cormack
and Yager's Taxonomy indicate varying goals of scée education.
These domains present a hierarchy of science imgrsdwhich can

reform science education.

Yager (2007) found out that Mc Cormack and Yager's
Taxonomy is useful for STS and it broadened thenisScience for
all’. Mc Cormack and Yager defined and explainddts six domains
which are important to science. According to themese domains
functions as,basis for defining goals, curriculutangards, instruction
and assessment.

Veal (1999)made pedagogic content knowledge Taxonomies in
which Mc Cormack and Yager's Taxonomy is includé&kdagogic
Content Knowledge Taxonomy is a new trend in edonat reforms for
expertise teaching. It serves as a model for ggidinience teacher

development.

Melear (1995) investigated creativity and inventiveness in
science. In that study the investigator referred @larmack and Yager's
Taxonomy which is comprised of imaging and crea@sgone among

the six domains. This domain is of great help sxhers and students to
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be creative in teaching and learning process. Timysalso mentioned

the importance of creativity in a classroom withSSfocus.
STUDIES RELATED TO SCIENTIFIC ATTITUDE

Ahuja (2017) conducted a study on scientific attitude and s@enc
achievement among secondary school students. p#sgerisurvey
method was adopted on 208 secondary school studsenigy results
showed a positive correlation between scientifiituate and science
achievement. Researcher opined that science-tepaclsimategies
developing scientific attitude worked as a deteaninof academic

performance among students.

Singh & Singh (2017) investigated correlation between
Scientific Attitude and scientific interest amon standard students.
Method adopted was normative survey and sample isteds 320
students of Government and Private schools. Stedyaled that there is
a high positive correlation between scientific tatte and scientific

interest.

Kaur et al. (2015) studied achievement in science of secondary
school students in relation to gender, locality awtentific attitude.
Survey technique was used for the study. 200 twstaadard students
were taken by random sampling method from rural arghn areas.
Three way analysis of variance was used to andéhgsédata collected by
Scientific Attitude Scale and Science Achievemest.tResults showed
that there is no significant different in male/ fdm and rural / urban
students in scientific achievement. Achievemensarence of students
with low, average and high scientific attitude vgagnificant. Three way
interaction effects among sex, habitation, and rgifie attitude on

achievement of science was not significant.
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Pradhan (2015) conducted a study on comparing scientific
attitude of English medium and Odia medium studeHts took 120
tenth standard students, 60 from English and 6én f@ddia medium
school of Khurda district of Odisha. ‘t' test anésdriptive statistics
methods were used to analyse the data. Findingsaley that girls and
boys of Odia medium school differ in their scieiatifttitude. Girls of
Odia medium school have high scientific attitudanttbboys. There was
no significant difference in scientific attitude dioys and girls of
English medium schools. And finally, there was nign#icant
difference in the scientific attitude of Odia andgiish medium

students.

Gupta (2015)analysed the influence of area, gender and stream
of study on scientific attitude of higher secondseitool students. Tools
used were scientific Attitude scale and Attitudevdods science scale.
Findings showed that gender has no effect on stemititude and
attitude towards science, but stream of study psaysmportant role in

developing scientific attitude and attitude towasd®nce.

Chandrasekharan (2014)made a study to develop scientific
Attitude, Critical Thinking and Critical Intellige® of higher secondary
school biology student by applying Synetics techaiq Eleventh
standard students were taken as sample. Contragefimental group
were selected randomly from the total sample. Bst &nd post test
were carried out and the data was analysed byt Ehe study results
showed that by synetics model, scientific attitade¢he students were

developed and enhanced compared to traditionalofvéaaching.

Nambikkai (2014) conducted a study to find out differences in
scientific attitude of secondary school studenthwespect to gender,
locality, religion, educational qualifications aadnual income of father.

Results showed that (1) There is no significarfied#nce between male
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and female students in their scientific attitud@) (There in no
significant difference between rural and urban sdaoy school students
in their scientific Attitude. (3) There in no sigant relationship
between father’'s educational qualification and rtlseientific Attitude.
(4) There is no significant relationship betweethé®’'s income and
their scientific Attitude. (5)There is no signifidarelationship between

religion and scientific attitude.

Safdar & Shah (2014) undertook a work to construct and
validate an instrument to measure scientific atétof secondary school
students. Another objective of the study was to mama the attitude
gained through Meaningful Learning Model of Ausahed traditional
method of learning physics. The study extendedfoweeks. Findings
revealed that there is a gain in scientific Attéudor students taught

using Meaningful learning Model than traditionadd¢bing method.

Srivatava (2014) investigated whether achievement in science
can predict scientific Attitude in students. 48ntki standard students
were taken as samples; among them 240 were gul246 were boys.
Scientific Attitude Questionnaire and Scientific Aevement test were
used as tools. Findings of the study showed thabwladge,
comprehension and application in science do notritare to scientific
attitude among male students. But female studeiits s@mprehension

and knowledge in science showed scientific attitude

Relationship between scientific Attitude and Enmmmeental
Awareness among secondary school students was redplby
Srivastava (2013) Investigator took 1X standard students as sample.
Findings of the study showed that scientific attéuof boys was not
related to their Environmental awareness. But seaaf girls there is a
significant relationship between scientific Attimihnd Environmental

awareness.

71



Review of Related Letenatune

Lekshmi & Anjuli (2010) studied the extent to which scientific
attitude and scientific aptitude help in improviegvironmentally sensitive
behaviour. They took 480 secondary school studtartstudy. The study
revealed that scientific attitude influences envim@ntal practices of children,
but scientific aptitude does not influence it. Tingb curiosity and open
mindedness components of scientific Attitude clelddeveloped conservation

of nature, control of noise pollution and limiteskeuof poly products.

Jancirani, Devakrishnan & Devi (2012)investigated scientific
attitude of adolescence students with respecteioder, locality, method
of instruction and type of management. By randommmieng 300
adolescent students were selected for the student8c Attitude
Questionnaire was used to collect data. Analysis dane by mean,
standard deviation and ‘' test. The study reveatbdt there is
significant difference in the scientific Attitude adolescent children
with respect to gender, locality, medium of instrme and type of
management. Scientific attitude of self-financinth@ols were better

than Government and Aided school students.

Pillai (2012) analysed scientific Attitude of higher secondary
school students in Virudhanagar district of TandimaThe investigator
found out that male and female students signiflgadiffer in their
scientific attitude. The study also showed that &@owment/Private
school, Rural/urban school students differ sigaiffity in their scientific
Attitude.

Khan et al. (2012)studied the development of scientific Attitude
by biology teaching based on Inquiry method. Rededesign used in
the study was pre test-post test experimental abgtoup design. 120
secondary school students learning biology werecsad as sample.
Control group received, traditional method of teaghand experimental
group received, Inquiry method based teaching. Goispn of data was

done by t test. Finding showed that enquiry metsadore effective for
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biology teaching for developing scientific Attitudidnan traditional

method.

Pattil (2011) made a comparative study of scientific attitude
among secondary level students. 120 students \wkes tas samples for
the study. Mean, standard deviation and ‘t’ testenesed to analyze the
data. Findings showed that there is significanfedénce between male
and female student of secondary level and higheorstary level is their
scientific attitude. Scientific attitude of malaidéents of secondary level
and higher secondary level is more than femaleestisdof secondary

and higher secondary level.

Durga Rani (2007) Identified educational Aspirations and
Scientific Attitude of urban students of secondangl higher secondary
levels. Findings revealed that higher secondarglestts show realistic
aspirations which are dominant in girls. While &nt$ of secondary
school showed idealistic educational aspirationghdr secondary
school students possess long range aspirationssacwhdary school
students possess short range aspirations. It asfalsd that scientific

attitude has a direct influence on educationalraipns.

Rao (2003)found out that scientific attitude of pupils stuyin
private schools, rural schools, English medium sthand residential
schools was higher than government, urban and §alumedium school
students. Irrespective of their sex, all the pupisld an average
scientific attitude. The study also revealed theatosl facilities and
teaching and learning environment enhances devaopuof scientific

attitude in children.

Moore et al. (1997)revised his scientific attitude inventory
which was constructed about 25 years ago. He ingatogadability and

gender biased language elements. Number of iterssreduced to 40
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which were to 60 in older version. Reliability amdlidity was also
established.

Bourn and Ghiselli (1955)examined two persons, one having
scientific Attitude and another not having scigntif\ttitude. After the
comparison of those two persons, the investigatond out that one
characteristic of scientific Attitude is flexib§it The person having

scientific Attitude always tried to improve his t&é$ rather to defend it.

John Dewey (1933)explained some important characteristic of
scientific attitude as curiosity, fertile imagirai and love to

experimental enquiry.
STUDIES RELATED TO SCIENTIFIC CREATIVITY

Sri Astutic (2017)studied the effect of scientific creativity test to
train secondary student's learning outcome. Ingastrs made a
scientific creativity test to develop scientificeativity skills in students.
Effectiveness of the test was measured by achievetest and self
assessment. Indicators used in achievement tdsdet;, unusual use,
technical production, hypothesizing, science imagam, problem
solving, creative experiment, science product acidnsific creativity.
Sample included 140 students and results showedthieatest was

effective to develop scientific creativity skills.

Kumar & Chahar (2016) conducted a study on the relationship
between creativity in science and certain demogcaplriables of
secondary school students. The study found outliea¢ is a significant
relationship between each of the components otigityan science and
total creativity in science based on demographidabtes like sex,

locale and socio economics status.

Grace et al. (2016)conducted a study on secondary school

biology teacher’s perception of scientific crediiviResearch design
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selected was cross sectional survey. 205 seconsiErgol biology

teachers were selected by random sampling methaid Was collected
using questionnaire and analysed by descriptivisssts. Result of the
study showed that a high percentage of biology hewsc have clear
perception of general creativity but only a smad#irqgentage have
correct perception of scientific creativity. Stuielyplication pointed out
that teacher education programme should give engloaisincreasing
creativity, and curriculum materials and methodsoudth include

activities to enhance scientific creativity.

Birgili (2015) made a study on creative and critical thinking
skills in problem based learning environment. Redeer analysed,
philosophy and characteristics of problem baseatniag, role of
teachers and students, and its advantages andvagages. The
researcher found out that PBL grounded instructistrategy is a useful

approach to inculcate creativity and creative timgkskills.

Hu &Wu (2013) developed an intervention programme named
“Learn to think” (LTT) to increase the thinking &bes of secondary
and primary students. This article studied theumrfice and delayed
effects of LTT on scientific creativity of seconglaschool students.
Among 107 students 54 participated in LTT and #& had not. The
study lasted for two years. Pre test and delayet test was conducted.
Result showed that LTT promotes development ofnsifie creativity in
secondary school students and effects of scientifeativity are not

necessarily immediate but long lasting.

Munakata & Vaidya (2013) studied the philosophy of creativity
and its enhancement through an undergraduate cbsexperience.
They offer some suggestions for infusing maths asclence
undergraduate curriculum with research experienagsa way of

enhancing creativity in student. Creativity incessa student's
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scientific thinking, motivation, passion, adaptaipjl skills and
responsibilities. Study findings revealed that thgearch experiences at
the undergraduate level instil a deep sense ofmilgrand make

university experiences pleasurable and long lasting

Meyer (2012) conducted a study on teaching for creativity. He
viewed that science teachers often neglect scdiewtiéativity in science
classroom. Creativity is put apart for arts and hoities. Some science
teachers rarely consider this for gifted studehesaching for creativity
can help students to improve critical thinking Iskimotivation and they
start to understand the role of creativity in depaig new scientific
knowledge. The study gives implications on how tdify lessons and

labs to promote creativity in class room.

Khan & Khan (2011) conducted a study to find out differences
between boys and girls in terms of different aspeat creativity.
Sample consisted, 50 boys and 50 girls taken threoagdom selection.
The investigator administered Torrence test oftoredhinking. ‘t’ test,
and standard deviation show that boys do not dgignificantly in all
the variables of verbal creativity except in theaswe of originality

from the girls.

Aktamis& Ergin (2008) made a study to test the effectiveness of
scientific process skill education to promote stifen creativity,
attitudes towards science and achievement in seiedample consisted
of about 40 students of secondary school. Achievertest, Scientific
Attitude scale and Scientific Creativity test wesmployed to collect
data. The result of the study showed that scientdrocess skill
education increased student achievement, scientfittude and

scientific creativity when compared with teachemteeed method.

Kind (2007) investigated the role of creativity in science

education. He viewed that creativity is not fullgtablished as a
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mainstream topic in psychology and education resedfe believed
that each school subject should emphasize creatiithin the agenda
reflecting the characteristics of education. Irstkiudy the researcher
reviewed common approaches of creativity in scieadacation and
summarises by giving certain suggestions for makirignce education

a contributor to develop student’s creativity.

Sharma & Shukla (2005)developed a scientific creativity scale
and administered it on urban, rural and refuge esitgl of the middle
schools in India. The test consisted items relabefluency, flexibility
and originality which are the components of scientreativity. The
results showed that lowest scores came from urhgoilspand rural

pupils scored higher in fluency component thangeés.

Lin et al. (2003)analysed the effect of Cognitive Acceleration
through Science Education (CASE) programme on skngnschool
student’s scientific creativity. Scientific creaty test was used to
collect data from students. Findings of the stualyidated that CASE
programme promoted the overall development of sifiewcreativity but

effects on different scientific creativity aspeetsied.

Simonton & Kaith (2003) studied creativity as an integration of
person, product and process perspectives. Accorttingsimonton,
psychologists investigate scientific creativity rfrotwo perspectives;
correlational studies of a creative person and mxgatal studies of
creative process. A third and new perspective éatore products that
emerged from scientific careers and communitiesreftive scientists.
Key findings from both correlational and experinantork strengthens
study conclusion. Researcher remarked that for éiednview of
scientific creativity, process and product perspest should be

integrated.
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Sansanwal and Deepika (2003)onducted a study to found out
the relationship between scientific creativity antklligence. The study
inferred that male and female students do not diignificantly in
scientific creativity. Interaction of sex and stardl do not affect
scientific creativity. The study also found thatstfidents belonging to
high and low levels of intelligence do not diffegrsficantly, in their

creativity.

Hu & Adey (2002) developed a scientific creativity test for
secondary school students. Construction of the iest based on the
analysis of various aspects of scientific creativiFindings of the
research showed that scientific creativity of sel@wy school students
increases with age and scientific ability is a sseey but not sufficient

condition for scientific creativity.

Haneeshia (2001xonducted a comparative study for scientific
creativity of students in DPEP and non DPEP schoolthe state of
Kerala. The study found out that DPEP and non DBtBents differ
significantly with components like fluency, flexiiby, originality and

total creativity.

Unsworth (2001) wrote in his article that most researchers
assume that creativity is a unitary concept, witheaderstanding the
phenomenon. He argued against this homogeneityredtigity and
developed a matrix of four creative types, respasiexpected,
contributory and proactive. He explained procesgesgjictors and new

methodologies for the four creative types.

Asmali (1994)investigated the relationship between achievement
in science, science interest, scientific attitudegcess outcomes in
science and scientific creativity of secondary sthstudents. The
correlation coefficient of achievement in scienod acientific creativity

was found to be significant at 0.01 level.
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Misra (1986) investigated the effect of home and school
environment on scientific creativity. The resultowed that boys and
girls do not differ significantly in inquisitivenssan aspect of scientific
creativity. All the significant relations among tkariables seemed to

vary with respect to intelligence and socio ecorwst@atus.

Yawalkar (1985) conducted a study on the development of
scientific creativity. The main objective of theudy was to test the
efficiency of two creative teaching technigues ngm®ionics” and
Morphological Correlates Analyses. Personality elates of scientific
creativity considered in the study was self relgn@dominance,
emotional stability and venturesome. Findings stwwhat overall
scientific creativity tend to dominate in Oionidsah Morphological

Correlates Analysis.
STUDIES RELATED TO METACOGNITION

Cecilia (2016)explored influence of metacognition training on
the academic performance of middle school studeStsdy was
conducted through experimental method on a sanfdl&® students of
sixth and eighth grades. Intervention sessions wagsigned and
implemented to develop metacognitive skills amontudents.
Researcher used pre and post —qualitative and itatevet assessments
along with quarterly grades. Results showed thatacognition and
motivation were positively correlated with acadenperformance.
Research findings also showed that sixth gradeestsdshowed high
levels of metacognition, self efficacy and engagamthan eighth

graders, with lower levels of anxiety.

Jaleel and Parameswaran (2016)studied Metacognitive
Awareness of secondary school students. They asi@ared
standardised metacognitive Awareness Inventory 86 &econdary

school students of various schools in Kottayam rigistUsing survey
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method the investigators found out that secondehpd students are
identically distributed according to their localgender and level of

management of the school in Metacognitive Awareness

Hidayat (2014) conducted a study to test the effect of
Metacognitive Awareness and Learning Strategiestodent success in
distance learning class. Metacognitive Awarenesseritory and
Learning strategy questionnaire were used as ttwlsollect data.
Samples considered for the study are 126 underugtadstudents.
Findings revealed that Metacognitive Awareness lagatning strategy

has a significant effect on learner’'s academic ssgc

Goh & Hu (2014) investigated the relationship between
Metacognitive Awareness and Listening Performarg@amples taken
for the study are 113 students of higher secondahpols, who took
English as their second language. Metacognitive rABwness
Questionnaire and Listening Questionnaire were ldpeel as tools for
the study. Findings revealed that there is sigaifigositive relationship
between metacognitive awareness and listening §kilidy also showed
that there is considerable difference in metacognéwareness among

different type of learners.

Sivakumar (2014) conducted a study on metacognitive
awareness of, secondary teacher education stutfeng$ation to their
attitude towards teaching. 300 student teachers se&ected by random
sampling method. Data was analysed with respedetader, nativity
and age of the students. Results indicated that the significant
difference between male and female students in ddegtative

Awareness and Attitude towards teaching.

Sony (2014)investigated the effect of Metacognitive Interanti
for enhancing achievement in economics among secgndchool

students. Sixty tenth standard students of Govenhsehool were taken
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as sample for the study. Tools used are Metacogni@rientation
Frame work and achievement test developed by thvesiigator.
Findings revealed that self-regulative learning asmded through
metacognition increased student achievement in ceoms, and it

helped them to become independent learners.

Wong (2012) analyzed self-regulation, use of Metacognitive
skills and punctuality in learning. Metacognitive wareness,
Procrastination and Academic performance were fowud using
guestionnaires. Study was conducted on 314 studémig universities
of Hong Kong. Findings showed that high MetacogeitAwareness
and low Procrastination tendency are two positidements for

academic learning.

Alka (2011) developed a Metacognition Integrated Multimedia
Science Package for students at secondary levebn8ary student’s
Metacognitive Awareness and Metacognitive teachingipetency of
teachers were found out. The study showed that cogtation
integrated multimedia package was useful to seagnsizhool students

in enhancing achievement, metacognitive ability social skills.

Dul (2011) investigated the effect of Metacognitive strategie
achievement and retention for developing writinglskStudy sample
was 77students of English language. Experimentaumgrreceived
instruction based on metacognition and control proreceived
traditional method of instruction. Both group weggven writing
assessment tests as pre test, post test and oatdet. Findings
revealed that metacognitive strategies contribmtedh to achievement

and retention in writing.

Jayaprabha (2011) found out the effect of Metacognitive
instruction in science classrooms. Quasi experialegde#sign was used

for the study. Experimental group received metatogninstruction for
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11 weeks. Achievement test was conducted to expatathand control
group. Finding revealed that experimental group mre marks in

achievement test than control group.

Rahman et al. (2010)made a study to test the impact of
Metacognitive Awareness on student performance.afme of 90
students of tenth standard was taken for the sthdigtacognitive
Awareness Inventory and Chemistry achievementiest used as tools
for the study. Findings showed the existence ofetation between
metacognitive awareness and academic performanstudénts. The
study also showed that male and female studentsnalo differ

significantly in their metacognitive awareness.

Zohar & David (2010) undertook a study on the contribution of
Metacognitive strategies in Scientific Enquiry Leiag. The result
showed that teaching of metacognitive strategiabs dnatronger effect
for low achieving students than for high achievisigidents through

scientific enquiry learning practices.

Choube (2009)studied the influence of constructivist approach
on problem solving and metacognitive skills of sce students at
secondary level. Using reflective skills and metattive skills
students define, plan and self monitor their thagkiduring problem
solving. Findings showed that constructivist apploanhanced the
metacognitive skills of students in science throuygbblem solving

approaches.

Young and Fry (2008) made a study to use Metacognitive
Awareness Inventory to measure how much it is edlab academic
achievement of the college students. It was a lative study between
end of course grades, cumulative GPA and MAI. Tioemd that there

was a significant difference between graduate andergraduate
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students on the regulation of cognition but not kmowledge of

cognition.

Nair, (2014) made a study on the impact of various learning
styles and metacognition upon the methods of tegckspecially in
secondary school students. Tools used were a guoeaire related to
teaching and learning styles. Study took a samip&900 students of all
type of schools. Findings showed that thought piiomgdearning styles

and metacognition, influenced students positively.

Shabaya(2005) conducted a study on the role of service teachers
in developing metacognitive Awareness strategielamguage and arts
writing .It was a qualitative study to assess depelent of
metacognitive awareness strategies among high scBimalent samples
taken are pre service teachers and high schooémstsidStudy revealed
the following results. (1) Student’'s self perceptiachanges as writers
(2) Development of metacognitive awareness (3) Reweent of
metacognitive awareness is different in differetudsnts. (4) Four

different writing approaches yield effective wrgimstruction.
Conclusion

Since the inception of educational taxonomies, otei
researchers have attempted to gain a better uaddmsy of the
educational objectives and how it can best contgibto teacher
preparation. The value of using educational taxaeemin the
development of science related learning outcomesngnsecondary
school students represents a tool for planning,ldmpnting and
assessing instruction. Educational taxonomy previglducators with a
common frame of reference that classifies variogsed of learning
outcomes. As the studies conducted under RevisednBs Taxonomy
and Mc Cormack and Yager's taxonomy are very fev ittvestigator

could not include much reviews in that area. Thalizations that

83



Review of Related Letenatune

emerged from thorough analysis of the researclevwes/set the stage for
framing the present study of its kind and for depelg strategies for
promoting attainment of science related learningg@mes through the
adoption of a proper educational taxonomy amongrsgary school

students.
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Scientific method of collecting data and analydishat data for
getting the accurate results determine the quafiesearch. Research
methodology contains systematic procedures througbh a researcher
leads from identification of the problem to thedliconclusion. The role
of methodology is to carry on the research work sctientific and valid
manner. This is a carefully planned quantitativeseegch using
experimental method.

The present study entitled ‘Effectiveness of anrutsion based
on SOLO Taxonomy, Bloom's Taxonomy and Mc Cormaatkd a
Yager's Taxonomy on certain learning outcomes abrdary school
students, attempts to study influence of three peddent variable on
three dependent variables, Scientific attitudeg®dic Creativity and
Metacognitive Awareness of secondary school stsdenthe
methodology followed for the study is described emthe following

major headings.

Design of the study
Variables of the study
Tools used for data collection
Sample selected for the study
Data collection procedure
Scoring and consolidation of data

Statistical Techniques used
Design of the study

Research design is a conceptual framework withinichivh
research could be conducted. As the main purposheoftudy is to
compare the effectiveness of an instruction base@©LO taxonomy,

Bloom’s Taxonomy and Mc Cormack and Yager's taxopan certain
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learning outcomes of secondary school studentsecdll , experimental

method was adopted for the study.

Experimental method is used in settings where blatadefining
one or more causes can be manipulated in a systefasihion in order
to discern effects on other variables. “Experimemtethod is the
description and the analysis of what will be or whall occur under
carefully controlled conditions” (Best, 2009). Istablishes a logical

association between manipulated facts and obseffeds.

For the present study, the researcher used a @xpsrimental
Research Design and in it, the Pre-test Post-testBguivalent Groups
Design is chosen. This design is often used insote@sn experiments;
when experimental groups are such naturally archmggeups as intact
classes. In this design, the investigator has tersgeerimental groups;
Experimental Group | taught through SOLO Taxonoiayperimental
Group I, taught through Revised Bloom’s Taxonoiygd Experimental
Group Il taught through Mc Cormack and Yager's diaamy. After
giving pre tests to all three groups, experimentaatment is
administered to three groups and then followed logt Rests. The
difference between pre test and post tests scoeesompared with the
help of appropriate statistical techniques to daagerthe effect of the

independent variables.
Variables of the Study

The present study is designed to assess the gHnets of
instruction based on SOLO taxonomy, Revised Bloowa®nomy and
Mc Cormack and Yager's taxonomy on three learningcames,
Scientific Attitude, Scientific creativity and Metagnitive Awareness of
secondary school students. The independent vasiadohel dependent

variables selected for the study are the following:
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Independent variables

Instructional procedure was taken as the indepdndamable,

with the following levels of treatment.

a) SOLO taxonomy
b) Revised Bloom’s Taxonomy

c) Mc Cormack and Yager's Taxonomy
Dependent Variables

1. Scientific attitude
2. Scientific creativity

3. Metacognitive Awareness
Control Variable

1. Previous achievement

2. General Intelligence
Tools used for data collection

Investigator used the following tools for collegidata for the

study.

1. Raven’s standard progressive matrices for testimg general
intelligence of secondary school students.

2. Scientific Attitude Test for testing the scientifiattitude of
Secondary School Students (Meera and Revati,2016)

3. Scientific Creativity Test for testing the SciemifCreativity of
Secondary School Students (Weiping Hu & Philip Ad&302 )

4. Metacognitive Awareness Inventory for testing thetdtognitive
Awareness of Secondary School Students (Meera andtFiR2016)

5. Lesson transcripts based on SOLO Taxonomy for tegdtience

lessons of VIII standard (Meera and Revati,2016)
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6. Lesson transcripts based on Revised Bloom’s Taxgndon
teaching science lessons of VIII standard (MeethRevati,2016)

7. Lesson transcripts based on Mc Cormack and Yades®nomy
for teaching science lessons of VIII standard (Meend
Revati,2016)

Description of Tools

Selection of appropriate tools is very essential doy type of
study. The tools used should be reliable and vatd then only the
study will give accurate measurement of the vaesblunder
investigation. The details regarding the tools usedhe study are given

below
Raven’s Standard Progressive Matrices

Raven’s Standard Progressive Matrices is a widagdunon
verbal intelligence test. It measures a personilgyato form perceptual
relations and to reason by analogy, independergukegre and formal
schooling, and may be used with persons rangiragefrom six years
to adult. The Standard Progressive Matrices wagjuaed to find out
two complimentary components of general intelligenthe educative
ability and reproduction ability. Educative ability the ability to think
clearly and make sense of complex data and reptivduability is the

ability to store and reproduce information.

Raven’s Standard Progressive Matrices consistsoof verbal
multiple choice tests of abstract reasoning. Ieass person’s capacity
to observe meaningless figures, see the relatiomela® them, imagine
the nature of the figure completing each systemredétions, thus
developing a systematic method of reasoning. Tluie werbal test
consists of 60 items arranged in five sets (A, BDGnd E) of 12 items

each. The person taking the test has to selecirtbehat most logically
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fits the missing part from the six or eight optigmevided. Each set of
figure is presented with a principle or theme, blyick the child can
obtain the missing piece. Within each set, itenesaaranged in the order
of increasing difficulty. Maximum score is 60 andoee of a person
taking the test is the total number of item ansd@@rectly. The total
score obtained by a student is considered as theVgdoal Intelligence

Score.

According to Raven, validity estimated varied frds0 to .80 and
the reliability coefficients of the test varied 1io.80 to .90. In the
present study, internal consistency of the test wakblished by
calculating Cronbach’s alpha and the obtained alfp=100) for the
total test is .81. The calculated alpha for thie tmsts ABCD and E are
.87,.85,.83,.82 and .76 respectively. It is a bddiaand valid tool, well

established to measure Non Verbal Intelligence.
Scientific Attitude Scale

According to Vaidya (1971) “Scientific attitude i@ set of
emotionally toned ideas about science and scientifethods, and is
directly or indirectly related to a course of antio Scientific attitude
scale is a tool aimed to assess the range of sciemtelated attitudes
among students. Science teaching should aim atlajemg scientific
attitude common to scientists than following a jgatar method. While
children practice and observe science they feel dawlop different
components of scientific attitude. Students whoehpuesitive attitude
towards science, show increased attention tordassinstruction and
participate more in science related activities (@mrn, 1988, Jarvis &
Pell, 2004). Comte (1830) had identified scienté#ititude as the highest
level of intellectual insight. To measure sciewtifittitude of secondary

school students, investigator decided to adminiatscientific attitude
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scale. For that, the investigator prepared a Stieattitude Scale .The

scale was prepared by following Likert method and five point scale.
Preparation of the items

The first step followed in the tool preparation wése
identification of the areas which can interpret fugentific attitude of
secondary school students. A five point Likert typeale on Scientific
Attitude was prepared for obtaining data from seeoyp school
students. As a preliminary step , the item fordhegt attitude scale was
prepared after a thorough review of relevant litea and also with the
advice of experts in the field of science and regeaAfter discussion
with the experts in the field of science educafi@statements of both
negative and positive were prepared and it wasgive@nother group of
experts for criticism and suggestions. As per thggsestions received,
some of the statements were deleted and othersmaatdied. Thus the
edited draft consists of 64 items. These 64 iterasaaranged randomly.
Sufficient space is provided against statementglbering the response

in the scale itself.

The first part consists of general information reljag the
secondary school students, such as Name of thergtudame of the
school, Class number and Standard with divisiorcdssary instructions

were given to help the respondents in filling thals.

The second part of the scale deals with statementsst the
Scientific Attitude of secondary school studenthisTpart includes
Scientific Attitude of secondary school studentsvaods various
dimensions like, Rationality, Curiosity, Open-middess, Aversion to
Superstition, Objectivity of Intellectual belief @n Suspended
judgement. Description of the data collected unterse heads is
detailed below.

90



Rationality

Children having Scientific Attitude is critical nded in their
behaviour. They look for consistency and challentges validity of
statements and consults number of authorities eef@aching a
conclusion. A total of 7 statements are incorpatateder this head.

Among these 2 were negative and 5 were positive.

Example: It is often said that science can provide answers to anything

we want to know.
Curiosity

Curiosity is one of the fundamental attitude tleatscience
student should posses. Every individual has an uaogd&now and
understand the natural world. This urge of a stutiestudy how things
in the natural world works, why and what factorseef it etc. are
coming under this. Under this dimension 18 statémerere prepared

out of which, 15 are positive statements and Jagative statements.

Example: | would like to find clarifications wherever | feel doubts about

scientific facts.
Open mindedness

This characteristic of scientific attitude cons&lseveral possible
alternatives when investigating a problem and aw@rsi and evaluates
ideas presented by others. An open minded personnuadify and
discard hypotheses if necessary. There are 9 statsmander this head.

Of these 4 are negative and five are positive

Examp: | always like to appreciate the hard work and dedication of

scientists.
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Aversion to superstition

An individual having Scientific attitude will alway prefer
experimental evidence and scientific explanatioa.réjects superstition
and accepts science paradigms out of an appreatifdiothe power of
reality based knowledge. There are 13 statemertsruhis dimension

.Among them one is positive and all others are tnegatatements.
Example: | believe in superstitions which my parents follow.
Objectivity of intellectual beliefs

Displaying intellectual honesty in all works is or#d the
components of Scientific Attitude. A person wheriggaged in scientific
investigation reports all evidences even when ntiamlicts with the
hypothesis formulated and acknowledges the wor&tloérs. There are
10 statements under this head, of which 4 are ivegaind six are

positive.

Example: | will change my opinion about a scientific fact on the basis of

sufficient evidence.
Suspended judgment

This is another component of scientific attitudeakihrecognizes
the restricted nature of evidence and concept. isqoe having this
nature will never become hurry to form an opinianaogiven issue until
he had investigated in it, because it is very ciffi to give up an
opinion already formed. This strategy makes onéniw more facts or
evidence to support the opinions. Under this comepbrof Scientific
Attitude, 7 statements were included in the soaleere 2 among them

are negative and five among them are positive.

Example: It isgood to go for clarification before approving an idea.
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Component wise distribution of the draft scalprissented below.

Table 1

Component wise distribution of the Items in the draft scale on Scientific
Attitude of Secondary school students

SI No. Components Item numbers
1 Rationality 1, 2,29, 34, 36, 52, 64
5,7,10,12, 14, 16, 21, 26, 30,
2 Curiosity 38,
41, 48, 49, 56, 59, 60, 61
Open mindedness 13, 24, 37, 43, 45, 47, 54,865, 5

Aversion to Superstition 3,8,9,15,17,22,27,28342,44
Objectivity of Intellectual

5 _ 4,6,18,23,32,39,46,51,53,62
beliefs

6 Suspended judgment 19, 20, 25, 35, 50, 57

Try out of the Tool

The draft scale of scientific Attitude was triegt @n a sample of
150 secondary school students. The investigatdacted the Principals
of two Secondary Schools for getting permissiortdtiect data. After
obtaining permission from the Principals, the StfenAttitude Scale

was administered to Secondary School Students.

Each of the statement in the Scientific Attitudal8aexpresses a
feeling which a particular people have towardsrsme Students have to
express the extent of agreement between the feekpgessed in each
statement and their own feeling on a five poinlescéhey have to put a
tick mark (¢ ) against columns of each statement and your owimfg
A time of one hour was allotted for completing test .The five points
are strongly agree, agree, undecided, disagreestamgly agree. The
sheets were scored using the scoring scheme. Ebrpssitive item, a
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score of ‘5’ was given to the response ‘Stronglyéy, a score of ‘4’
was given to the response ‘Agree’, a score of ‘@iswgiven to the
response of ‘Undecided’, a score of ‘2’ was giventhe response
‘Disagree’ and a score of ‘1’ was given to the mesge ‘Strongly
Disagree’. Reverse scoring procedure was adopteddgative items.
The scores of individual items were summed to ¢otal scores for the

try out session.
Item Analysis

For the finalisation of the Scientific Attitude 3eaitem analysis
was done. The procedure suggested by Edwards (18& )ollowed.
The scored response sheets were arranged in tbendiésg order on the
basis of scores obtained. Then the subjects hakim¢op 27% and low
27% scores were taken as high and low group respbctlitems were

selected by finding out the ‘t’ value of each sta¢at.

Then the numerical values of mean responses to i were
calculated the critical ratio ‘t’ using the formuadwards, 1957, p.153).

t= Xu-XL
JE(XH —X j )2 +EX K )2
N(N—1)

Where,
Xy = Mean score for the given students of higher grou
X, = Mean score for the given students of lower group
Xy = Score of an individual for a given statementiigher group
X = Score of an individual for a given statemeribiver group
N = Number of students in criterion group
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Table 2

The ‘t’ value of the data obtained from Iltem Anadys

Item No | tvalue Item | Item No t value ltem
selected selected
3 3.261* | Accepted 35 1.656 Rejected
4 1.398| Rejected 36 4.655*  Accepted
5 4.382* | Accepted 37 3.307fF Accepted
6 446 | Rejected] 38 2.74F  Accepted
7 4.560* | Accepted 39 972 Rejected
8 5.799| Accepted 40 5.821*  Accepted
9 3.512* | Accepted 41 3.518* Accepted
10 5.083*| Accepted 42 1.878 Rejected
11 562 | Rejected 43 1.581 Rejected
12 3.161* | Accepted 44 3.396F Accepted
13 3.965*| Accepted 45 1.336 Rejected
14 4.321* | Accepted 46 3.039* Accepted
15 3.185* | Accepted 47 2.672* Accepted
16 4.132*| Accepted 48 2.763* Accepted
17 1.518| Rejected 49 2.377* Accepted
18 .851| Rejected 50 2.018* Accepted
19 .182| Rejected 51 2.546* Accepted
20 6.209* | Accepted 52 3.453* | Accepted
21 2.365* | Accepted 53 596 | Rejected
22 3.427*| Accepted 54 .838| Rejected
23 4.762* | Accepted 55 2.452* | Accepted
24 5.107*| Accepted 56 2.500* | Accepted
25 2.216*| Accepted 57 1.357| Rejected
26 3.166* | Accepted 58 2.500* | Accepted
27 1.482| Rejected 59 3.606* Accepted
28 406| Rejected 60 2.449*  Accepted
29 1.728| Rejected 61 2.691* Accepted
30 5.091* | Accepted 62 1.077 Rejected
31 3.998*| Accepted 63 1.996" Accepted
32 .238| Rejected 64 1.154 Rejected
33 4.344* | Accepted
34 .952| Rejected

*indicates items selected for the final scale.
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There were 64 statements in the draft scale oren8c
Attitude. According to Edwards (1957) statementthwi' value equal
to or greater than 1.96 at 0.05 level can be salle@o the investigator
selected 41 statements in the final scale andteg]&23 statements. Thus
the final scale on Scientific Attitude consisted4df statements. Positive
statements include 1, 5, 10, 12, 14, 16, 25, 2633038, 46, 47, 48, 49,
50, 51, 52, 55, 56, 58, 59, 60, 61, 63 and negaiatements include 3,
7,9, 13, 15, 20, 21, 22, 23, 24, 31, 33, 3644044. The final copy of
Malayalam and English versions of the ScientifiditAtle scale was
attached in the Appendix Il A and Il B.

Reliability

Reliability refers to the extent to which the respes or
behaviour made by individuals are consistent acitess, settings,
raters or time. In the present study, the religbivas found using test
retest method. For this purpose the Scientifictédie was administered
twice with a time interval of 15 days to a samplel@0 children. The
reliability coefficient for Scientific Attitude walund to be 0.78.

Validity

For establishing content validity, the investigatdefined the
construct, then identified the domains of the cacst and developed a
pool of items. The content validity shows the adexyuof the content of
the test. This form of validity is estimated by kensing the relevance of
the test item individually and as a whole. The #eim the scales are
based on the review of related literature and dloéstalready available,
also the logical examination of statements . Thend of this tool are
based on the Scientific Attitude under 6 major comgnts. After
careful examination of the items, some statememise vwnodified, and
are subjected to expert item analysis. Their suggeshave been taken

into account to enhance the content and qualifyeafs. In view of the
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changes made in the language, content coveragmandt of the items,

it can be said that, the scale used for the stagycbntent validity.

Face validity is the term used to characterise neserials that
appear to measure what the test desires to measdrappears to those
it is meant, to experts, examiners, educationiststae like ie, the test
items should be related to the variable that isdp@neasured. It is clear
that, all the items in the respective tool meadtee specific variable
under study ie, Scientific Attitude. The investigag¢stablished construct
validity by correlating the scores obtained by Bd@dents in Scientific
Attitude Scale prepared by the investigator witlotaer standardised
Scientific Attitude scale having the same test eont Then the
coefficient of correlation between two scores wasnfd out to be 0.79
which indicated that the scientific attitude scalade by the investigator

has construct validity.
Scientific Creativity Test

Scientific Creativity is an intellectual trait obidity for producing
a product or an idea which is original and has geabkor social value,
designed with a purpose in mind, using given infation. In the present
study for measuring the Scientific Creativity ofceedary school
students, the investigator adopted Scientific @riya Test developed
by Weiping Hu and Philip Adey (2002). There are gnaests available
for testing Scientific Creativity, but majority ofhe tests demand
awareness about a vast area of scientific knowlesig they cannot be
used for testing among secondary school studentsevknowledge is
limited. Scientific creativity Test by Weiping Huna Philip Adey was
proved to be one of the best tests available fsting Scientific
Creativity of all secondary school students ateltéght age in different

cultures.
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Description of the test

The test is meant for group administration. Theeesgven items
to which students have to give their responseseTatiotted for the test
is one hour. At the first part of the test therenstruction for the pupil
on how to approach the seven tasks. The investigate@s necessary
directions to students that there are seven diffetasks based on
science to which each student has to explore tneativity for solving
those tasks. Pupils were asked to write their N&Buobpol, and Class on
the answer sheets before beginning the test. leonsitl to 4 one
example is given for helping the students for ust#rding what type of
answer is expected from them. Seven items and igdens are given

below.

ltem1
Write down as many as possible uses as you can for a piece of glass.

For example, make a test tube.

This task is about unusual uses; and tests fludheybility and
originality and thinking components of Scientifice@tivity.
ltem 2
If you can take a space ship to travel in the outer space and go to a
planet, what scientific questions do you want to research? List as many
asyou can.

For example, are there any living things on the@ia

This task tests the degree of imagination a scishwgent should
have for making advancements in science. It meassgensitivity
towards science problems. Scores were given tabiflgy, fluency and
originality.
Item 3
Think up as many possible improvements as you can to a bicycle,

making it more interesting, more useful and more beautiful.
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For example, make the tyres reflective so that tteybe seen in
dark.

This task is to measure a student’s ability to iowpra technical
product. Investigator used bicycle here becausgsdfamiliarity with
secondary school students. This item also sconetiuency, flexibility
and originality.
ltem4
Suppose there is no gravity, describe what the world would be like?

For example, human beings would be floating.

This task measure a student’s scientific imagimatibhis also
measures fluency, flexibility and originality.
ltem 5
Use as many possible methods as you can to divide a square into four
equal pieces of same shape. Draw it on the answer sheet.

This task measures creative science problem sobinigy of a
student. It measures flexibility, originality, tikimg and imagination.
Item 6
There are two different kinds of cloths. How can you test which is
better?

Write down as many possible methods as you can thad
instruments, principles and procedures.

Creative experimental ability is measured by traskt Pupil
becomes engaged in creative scientific activitysdbres flexibility,
originality and thinking.
ltem 7
Design an apple picking machine. Draw a picture and point out the
name and function of the parts.

This task measures a student’s ability to desigreative science
product. Scores were given to flexibility, origitgl thinking and

imagination.
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Scoring Procedure

According to Weiping and Adey (2002) scoring prooed of
items 1 to 4 is the sum of the fluency, flexibiléynd originality score.
Flexibility is the approaches or areas used inah&wer, fluency is the
separate responses given, and originality is tlemuency of the
responses. If the probability of the response iallemthan 5%; 2 points,
if between 5 to 10 % 1 point, and if it is great®ean 10% ,0 point. For
task 5 the investigator tabulates all the answadstasts its originality
value. If the probability is less than 5% it getpdnts, if it is from 5 to
10;2 points, and if it is more than 10% 1 poinénit six scores both
flexibility and originality. Flexibility scores mamum 9 points; 3 points
each for instruments, principle and procedure.deoring originality; if
the occurrence of the method is less than 5%;4tpaqinit is between 5
to 10% it gets 2 points and if the probability ieater than 10 % ;0
point. For scoring task seven, each machine fundets 3 points, and
for originality, a score of 1 to 5 based on therallampression of the
script.
Validity and reliability of the Tool

The test manual provides evidence of the validitycbnducting
tests for two aspects of validity, construct validand face validity.
According to Guiford (1956), first step of validag Creativity test
should be finding out factorial validity, a form a@bnstruct validity.
Factorial validity is determined by factor analysistest scores. The
results showed that the test has good construcitecel validity
considering one factor Scientific Creativity. Foetekrmining face
validity, tool was given to experts and researchershe field of
education .The results showed a high degree ofvialodity.

According to the test manual, reliability of thesttewas
investigated by two methods. Pearson’s Product Btdncorrelation
was calculated between each item and between ¢ewch and total

score. Calculations showed that, correlations betwigems vary from
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moderate .345 to high, 729. Correlations betweemstand total score
vary from .654 to .829, which is high, and theseefficients are
significant at 0.01 level. Another method to tediability is to calculate
Cronbach Alpha Coefficient of internal consistentiie alpha value got
from scores of 160 secondary school students i8 \W@8ich is very
satisfactory for a test with only seven items.

The investigator established the reliability of ttest for the
present study by using test retest method and raataa reliability
coefficient 0.731. The test has been revalidatedingg B. Mehdi's
Verbal Test of Scientific Creative thinking, prepdrby Dr. U.P.
Sharma and Dr. J. P. Shukla (2005) as an exterii@tion on a sample
of 50 students of VIl standard. There are sevdfemint tasks in the
test which have to be answered in 60 minutes. Oodemof answers
was provided after each question to clarify theden of responses
expected from the students and are asked to rasgehiands for clearing
doubts. Students should write their class, namd,sax in the answer
sheets. The obtained correlation coefficient wds .0Since the test has
proved to possess sufficient validity and relidijliit is suitable for
assessing Scientific Creativity of Secondary sctatotlents. Scientific
Creativity Test in English and Malayalam versione presented as
appendix Il A and Il B

Metacognitive Awareness Inventory

For measuring the metacognitive awareness of secprsthool
students, a metacognitive awareness inventory vemstmicted and
standardised by the investigator. Metacognitionaisvord denoting
awareness of one’s own thoughts. It enables aestutb become a
successful learner and is associated with inteltge Metacognition is
a higher order thinking skill involving active coot on cognitive
process while learning occurs. It is the “thinkiagpout thinking”

helping learners in learning how to learn. Metacthgm practices
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enhance student abilities to apply their learnmgew contexts (Brown
1987). Metacognition helps students to recognizar tstrength and
weakness in every field of their life. This knoddge will help them to
expand the extent of their ability. According tcaBsford (2000) “those
who know, strength and weakness in their areashailmore likely to
actively monitor their learning strategies and tgses and assess their

readiness for particular tasks and performances”.
Components of Metacognition

Metacognition is classified into three componenistacognitive
knowledge or metacognitive awareness, metacogniegeilation and
metacognitive experiences. Description of each aapt and example

of items included under each component are givéanbe
Metacognitive knowledge or metacognitive awareness

Metacognitive knowledge is what individuals know oab
themselves and others as cognitive processorss. divided in to three
categories; knowledge of person variables, taskabbs and strategy
variables. Flavell stated that all these varialbesrlap and combine
when an individual works. Result of that work isedo the interactions
of the various variables and metacognitive knowdedgailable at that

particular time. Metacognitive awareness is oféhygpes.
Declarative knowledge

It is also known as world knowledge or factual kitedge. It is
the knowledge about the factors which can influemoe's own learning
or performance. This category includes knowledgeuaimne’s skills,
intellectual resources and abilities as a learnupil acquires
knowledge through presentations, demonstrations disgussions.

Under this component, there are 9 statements.
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Example: | know which information should get more importance during

the learning process
Procedural knowledge

It is the knowledge about how to do something. One who
possesses a clear procedural knowledge can perfibien tasks
automatically. This is done by effective use ofimas strategies. This
involves abilities like identifying the task, chéeg the progress of task,
evaluating, predicting the outcome, allocating oé's own resources
for the task , determination of order or sequerafeactivities for the

completion of task etc. This head includes 7 statgmin the inventory.

Example: According to the nature of the content, | use different learning
methods

Conditional knowledge:

It is the knowledge about when and why to use datilee and
procedural knowledge. This knowledge helps the esitgl to use
strategies more effectively. This allows maximutiiaation of their
resources for learning. There are 8 statementseirs¢ale under this sub

component.
Example: | learn best when | have familiarity with the topic
Metacognitive regulation

This is the second component of metacognitionrefiers to the
monitoring and control of one’s cognitive processrigy learning
(Nelson & Narens, 1994). Through this one can legguone’s own
cognition and experiences related to learning thinowprescribed
activities. This includes activities like; oversiearning, planning and
monitoring activities related to cognition, monitay the outcomes etc.

The sub components coming under metacognitive aggul is
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planning, information management strategies, cohgnsion

monitoring, de bugging strategies and evaluation.
Planning

This involves cognitive activities done prior teatning like,
planning, goal setting, collecting resources etwer€ are 9 statements

under this sub component.

Example: | always internalise an idea of what | have to learn before |

start my learning
Information management strategies

This involves effective sequencing and processing o
information, which is a key element of metacogmti®ome activities
are organising, elaborating, summarising and sekdbcussing. 14

statements are included under this category ofsuponent.

Example: | know which information should get more importance

during the learning process.
Comprehension Monitoring

It is self evaluation or assessment of one’s ovamlieg or use of
a particular strategy. 7 statements are includethéninventory under

this subcomponent.

Example: | periodically review important topics for better

under standing.
Debugging Strategies

This is the diagnosis and remediation of one’s ®tvategy use.
This is used to correct comprehension and perfoceamrors. 7 items

were incorporated under this subcomponent
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Example: | often use certain memory tricks to remember points which

are difficult to memorise
Evaluation:

This is the evaluation of performance and strateggd, after a
learning episode. 8 items are included in the itmgnunder this sub

component.

Example: | always try to find out the reason behind my failures, so that |
can improve next time by rectifying it.
Table 4.3

Component wise distribution of the Items in the draft inventory on
Metacognitive Awareness of Secondary school students

Components of

. Sub Components Item Numbers
Metacognition

Procedural 2,4,9,18,19,20,25,31,40
Metacognitive Knowledge
Knowledge Declarative 3.16.46.48.54.55.60

Knowledge

Conditional 17,26,27,28,41,47,53,69

Knowledge

Planning 5,8,10,12,22,42,57,61,67

Information 1,13,14,15,29,30,33,35,37,
Metacognitive Management 52,56,62,63,68
Regulation Strategies

Comprehension 6,21,34,38,43,49,59

Monitoring

Debugging 24,36,44,45,50,65,66

Strategies

Try out of the Tool

The draft inventory of Metacognitive Awareness wasd out on
a sample of 150 secondary school students. Thestigaor contacted
the Principals of two Secondary Schools for gettpgymission to

collect data. After obtaining permission from therinBipals,
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Metacognitive Awareness Inventory was administetedSecondary
School Students.

Each statement in the inventory expresses stisdamwareness
about their learning process. Students have toeszpthe extent of
agreement between the feeling expressed in theniome and their
own feeling by putting a tick mark on a five pogdale. The five points
are, always, very often , sometimes, rarely ancened0 minutes was
allotted to students for completing the test. Eheets were scored
using the scoring scheme 5 for always, 4 for veftero, 3 for
sometimes, 2 for rarely, 1 for never. Reverse sgoprocedure was
adopted for negative items. The scores of indiMideans were summed
up to give total scores for the try out session.

Finalisation of the Tool

For the finalisation of the Metacognitive Awarendssgentory,
item analysis was done. The procedure suggesteddiaards (1957)
was followed. The scored response sheets were gagann the
descending order on the basis of scores obtainkdn The subjects
having the top 27% and low 27% scores were takehigts and low
group respectively. Iltems were selected by findiog the't’ value of
each statement.

Then the numerical values of mean responses toitan were

calculated the critical ratio ‘t’ using the formuadwards, 1957, p.153).

t= Xu—Xy
\/Z(XH —X g )2 +IXp—X )?
N(N—1)

Where,
Xy = Mean score for the given students of higher grou
X, = Mean score for the given students of lower group
Xy = Score of an individual for a given statementigher group
X, = Score of an individual for a given statemenbiner group
N = Number of students in criterion group
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Table 4.4
The t value of the data obtained from Item Analysis

Sl .No t Value Sl .No t Value

1 *3.649 | Accepted 36 *3.889 Accepted
2 *4,228 | Accepted 37 *3.606 Accepted
3 .679| Rejected 38 *4.508 Accepted
4 *2.848 | Accepted| 39 *6.629 Accepted
5 *4,271 | Acceptedl 40 *5.209 Accepted
6 *2.003 | Accepted 41 *4,526 Accepted
7 *4.837 | Accepted 42 *2.656 Accepted
8 *3.723 | Accepted 43 *4.075 Accepted
9 *3.049 | Accepted 44 *5.380 Accepted
10 *4,122 | Accepted 45 *5.330 Accepted
11 *2.563 | Accepted 46 *4.438 Accepted
12 *4,460 | Accepted a7 *4,997  Accepted
13 *3.889 | Accepted 48 *3.812 Accepted
14 *4.253 | Accepted 49 *3.349 Accepted
15 *4.270 | Accepted 50 *4.687 Accepted
16 *5.498 | Accepted 51 *5.589 Accepted
17 *3.530| Accepted 52 *3.937 Accepted
18 *4.347 | Accepted 53 *5.021 Accepted
19 *4,544 | Accepted 54 *4,968 Accepted
20 *2.206 | Accepted 55 *3.965 Accepted
21 *5.370 | Accepted 56 *4.352  Accepted
22 *3.889 | Accepted 57 *2.714  Accepted
23 *4,191 | Accepted 58 *5.586 Accepted
24 *2.050 | Accepted 59 *3.268 Accepted
25 242 | Rejected 60 *7.182 Accepted
26 *5.035| Accepted 61 *4,298 Accepted
27 *3.519 | Accepted 62 *3.50FY Accepted
28 *4.350 | Accepted 63 *6.862 Accepted
29 *3.623 | Accepted 64 1.339 Rejected
30 *4,960 | Accepted 65 *4,.326 Accepted
31 *4.737 | Accepted 66 *3.674 Accepted
32 *5.353 | Accepted 67 *2.598 Accepted
33 *5.455 | Accepted 68 *3.709 Accepted
34 *5.089 | Accepted 69 *4, 721  Accepted
35 *6.099 | Accepted

*indicates items selected for the final scale.

107



Wethodology

There were 69 statements in the draft scale on ddgtative
Awareness. According to Edwards (1957) statemeittstiwalue equal
to or greater than 1.96 at 0.05 level can be salle@o the investigator
selected 66 statements in the final scale andtegle® statements. Thus
the final inventory on Metacognitive Awareness dstesl of 66
statements. All the statements were positive. Tihal fcopy of the
Malayalam and English versions of Metacognitive Aeveess Inventory

was attached in the Appendix V A and V B respetyjive
Reliability

Reliability refers to the extent to which the respes or
behaviour made by individuals are consistent acrwsss, settings,
raters or time. In the present study, the religbias found using test-
retest method. For this purpose, the MetacognAmereness Inventory
was administered twice with a time interval of 1&ysl to a sample of
100 children. The reliability coefficient for metagnitive awareness

was found to be 0.76.
Validity

For establishing content validity, the investigatdefined the
construct, then identified the domains of the cacst and developed a
pool of items. The content validity shows the adexyuof the content of
the test. This form of validity is estimated by kensing the relevance of
the test item individually and as a whole. The geim the inventory
were based on the review of related literature #rel tools already
available, also the logical examination of statetmernThe items of this
tool were based on the Metacognitive Awareness mumge major
components, and eight sub components..After caes@inination of the
items, some statements were modified, and are celj¢o expert item
analysis. Their suggestions have been taken irdouat to enhance the

content and quality of items. In view of the chamgeade in the
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language, content coverage and format of the iténtgn be said that,

the inventory used for the study has content uglidi

Face validity is the term used to characterise riegerials that
appear to measure what the test desires to measdrappears to those
it is meant, to experts, examiners educationiststhr like ie, the test
items should be related to the variable that isdp@neasured. It is clear
that, all the items in the respective tool meagtee specific variable
under study ie, Metacognitive Awareness. The ingagir established
construct validity by correlating the scores obedirby 100 students in
Metacognitive Awareness Inventory prepared by thesstigator with
another standardised Metacognitive Awareness lovgnhaving the
same test content. Then the coefficient of con@latbetween two
scores were found out to be 0.77 which indicatadl tiie Metacognitive

Awareness Inventory made by the investigator hastcoct validity.
Lesson transcripts based on SOLO Taxonomy

Lesson transcripts based on SOLO Taxonomy was yreday
the investigator in consultation with the subjegperts from various
Universities of Kerala, DIET and SCERT. The topwsre selected
from the VIII Standard Science Text book followikgrala Syllabus.
The units selected for preparing the lesson trgptscwere, ‘Let's

regain our fields’ and ‘Why classification’.

From the unit ‘Let's Regain Our Fields’ seventeerssbn
transcripts were prepared based on the topics-Bafety and Crises in
Agriculture, Crises in Agricultural Sector, Fertgeil the basis of food
security, Microbes that provide fertilizers, Peshitrol, Integrated pest
management, Waste management and sustainablelageclivestock
management, poultry farming and sericulture, Pugtice, floriculture
and apiculture, Cuniculture, mushroom culture andrtitulture,

Medicinal plant cultivation ,Polyhouse farming aprecision farming,
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Cultivation without soil, Native varieties for tomiow, Supporting

organisations ,Possibilities to overcome criseagnculture.

From the unit ‘Why classification’, seven lessorarnd were
prepared based on the topics — Criteria for clgsgjf organisms,
Taxonomy and taxonomic keys, Contributions of sis¢ésin the history
of taxonomy, Taxonomic hierarchy, Binomial Nomemgaia, Five

Kingdom classification, Modern trends in taxonomy.

Thus overall twenty four lesson transcripts basedhoee units
were prepared based on the five levels of SOLO fiamty. The format

of the lesson transcripts based on SOLO Taxonomgiven below.

General Information

Content overview

Content Analysis

Learning outcome levels of SOLO Taxonomy
Learning strategies

Pre requisites

Learning Materials

Class room procedures

© © N o a0 B~ W DdPRE

Follow up activities.
1. General Information
General information includes, Name of the teacheame of the
school, Standard, Subject, Unit, Name of the legton
2. Content overview
Content overview explains the topics and subtojpi¢ke lesson.
3. Content Analysis
Content Analysis covers terms, facts and conceptse lesson.
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4. Learning outcome levels of SOLO Taxonomy
Pre structural

In this level students understanding, or existimpwledge is
limited or nonexistent, or the task is approachrednfa different angle.
Students before beginning to learn a particulacephmay not have an
idea of the concept. Sometimes they have a vagweaarg idea of the
learning material. When teacher introduces the olgsgsests pre
requisites needed to learn the lesson .Thus dutiegintroduction
teacher makes students aware about the idea they, ladout the
concept and parts of knowledge they should acdqaireake the concept
clear. This strategy helps them to become intermalbtivated to learn
the particular lesson themselves.
Uni-structural

In this level students might know one key piecekonbwledge
but they are unable to connect it to anything atsthis level. This is
also a beginning stage of learning where a stukeatvs single fact
related to the concept. He is not aware or cleautbther facts of the
concept.
Multi-structural

At this level, students can show an understandirsgweeral piece
of knowledge, but they don’t know how to connedrthtogether. They
gain knowledge associated to the concept by sewetadities but don’t
know how to organise these related concepts. Duhisgstage the bits
of knowledge commonly considered as facts of a ephare collected

by the students.
Relational

At this level, student’s understanding of the salvelements is
strong and they can make connections between tBéumdents attain

more understanding of the concept. They become evddr the
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relationship between several pieces of knowledge lsecome able to
connect those elements in a logical sequence. i8tstage they can

skilfully explain the concept.
Extended Abstract

Now students can apply their learning in new cxist@and can
visualize it as part of a greater whole. At thisgst after dedicated hard
work students master abstract concepts and reddtijps to formulate
more generalised principles and to apply these rgtaleding to new
situations. This level is considered as the higles&l of learning.

An example showing how to plan a lesson based ohC50O
taxonomy is given below. Topic selected is ‘Footesaand crises in
Agriculture’.

The investigator introduces the lesson by sensgizihe
condition of agriculture near their home. Througbadher pupil
interactive sessions teacher stresses the nedtetisit agriculture and
moves to the topic Food safety and Agriculture.ti®¢ pre structural
level students are unaware of food security argtisas to solve food
scarcity related problems. At uni structural letehcher shows some
pictures related to severity of food scarcity. Aultnstructural level
teacher shows a paper cutting describing food #ggcoitl passed by
Loksabha. At relational level students forms a mgén for food
security and at extended abstract level childreyyssts certain ways for
ensuring food security in our country.

As mentioned above students passes from known koown
through the different stages of SOLO Taxonomy invedi@ping
knowledge about the relationship between area oftivation,
production of rice and population growth in diffetgears. For that, the
investigator displays a chart showing relationdiepveen area available
for cultivation, production of rice and populatioate in Kerala in
different years. From that chart, students develomsvledge which is
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at uni structural level; from that students mowvesf uni structural to
multi structural by making inferences from the ¢hdm the relational
stage children discusses the ill effects of foodraty in groups and
reports it in the class. At the extended abstraetll students suggests
some ways to regain fields.

5. Learning Strategies
This section explains various strategies useddresson
6. Pre requisites

Pre requisites means the previous knowledge optim based

on a particular topic
7. Learning Materials

This section explains the learning materials used the

particular lesson, which includes charts, pictaed paper cuttings.
8. Class room transaction

This includes a two column table, in which the tficolumn
contains the process or activity and the seconghmolcontains response

or evaluation.
9. Follow up activity

Follow up activity includes the projects and aseignts given to

the pupils after the successful completion of thdigular topic.

The classes based on SOLO Taxonomy were in suchawdy
enhance Scientific attitude, Scientific creativighd Metacognitive
Awareness among children. Through various actyiged class room
interactions students passes from pre structurtileéextended abstract
level of SOLO taxonomy. The learning is self-diegttand the

investigator provides only necessary guidance udesits. This ensures
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the development of Scientific Attitude, ScientifiCreativity and

Metacognitive awareness among the students.
Validation

The sample lesson transcripts based on SOLO Taxpnoas
prepared by the investigator and was given to égsperSCERT, DIET
and experienced teachers at secondary school. ditfielesson plans
were modified by the investigator based on thelfaed and comments
received from the experts. First five lesson trapss were given for
tryout by the investigator to a class of Vlistandard from NSS Boys
High School Perunna. Then the lesson transcripte wedified and
restructured based on the actual feedback thetigags experienced.
Thus twenty four lesson transcripts were prepamsketh on the SOLO
Taxonomy. Sample lesson transcripts are given psrajices VII A and
VIl B.

Lesson Transcripts Based on Revised Bloom’s taxongm

For teaching Experimental Group Il also, twenty rfdesson
transcripts on the same topics as it is in the SQaxdnomy were
prepared based on Revised Bloom’s Taxonomy. Lesaoscripts were
prepared by the investigator in consultation witle subject experts
from various schools, DIET and SCERT. The formattloé lesson

transcripts based on Revised Bloom’s Taxonomyisrgbelow.
1. General Information

General information include, Name of the teacheami of the

school, Standard, Subject, Unit, Name of the legton

2. Content overview

Content overview explains the topics and subtoipi¢ke lesson.

114



3. Content Analysis
Content Analysis covers terms, facts and conceptse lesson.

4. Learning Domains/Objectives
Remembering

Remembering is recalling and recognizing knowledge
previously learned material from memory. It happeten memory is
used to produce or recollect definitions, facts,lists, or to recite

previously learned information.
Understanding

Understanding or comprehension is creating mearfnogn
different types of written or graphic messages. also includes
constructing meaning from, activities like interfimg, exemplifying,
classifying, summarizing, inferring, comparing okining. It is the

ability of students to grasp or construct meannogif material.

Applying

Applying is the capability of a student to utililmarned material
iIn new and concrete situations. It occurs througteceting and
implementing learned knowledge through productse liknodels,
presentations, interviews or simulations. Developerate, interpret,
demonstrate, illustrate, practice, exhibit, drasetiare some verbs

related to this objective.
Analysing

It is the ability of breaking down the parts of aterial into its
components, for understanding its organizatiormaksire. Through this
process pupil keenly observes how different pdrts @ncept related to
one another, how they are interrelated, and howy jbin to form an

overall structure. Analysis includes mental funetidike differentiating,
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organizing, attributing, categorizing, investigatin experimenting,
scrutinizing etc. Process of analysis can illusttathrough creation of

spread sheets, surveys, charts, diagrams, andigraphesentations.
Evaluating

Evaluating is making of judgements through checkiog
critiquing based on certain criteria and standéods given purpose. To
demonstrate the process of evaluation some prodikes critiques,
recommendations, and reports can be used. It isptkeursor of
creating, the next objective of Revised Bloom’sotaxmy, because one
need to evaluate thoroughly before creating somgthiudge, assess,
compare, evaluate, validate, measure etc are sdntkeoactions in

evaluating.
Creating

Creating is the higher objective of Revised Bloomaxonomy.
Creating means, putting elements together to forfunational whole,
reorganizing elements to a new pattern through rgéing, planning, or
producing. Creating requires students to join ddifeé parts in a new
way and synthesizing a new form or product. Creaisnconsidered as

the most difficult function of the revised taxonomy
Execution of lesson plan

Investigator gives an introduction to the topic i¥&s in the
agricultural sector’ by showing pictures of agriawal lands with
various varieties of crops which are ready for katv Then shows,
pictures of barren agricultural lands. Investigatimects students to note
down the differences between those pictures andusks present

situation of agriculture in Kerala.
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In the next step after recollecting past and pres@oation of
agriculture in Kerala, the investigator shows arcteplaying different
factors affecting agriculture. Investigator exptaeach factor in detail
with the involvement of students. Lastly she disetlie students to
express their ideas to solve the problems. Herdegsts moves from
remembering to understanding and then leads toyisgpllevels of

instructional objectives of Revised Bloom’s Taxonom

Investigator explains what is meant by essentiamehts and
examples of essential elements necessary for giantth .After that
she shows a leguminous root to identify the preseriecnicroorganisms
in it and its effects on soil fertility. Here stude understand effects of
essential elements on plant growth and analysets parleguminous

root.

For teaching pH of the soil, researcher explainatvidrmeant by
pH value and its significance in plant growth. Resbher shows some
pH papers and colours representing pH values. Stsdenderstand
what is meant by pH value and by analysis and sgihthey reaches to

a conclusion on the method of testing pH.
5. Previous knowledge

Pupil need to possess certain previous knowledfdokearning
this topic like present state of agricultural larsajl fertility, factors

causing soil fertility etc.
6. Teaching aids

This section explains learning materials used &aching this

lesson, which includes chart, leguminous root adgapers.
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7. Body of the lesson

For preparing a lesson plan based on Revised Bmom’
Taxonomy investigator prepared a four column legsiam consisting
content column, objectives/specification columrarteng experience
column and evaluation column. At the end of thesdesplan, review

guestions and assignments were given.
Validation

The sample lesson transcripts based on Revised nBoo
Taxonomy was prepared by the investigator and wasngo experts in
SCERT, DIET and experienced teachers at seconddrgok Draft
lesson plans were modified by the investigator tame the feedback
and comments received from the experts. First lgson transcripts
were given for tryout by the investigator to a sl&8ll students of NSS
Boys high School, Perunna. Then the lesson trgstscwere modified
and restructured based on the actual feedback tvestigator
experienced. Thus twenty four lesson transcriptevwweepared based on
the Revised Bloom’s Taxonomy. Sample lesson trgpiscare given as

appendices IX A and IX B.
Lesson Transcripts based on Mc Cormack and Yager'$axonomy

For teaching Experimental Group Ill also, twentyrfdesson
transcripts on the same topics as it is in the $&vBloom’s taxonomy
were prepared based on Mc Cormack and Yager's TamgnLesson
transcripts were prepared by the investigator insatiation with the
subject experts from various schools, DIET and STERhe format of
the lesson transcripts based on Mc Cormack and r&ageaxonomy is

given below.
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1. General Information

General information include, Name of the teacheamid of the

school, Standard, Subject, Unit, Name of the legton

2. Content overview

Content overview explains the topics and subtoipi¢ke lesson.
3. Content Analysis

Content Analysis covers terms, facts and conceptse lesson.

4. Learning Domains/Objectives

There are mainly five domains in this taxonomy gate known
as Taxonomy of Science Education. The learning duwnaare
Knowledge Domain, Process Domain,, Application DomaAttitudinal

Domain and Creativity Domain,
Knowledge Domain

In this domain students acquire knowledge and staeding
about terms, facts and concepts. At the beginnintdpe lesson teacher
gives an appropriate introduction to the lessonugh stories, poems,
simple activities etc. In this session teacher bdistaes connection
between what they already know, and what they amgggto learn in the
class by testing previous knowledge. Children tecahd recognises
terms, facts and concepts themselves and with @ip of teacher,

through different types of activities.
Process Domain

One of the important aims of science education is the
development of process skills in children. Scienaa only be learned
through doing science. Investigator plans and desigrious activities;
both in individual as well as in groups; throughiethchildren gets
training in scientific method and process skillsudents develop

observation, classification, communication, praditt inference,
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interpretation, experimentation etc. through sdieally planned

activities in the class.
Application Domain

Pupil applies acquired knowledge and skills in nend
unfamiliar situations. Through the objectives lista this domain pupil
develops competencies such as identifying apptinatiof scientific
concepts in everyday life, applying the learnectrsigiic concepts and
skills in solving day to day problems etc. Thisdkwf objective is
considered to be one of the higher level of obyectBtudents reach to
this higher objective only after having the reqditenderstanding of the

topic.
Attitudinal Domain

Pupil develops scientific attitudes and valuesdariing science
topics. After proper learning, understanding anpliaption of scientific
knowledge it becomes a part of their character.er®a teacher
formulates certain activities in the class and giassignments and
follow up activities after the completion of eachsson for the
development of Scientific attitude and values ienth While preparing
the lesson transcripts teacher plans strategiesleteelop, positive
attitude towards science, school, teachers and réswvaneself,
respecting other’s feelings and opinions, expressid one’s own

feelings in a constructive way etc.

An example for a lesson plan based on  Mc Cormaod

Yager's Taxonomy is given below.
Execution of lesson plan

The topic selected for teaching based on Mc Cormac#

Yager's Taxonomy is Live stock management, Poufagming and
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Sericulture. The investigator introduces the lessgmgiving a simple
activity. Students were asked to write the namesgaoious varieties of
animals reared in houses for economical purposkslefts have to
write animal’'s names and how they are useful tmdms. Students
write their observations in the note book. The stigator and students

discusses various animals reared in houses ancettenomical uses.

In the second step teacher shows a power pointepiason
about live stock management and plays a video stgan interview
with the farmer. Power point presentation showsupés of various
varieties of cows, goats and buffaloes and methbdearing them
scientifically for getting economically useful progts. In the video a
farmer describes how to look after cattle for atdyeproduction and
what economical benefit he is getting from it. Afslowing this video,
investigator directs children to note different iedies of cows, goats
and buffaloes. Investigator consolidates the agtiby discussing the

inferences made by the students.

In the next step the investigator displays a chlaoiving labelled
pictures of chicken, duck and quill varieties anggies an activity card
explaining the importance of each variety shown the chart.
Investigator gives instructions to children to atveeeach variety and
compare with its economical importance. Investigatonsolidates the
activity by asking children to read their obseroas .

In the next topic of the lesson, the investigatispldys a model
showing the life cycle of silk worm and asks studeto draw a flow
chart, showing different stages of its life cycl8tudents after
completing the flow chart, watches a video showdiferent stages of
natural silk production. Investigator directs stoideto note each stage
in their science diary. Finally investigator condates the activity by
giving names of different varieties of silk wormedsfor natural silk

production.
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In the last step teacher asks children to collestvan about
artificial milk and egg production and to make abuan showing
picture of various varieties mentioned above asigibducts.

5. Learning Strategies

Learning strategies used in this lesson includesemfation,

analysis, discussions etc.
6. Pre requisites

It is the previous knowledge of pupil about theitoplere they
know about certain varieties of animals and birdsag for economy,

life cycle of silk worm etc.
7. Learning Materials

Learning materials used are, power point presemsivideos,

charts, models and activity cards.
8. Classroom Transaction

Classroom transaction is shown in a two column &rnwvhere
first column shows classroom activities and secaotblmn shows

evaluation or response part of the activities.
9. Follow up activity

Follow up activity includes all the assignments @nojects given
to students after completion of the lesson. Heeeitivestigator gives
assignments which can awaken a student’s applicaattitude and

creativity domain.

Since Mc Cormack and Yager's Taxonomy is a taxondary
science education; investigator designed the legkonin such a way to
fulfil the objectives of the taxonomy. Classroomtenactions and

activities are learner centred and classroom enment was also
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friendly and helpful for the free expression of tield. special care was
taken to develop basic concepts related to eadb s acquisition of
higher objectives as well. Investigator provided #le necessary
guidance, help and clarified all doubts. Reviewsfioas after the lesson

assessed attainment of objectives.
Validation

The sample lesson transcripts based on Mc Cormaatkyager’'s
Taxonomy was prepared by the investigator and wasngo experts in
SCERT, DIET and Experienced teachers at secondanot The draft
lesson plans were modified by the investigator tame the feedback
and comments received from the experts. First lgson transcripts
were given for tryout by the investigator to cld4H students of NSS
Boys High School Perunna. Then the lesson trariscwere modified
and restructured based on the actual feedback tvestigator
experienced. Thus twenty four lesson transcripteweepared based on
the Mc Cormack and Yager's Taxonomy. Sample lessaorscripts are

given as appendices XI A, XI B.
Sample Selected for the study

Random sampling method was adopted for sample teglec
Population for the present study consists of sttedestudying in

Standard VIl in the secondary schools of Kerala.

Sample is a part of the population which represettis
characteristics of population and suits with theeegcher’s purpose. The
investigator decided to adopt random sampling keem view of the
experimental nature of the study. The sample ofstnedy consisted of
VIII standard students from three schools of Kaftay District of
Kerala. The schools selected include three GowdediSchools, .NSS
Boy’s High School, Perunna, NSS Girl's High SchoBkrunna, and
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NSS Higher Secondary School, Kidangoor. Since thegnted study is
a comparative study, there was no control groupadinthe three groups
were considered as experimental group. Investiga®ected two
divisions of VIl standard students from each sd¢hédter removing the
absentees in pre test and post test the total nuofitstudents included
in the study was 210; a group of 70 students eaicthfee experimental

groups.
Table 4.5

Breakup of the sample for the study

Boys/Girls/ No of students
Type of _ _
No Name of the school Co in Experimental
_ School
education group
1 NSS Boy’'s High _
Boys Aided 70
School , Perunna
2 NSS Girl's High
Girls Aided 70
School ,Perunna
3 NSS HSS Kidangoor Co- _
_ Aided 70
education
Total 210

Experimental Study

The experiment was conducted to studyetfectiveness of an
instruction based on SOLO Taxonomy, Revised Blooifexonomy
and Mc Cormack and Yager's Taxonomy on certainni@gr outcomes
at secondary level students. The design selectethéostudy was Pre
test post test non equivalent group design. Sihde & comparative

study, three of the groups taught through threegygf taxonomies were
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considered as experimental groups. Procedure atloptee experiment

is given below.

» Administration of Pre tests for the three experitaégroups

« Teaching the Experimental Group | based on SOLO
Taxonomy and Experimental Group Il based on Revised
Bloom’s Taxonomy and Experimental Group III basedMc
Cormack and Yager's Taxonomy

* Administration of the Post test for the three expental
groups

Administration of the Pre test

Before starting the experiment, investigator coneldqre tests
for the three experimental groups. Scientific Afié Scale, Scientific
Creativity Test and Metacognitive Awareness Inventwere used as
pre tests among secondary school students. Psewest¢ conducted by
the investigator herself for the three groups. $beres obtained from
the students of the three experimental groups leas lzollected and

subjected to statistical analysis.
Treatment for the groups

The students were taught based on three diffeeet@nbmies;
SOLO Taxonomy, Revised Bloom’s Taxonomy and Mc Cacknand
Yager’'s Taxonomy. Three different methods of teaghwas adopted by
the investigator to three experimental groups. Base the different
objectives of the three taxonomies, investigat@ppred three different

types of lesson transcripts and taught accordingly.
Post test

After completing the teaching of the experimentaluyp based on

the SOLO Taxonomy, Revised Bloom’'s Taxonomy and Gtomack
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and Yager’'s Taxonomy the same scale on Sciemtititude, Scientific
Creativity Test and Metacognitive Awareness Inventowas
administered to all the three groups. The scorésidd by the students

were used for statistical analysis.
Data collection Procedure

Experimental study was conducted to study the sifetess of
an instruction based on SOLO Taxonomy, Bloom’sdfemy and Mc
Cormack and Yager's Taxonomy on certain learniniga@mes such as,
Scientific Attitude, Scientific Creativity and Metagnitive Awareness
on secondary school students. The investigator ldesd and
standardised necessary tools for the collectiotiatd. Since it was very
difficult to get three equivalent groups in the exmental design, the
investigator selected two intact class rooms fraoheschool for the
experimentation and collection of data. The numikestudents in a
class is around 50 so the investigator selectedctasses for the study
for getting a total of 70 students for the expentaé study from each
school. The three schools ; NSS Boy's High Sché&drunna, NSS
Girl's High School, Perunna, and NSS Higher Secondachool,
Kidangoor were situated at the semi urban aredsotthyam District.
After finalising the sample and the tools to bedjsthe investigator
visited the selected schools and contacted theshehdhe institution
and the respective subject teachers to get peonigsi experimentation

and collection of data.

Before starting the treatment, the investigator garaed the
previous achievement in Biology of the three expental groups. The
researcher met the students to establish a rappibint them and
explained the purpose of the study briefly. AttfilRaven’s Progressive
Matrices test was administered to compare thergéneental ability of

the students. After that, the investigator admamest pre tests for

126



Wethodology

Scientific Attitude, Scientific Creativity and Metagnitive awareness.
The rules and procedures for each type of thewaststrictly followed.
The response sheets were collected back afterltdieed time from the

experimental groups and was scored and subjectgdtistical analysis.

Three experimental groups were taught using thréerent
Taxonomies with different objectives. The investigaprepared 24
lesson transcripts for each taxonomies and taumigidering the aim of
each taxonomies. For that, she adopted differerstegties in her

teaching. Same content is used to teach in thfeereht ways.

After completing the teaching, the three experirakmgfroups;
Scientific Attitude scale, Scientific Creativity Steand Metacognitive
Awareness Inventory were again administered as {@s$$ to all the
groups. The scores obtained from the three expeatahgroups were

used for statistical analysis.
Scoring and Consolidation of data

Response sheets were scored based on the scoocedpre of
each tool . Scores were consolidated to facilicaputer analysis of

the data using SPSS Software version 22.
Statistical techniques used

Computer facilities using the software programmeSSRPwvas

made use of for the statistical analysis of the datlected.

The researcher used the following statistical tephes to

analyse the data and to draw the conclusions.

* Independent Sample ‘t’ test is used for testing shgnificant
difference between two means. In the present studg,
investigator compared the pre test mean score lagadst test

mean score of each experimental group.
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Paired Sample ‘t’ test is used for the comparingamscores of
pre test and post test in the Experimental grougaught through
SOLO Taxonomy ), Experimental group Il (taught gskevised
Bloom’s Taxonomy), and Experimental Group Il (tAtigising

Mc Cormack and Yager's Taxonomy) .

Gain score comparison - The difference betweentpssiand pre
test score is termed as the gain score. Gain sworgarison is
used for comparing the gained performance of seaynschool

students in the Scientific Attitude, Scientific @teity and

Metacognitive Awareness.

One way ANOVA is used for comparing the varianceud test
in the three Experimental Groups. It is an effextiway to

determine whether the means of more than two samate

different to attribute to the sampling error.

Scheffe’s Test of Multiple Comparison- It is a cenative

method of testing the significance of one or mamparisons of
mean values arising in analysis of variance.

Analysis of covariance (ANCOVA) — Single factor &rsas of

covariance with one co-variate is used in the prestidy. It was
employed to remove statistically the effects of raxéous
variable and to provide an unbiased comparisorthénpresent
study, ANCOVA (Uni-variate Analysis) is used foretkesting of
effectiveness of each independent variable on tepemdent
variable. Pre test scores of each group is takencavariate with
the help of SPSS version 22.
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Chapter 1V

ANALYSISAND INTERPRETATION

OF DATA

(@

* Analysis of Data for Equating the Groups
* Comparison of Scientific Attitude
» Comparison of Scientific Creativity

» Comparison of Metacognitive Awareness




Analyscs and Tutervpretation of Data

“Analysis is a process which enters into reseanchrie form or
another, from the very beginning, it may be fairsiay that research
consists; in general of two larger steps, the gatbeof data and the
analysis of these data; but no amount of analyamswalidly extracted
from the data factors which are not present” (G&atr & Scats, 1996).
This chapter displays the statistical analysis lo¢ tdata and the
interpretation of the results. After the data ha&erb collected, it is

processed using Microsoft Excel-2013 Software.

The data may be adequate, valid, and reliable yoextent; it
does not serve any worthwhile purpose unless taiefully edited,
systematically classified and tabulated, scierdiijc analyzed,
intelligently interpreted and rationally concluddthe present attempt is
intended to study the effectiveness of an instomcthased on SOLO
Taxonomy, Revised Bloom’s Taxonomy and Mc Cormaa#t dager’s

Taxonomy on certain learning outcomes of seconseingol students.

The data collected for the study were analyzedguseievant
statistical techniques. The analysis and interpogtaof the results have

been presented under the following sections.
Analysis of data for equating the groups
Comparison of Scientific Attitude
Comparison of Scientific Creativity
Comparison of Metacognitive Awareness

Analysis of Data for Equating the Groups

To make the study effective it is better to sekgiated groups.
The equality of the two groups selected for thelgtwas ensured before
the experiment, with regard to the control variablePrevious

achievement in science and Intelligence scoreettudents.
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The data collected were subjected to Test of Suante of
Difference among the students from three experiaiegtoups, using
one way ANOVA. The detailed description of analysspresented

under the following heads.

Comparison among Experimental Group | (SOLO Taxonony),

Experimental Group Il (Revised Bloom’'s Taxonomy) aml
Experimental Group Ill (Mc Cormack and Yager's Taxonomy)

with regard to Previous Achievement in Science

The investigator collected the scores of studeffitshe three
experimental groups for previous achievement iersm. The obtained
data were analyzed by computing Analysis of Vamaaod subjected to

‘F’ test. The details of the analysis are summaripethe tables below.
Table 1

Data and results of one way ANOVA for testing thgniBcant
difference among the three experimental groups fmevious

achievement in science

Sum of Mean
df F Sig
Squares Square
Between
146.410 2 73.205
Groups
o 2.213 p>0.05
Within
6846.371 207 33.074
Groups
Total 6992.781 209

The above table shows that the obtained ‘F’ vad2](p>0.05)

Is not significant at 0.05 level. This shows thz three groups do not
differ significantly in their previous achievementscience. Therefore,
it can be inferred that all the groups selectedHerexperiment are more

or less equal in their previous achievement inrsge
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Comparison among Experimental Group | (SOLO Taxonony),
Experimental Group Il (Revised Bloom’'s Taxonomy) aml
Experimental Group Ill (Mc Cormack and Yager's Taxonomy)

with regard to Intelligence Test Scores

Raven’s Standard Progressive Matrices was adnuacsté¢o
students in the experimental groups before conadgadtie experiment,
to get an idea about their level of intelligencéeTdata thus obtained
were analysed by computing Analysis of Variance smjected to ‘F’

test. Details of the analysis are summarized irtdbi below.

Table 2

Data and results of One Way ANOVA for testing tignicant

difference among the three experimental group&kemeral Intelligence

Sum of Mean _
df F Sig.
Squares Square
Between
87.971 2 43.986
Groups 1.17
o p>0.05
Within
7747.843 207 37.429
Groups
Total 7835.814 209

It is evident from the table that the obtainedvilue 1.17 is not
significant at 0.05 levels. This shows that thee¢hgroups do not differ
significantly with regard to their intelligence. @tefore it can be
inferred that all the groups selected for the eixpent are more or less
equal in their intelligence, and do not differ sfgmantly in their

intelligence.
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Comparison of Scientific Attitude of Secondary Schol Students in
the Experimental Group | (SOLO Taxonomy), Experimenal Group
Il (Revised Bloom’s Taxonomy) and Experimental Groy Il ( Mc

Cormack and Yager's Taxonomy)

After equating the group, the investigator admaristl pre test in
Scientific Attitude, Scientific Creativity, and Matognitive Awareness
among the three experimental groups. Then admietentervention
strategy in each experimental group like, ExperitaeGroup | (SOLO
Taxonomy), Experimental Group |l (Revised Bloom'axdnomy) and
Experimental Group Il (Mc Cormack and Yager's Tagmy). After
the intervention investigator administered same @sspost test in the
three groups. Then tabulated the scores in theéegteand post test and
condensed it in to the descriptive statistics & f@st and post test for
analyzing preliminary features of the data. Follogvitables show the
descriptive statistics of the pre test and post gesres of each group

with regard to the learning outcome, Scientificitiitie.

Descriptive statistics of pre test scores of Scigfit Attitude of the
Secondary school students in the Experimental Group (SOLO
Taxonomy), Experimental Group Il (Revised Bloom’s Taxonomy)
and Experimental Group Il (Mc Cormack and Yager's

Taxonomy)
a) Before the experiment

Before starting the experiment, Scientific Attitudest was
administered by the investigator as pre test tthallgroups. Each group
consisting a total number of 70 students. The @sedcores obtained by
the students in the three groups were condensedAnithmetic Mean,
Median, Mode, Standard Deviation, and Skewnesss Was to get a
general picture of the performance of studenthénthree Experimental

groups before the experiment.
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Table 3

Descriptive statistics of Scientific Attitude amosgcondary school

students before the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom’s Yager's
Taxonomy
Taxonomy Taxonomy
Mean 158.66 152.96 155.79
Median 157.00 156.00 156.00
Mode 141 156 161
Std. Deviation 19.476 19.52 20.549
Skewness .014 -171 -.010
Kurtosis -.924 -.374 -.367

The maximum score being 210 for Scientific Attgudthe
obtained mean score of SOLO Taxonomy is 158.66jdedvBloom’s
Taxonomy group is 152.96, and that of Mc Cormackl afager’s
Taxonomy group is 155.79. All these values indidheg, the average
Scientific Attitude of the students in each grogpmore or less the

same.

The median scores are 157, 156, and 156 for, SCaXonomy,
Revised Bloom’s Taxonomy and Mc Cormack and Yag&egonomy
group students respectively, which indicate the didscore of the
Scientific Attitude in the group. The median vahepresent that 50% of
the students are above and below the value. Thes mallie obtained
for SOLO Taxonomy, Revised Bloom’s Taxonomy and ®larmack
and Yager’'s Taxonomy group are 141, 156, and 1§dedively. These
are the most repeating scores in the Scientifituske test. The standard
deviation of the SOLO Taxonomy group is 19.476, iBed Bloom'’s
Taxonomy group is 19.52 and Mc Cormack and Yag@&dgonomy
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group is 20.54. These values show the variatiorszoffes in each group

before the intervention.

The Skewness obtained for Revised Bloom's, Mc Gatmand
Yager's Taxonomy are negative, and for SOLO Taxoporm is
positive. Kurtosis value of all the group are negatthat means the
distribution is platykurtic. Graphical represemati of Measures of

central tendency is shown below.
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0 III II| II|

SOLO Taxonomy Revised Bloom’s Taxonomy Mc Cormack and Yager
Taxonomy
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B Mean M Median = Mode

Figure 1. Graphical Representation of Measures of Centraldeercy of
Pre test Scores of the secondary school studentshe three

experimental groups
b) After the Experiment

The same Scientific Attitude test was administeted the
investigator as post test to all the groups. Eaclig consisting a total
number of 70 students. The post test scores olotdigehe students in
three groups were condensed into Arithmetic Mearedish, Mode,
Standard Deviation, and Skewness. This was dongetoa general

picture of the distribution.
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Table 4

Descriptive statistics of Scientific Attitude amosgcondary school

students after the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom’s Yager’'s
Taxonomy
Taxonomy Taxonomy
Mean 181.03 167.47 195.67
Median 179.00 171.50 200.00
Mode 210 173 200
Std. Deviation 20.157 17.62 17.591
Skewness 494 -.660 -1.418
Kurtosis 1.128 .080 .888

The maximum score being 210 for the Scientific tAtle, the
obtained mean score of SOLO Taxonomy group is B31Rkevised
Bloom’s Taxonomy group is 167.47, and Mc Cormackl afager’s
Taxonomy group is 195.67. All these values ingidahat the students
from each group have different levels of Scientifittitude after the

experiment.

The Median scores obtained are 179, 171.50 andd&080LO
Taxonomy, Revised Bloom’s Taxonomy and Mc Cormaa#t dager’s
Taxonomy group students respectively, which indidathe middle
score of the Scientific Attitude in each group. Theedian value

represents that 50% of the students lies abovdeloav the value.

The mode value obtained for SOLO Taxonomy, Revised
Bloom’s Taxonomy and Mc Cormack and Yager’'s Taxop@roup are
210,173 and 200 respectively. Mode value signifiesst repeating
scores in the attitude test. The Standard Deviatbnthe SOLO
Taxonomy Group is 20.15, Revised Bloom’s Taxonomgug is 17.62,
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and Mc Cormack and Yager's Taxonomy group is 1715fse values
show that there is variation of scores in each graiter the

intervention.

The Skewness obtained for Revised Bloom's and Morack
and Yager’'s Taxonomy were negative but for SOLOoheny, it is
positive. And the Kurtosis value of all the groupositive. It means
that the distribution is leptokurtic. Graphical repentation of Measures

of central tendency is shown below.

SOLO Taxonomy Revised Bloom’s Taxonomy Mc Cormack and Yager
Taxonomy

250

200

15

o

10

o

5

o

B Mean M Median Mode

Figure 2. Graphical Representation showing Measures of Céntra
Tendency of Post test Scores of Secondary Schaegr@s in the three

Experimental Groups
Comparison of Scientific Attitude

Effectiveness of Instructions based on, SOLO Taxomay, Revised
Bloom’s Taxonomy, and Mc Cormack and Yager’'s Taxonmy on
Scientific Attitude of Secondary School Students

One of the purposes of this study is to compareetfextiveness
of instruction based on the SOLO, Revised Bloomd ®c Cormack
and Yager's Taxonomy on Scientific Attitude of sedary school

students. For this, the investigator developed¥alhg hypothesis, and
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tested these hypotheses using ‘t’ test ‘F tesghsas ANOVA and
ANCOVA followed by adjusted post test.

1.

There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtringion
based on SOLO Taxonomy), Experimental group Il (ro
receiving instruction based on Revised Bloom’s Tebtay) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Attlau of
Secondary School students.

There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Attitude ofesondary
school students.

There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Bxpental group
l.

There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Bxpental group
Il.

There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Bxpental group
.

There will be no significant difference between tnean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group II.

There will be no significant difference between tnean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group lII.

There will be no significant difference between tnean gain
scores of Scientific Attitude of Experimental group and

Experimental Group lIl.
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Comparison of pretest scores of Scientific Attitud among
Experimental group | (Group receiving instruction based on SOLO
Taxonomy), Experimental group Il (Group receiving instruction
based on Revised Bloom’s Taxonomy), and Experimeritgroup IlI

(Group receiving instruction based on Mc Cormack ad Yager's

Taxonomy)

For this, the investigator compared all the pré $esres of each
experimental groups using One Way analysis of Viaea The data and

results of the test of significance were givenhia table below.
Table 5

Data and result of pre test scores of Scientifigitdde in each

Experimental Group

Source of Sum of Mean _
_ df Sig.
variance Squares Square
Between Groups 1137.171 2 568.586
1.44 p>0.05

Within Groups 81614.429 207 394.273
Total 82751.600 209

The obtained ‘F’ value is 1.44 which is not sigcafint at 0.05
level of significance (p>0.05). This shows thatréhés no significant
differences in the pre test mean scores among tidergts in each
experimental group. Therefore all the three expental groups do not
differ significantly in their Scientific AttitudeSo it is inferred that,
before the intervention, three groups were moreless same in
Scientific Attitude.
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Comparison of posttest scores of Scientific Attitde among
Experimental group | (Group receiving instruction based on SOLO
Taxonomy), Experimental group Il (Group receiving instruction
based on Revised Bloom’s Taxonomy), Experimental gup Il
(Group receiving instruction based on Mc Cormack ad Yager's
Taxonomy)

For this, the investigator compared all the post $seores in the
each experimental groups using One Way Analysi¥ariance. The

data and results of the test of significance wérergin the table below.
Table 6

Data and result of post test scores of Scientifittdle in the each

experimental group

Source of Sum of Mean
: df F Sig
variance Squares Square
Between
27847.152 2 13923.576
Groups
o 40.69 P<0.01
Within
70822.829 207 342.139
Groups

Total 98669.981 209

The obtained ‘F’ value is 40.69 which is signifitat 0.01 level
of significance (p<0.01). This shows that thersignificant difference
in the post test means scores of the Scientifiatullie in each
experimental group. Therefore the all the threeserpent groups differ
significantly in their Scientific Attitude after ¢hintervention. So it is
inferred that after the intervention three group8ed in Scientific
Attitude. In order to find out the initial differee among the three

groups the investigator used Scheffe post hoc test.
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Table 7
Data and Results of Scheffe post hoc test in sticeattitude among the

three groups

Group N Subset for alpha = 0.05
1 2 3

Revised Bloom’s 70 167.47

Taxonomy

SOLO taxonomy 70 181.03

Mc Cormack and 70 195.67

Yager’'s Taxonomy

The above table shows that the obtained mean sairédc
Cormack and Yager's Taxonomy is 195.67, SOLO tarond81.03
and Revised Bloom’s Taxonomy 167.47. So it is cthat Mc Cormack
and Yager's Taxonomy significantly differ from SOL&nhd Revised
Bloom’s Taxonomy for Scientific Attitude. It can lbepresented below

through the mean plot.

200

190

180

Mean of Posttest

160

T T T
SOLO Taxonom Y Revise: ol Bloom' 's Taxonom Y Mc Cormack and Yager Taxonom Y
group

Figure 3: Mean plot showing the difference in Scientific tAtte of
students in the experimental groups receiving utton based on three

taxonomies
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Comparison between the mean Pre test and Post testores of

Scientific Attitude of Experimental Group |

The difference between the pre test and post tesihmscores of
the Experimental group | (SOLO Taxonomy) was testedignificance
by finding the Critical Ratio using Paired Sampietést. The data and

results for the test of significance were givetha table below.
Table 8

Data and result of Pre test and Post test scoreSanentific Attitude in

Experimental Group |

Std. _
Tests Mean N o R t Sig
Deviation

Pre test 158.66 70 19.476

.041 6.82 P<0.01
Post test 181.03 70 20.157

The obtained ‘t’ value is 6.82, which is highly sificant at 0.01
level of significance. That means there exist anificant difference
between pre test and post test mean scores in SKaxOGnomy group.
Since the mean of post test, 181.03 is greater tianof the pre test
mean 158.66; it is inferred that instruction bassa the SOLO

Taxonomy is effective in developing the Scienthittitude.
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Figure 4. Graphical Representation showing Pre test and Rest
Mean scores of ScientitAttitude in Experimental Group |
Comparison between the mean Pretest and Post test scores

Scientific Attitude of Experimental Group I

The difference between tipre test and podest mean scores
the Experimental group I(Revised Bloom’s Taxonomyyere tested fo
significance by finding the Critical Ratio usingigal sampl¢ ‘t’ test.
The data and resulof the test of significance weigven in the tabl
below.

Table 9

Data and result oPre tes and Post test scores 8tientific Attitud in

Experimental Group

Std. _
Tests Mear N o r T Sig
Deviation

Pre test 152.9¢ 70 19.526
.80 10.45 P<0.01
Posttest 167.4% 70 17.626
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The obtained t value is 45, which is highly significal at 0.01
level of significanc. That means there exists arsfgcant difference
between pretest and post test mean scores in Revise( Bloom’s
Taxonomy group. Since the mean of post tes.47 is greater than th
of pre test mean 152.96, it is inferred that instructicasdd on th
Revised Bloom’s Taxonory is effective in developingScientific
Attitude.
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Pretest Posttest

Figure 5. Graphical Representation showing Pre test and Rest

Mean scores of Scientific Attitude in Experime@&abupll

Comparison between the mean Pretest and Post testscores of

Scientific Attitude of Experimental Group II.

The difference between tlpre testand post test mean scores
the Experimental groupll (Mc Cormackand Yager's Taxonomywere
tested for significance by finding tICritical Ratio, usingPairedSample
‘t" test. The data and results of the test of sigmfieawere givn in the

table below.
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Table 10

Data and result oPre tes and Post test scores 8tientific Attitud in

the Experimental Grot llI

Std.

Tests Mear N o r t Sig
Deviation

Pre test 155.7¢ 70 20.549
542 18.09 p<0.01

Posttest 195.6, 70 17.591

The obtained‘t value is 18.09, wish is highly significant at 0.(
level of significance whicl means, there exists a sificant difference
between pre test and pctest mean scores in the Méormacl and
Yager's Taxonomygroup. Since the mean of pdest 195.6'is greater
than that of the preest mean 155.79, it is inferred that instructiasds
on the SOLOTaxonomy is effectivin developingScientific Attitude.
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Figure 6 : Graphical Representation showing Pre test and Rest

Mean scores of ScientitAttitude in Experimental Group Il
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Comparison between the Mean Gain Scores of Scientif Attitude
between Experimental group | and Experimental Groupll

The difference between the Mean Gain Scores of the
Experimental group | (SOLO Taxonomy) and Experiraér@roup Il
(Revised Bloom’s Taxonomy) were tested for sigaifice by finding
the critical ratio, using Independent Sample ‘stielhe data and results

of the test of significance are given in the taixdéw.

Table 11

Data and result of Pre test and Post test Gain ssoof Scientific
Attitude of Experimental group | (SOLO) and Expemtal Group Il

(Revised Bloom’s)

Std. _
Tests Mean N o t Sig
Deviation
Revised Bloom’s
Taxonomy
14.51 70 11.61
Based
Instruction 2.34 P<0.05
SOLO
Taxonomy based 22.81 70 27.27
Instruction

The obtainedt’ value is 2.34, which is highly sigrant at 0.05
level of significance. It means that, there exsstsignificant difference
between mean gain scores of Revised Bloom’s Taxgngraup and
SOLO Taxonomy group. Since the mean gain of SOLQomamy
group 22.81, is greater than that of the mean ghiRevised Bloom'’s
14.51; it is inferred that students from SOLO Teaxmy group have
high gain in their Scientific Attitude.
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Figure 7: Graphical Representation showing Pre test and ResttGain
scores of Scientific Attitude among Experimentalugrl (SOLO) ant
Experimental Group Il (Revised Bloon
Comparison between the Mean Gain Scores cScientific Attitude
among Experimental groip Il and Experimental Group Il

The difference between the mean gain scores of
Experimental group (RevisedBloom’s Taxonomy) and Experimeni
Group Il (Mc Cormacl and Yager's Taxonomywere tested fc
significanceby finding the Critical Ratic using IndependerSample ‘t’
test. The data and results of the test of sigmfieawere given in th

table below.

Table 12

Data and result olPre test and Post test Gascores ofScientific
Attitude amondexperimental group |l and Experimental Group

Std. .
Tests Mear N o t Sig
Deviation
Revised
14.5] 70 11.61
Bloom'’s
9.74 P<0.01
Mc Cormack
39.8¢ 70 18.44
and Yager’'s
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The obtained‘t value is 9.74, which is highly significant at 1
level of significance It means that, there exists arsfgcant difference
between meangain scores amonghe RevisedBloom’'s and Mc
Cormackand Yager's Taxonon group. Since the mean gain Mc
Cormackand Yager’'s Taxonon group, 39.88 is greater than that of
mean gain oRevise( Bloom’s 14.51, it is inferred thatudents fron
Mc Cormackand Yager's Taxonon group have high gain itheir

Scientific Attitudescorz.
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Revised Revised Bloom’s Mc Cormack and Yager’s

Figure 8. Graphical Representation showing Pre test and RexttGain
scores of Scientific Attitude among Experimentalowpr Il and

ExperimentalGroup Il

Comparison between the Mean Gain cores ofScientific Attitude of
Experimental group | and Experimental Group I

The difference between the megain scores of thExperimenta
group | (SOLOTaxonom") and Experimental Group IlIMc Cormacl

and Yager's Taxonomywere tested for significance by finding t
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Critical Ratio, using independent sample ‘t’ t8dte data and results of
the test of significance were given in the tabllowe
Table 13

Data and result of Pre test and Post test Gain ssoof Scientific

Attitude among Experimental group | and Experime@iaup 11|

Std. _
Tests Mean N o t Sig
Deviation

SOLO Taxonomy
Group
Mc Cormack and 433 P<0.01
Yager’'s Taxonomy 39.88 70 18.44
Group

22.81 70 27.27

The obtained‘t’ value is 4.33, which is highly sificant at 0.01
level of significance. It means that there existsigmificant difference
between mean gain scores in the SOLO and Mc CorrmadkYager’'s
Taxonomy group. Since the mean gain of Mc Cormautt #ager’'s
Taxonomy group 39.88, is greater than that of tleamgain of SOLO
22.81, it is inferred that students from Mc Cormaakd Yager's
Taxonomy group have high gain in their Scientifitithde score.
Comparison of Effectiveness of Instructions based no Revised
Bloom’'s Taxonomy SOLO Taxonomy, and Mc Cormack and
Yager's Taxonomy on Scientific Attitude of secondar school
students

In this section investigator compared the post wsire of
Scientific Attitude among secondary school studamthe three groups
using Univariate Analysis. Here the investigatookigpre test as co

variate. Following tables show the results.
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Table 14

Data and Results of the Univariate analysis, fatitey the Effectiveness
of Instructions based on Bloom’s Taxonomy, SOLOviamy, and Mc
Cormack and Yager's Taxonomy on Scientific Attitedesecondary

school students

Type Il
Mean _
Source Sum of df F Sig.
Square
Squares
Pre test
Scientific 14040.43 1 14040.432 50.937P<0.01
Attitude
Group 25757.83 2 12878.91
46.723 P<0.01
Error 56782.39 206 275.643
Total 7008196. 210

Above table shows the obtained ‘F’ for the errod@s723 which
is highly significant at 0.01 level of significan¢e<0.01). It means that
the instructions based on Revised Bloom's Taxonon®Q)LO
Taxonomy, and Mc Cormack and Yager’'s Taxonomy vediective for
developing Scientific Attitude among secondary stlstudents.

The adjusted means of post test scores (x, y medssydents in
each experimental groups were calculated. Therdiffee between the
adjusted y means was tested for significance. Tdia for adjusted
means of post test scores of students in experahgrdups were given
in the following table.
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Table 15

Data for adjusted means of post test scores farfiific Attitude among
secondary school students who received instructbmsed on Revised

Bloom’s Taxonomy, SOLO Taxonomy, and Mc Cormack Yager’'s

Taxonomy
Groups N Mx My My t
Revised Bloom's 70 15296 167.47 168.65A-B 3.96*
Taxonomy(A)
SOLO 70 158.66 181.03 179.84B-C 5.63*
Taxonomy(B)

Mc Cormack 70 155.79 195.67 195.68 A-C 9.61*
and Yager’'s(C)
Total 210 155.80 181.39

*significant at 0.01 level

Above table shows, the adjusted post test mearesdareach
group for the instructions based on Revised Blooh@sonomy, SOLO
Taxonomy, and Mc Cormack and Yager's Taxonomy orergific
Attitude of secondary school students. The adjustedn score of Mc
Cormack and Yager’s is 195.68, which is greaten the adjusted mean
score of SOLO Taxonomy 179.84 and Revised Bloonmaxohomy
168.65. In order to find out the significant meaffetlences among the
each taxonomy, investigator used pair wise comparigollowing table

shows the pair wise comparison.
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Figure 9: Graphical Representation showing Pre test and Rest
adjusted means of Scientific Attitude of ExperimlenGroup |,

Experimental Group Il and Experimental Group Il

Table 16

Data and result of the significant mean differenaesong the Revised
Bloom’s Taxonomy, SOLO Taxonomy, and Mc Cormack Yager’'s
Taxonomy using Pair wise Comparisons

Mean Std
() group (J) group Difference ’ Sig.
(-J) Error
Revised SOLO Taxonomy -11.193 2.826 P<0.01
Bloom’s Mc Cormack and Yager's -27.027 2.811
P<0.01
Taxonomy Taxonomy
Revised Bloom’s 11.193  2.826
P<0.01
SOLO Taxonomy
Taxonomy Mc Cormack and Yager’'s -15.834 2.811
P<0.01
Taxonomy
Mc Cormack  Revised Bloom’s 27.027 2811
P<0.01
and Yager's  Taxonomy
Taxonomy SOLO Taxonomy 15.834 2.811 P<0.01
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Above table shows, that the obtained mean diffexens
significant between Revised Bloom’s with SOLO Taaoy is 11.193
and Revised Bloom’s with Mc Cormack and Yager's dreomy is
27.027. Both differences are highly significant.the case of SOLO
with Mc Cormack and Yager's Taxonomy, also the meéference
(15.83) is highly significant. Among the mean difleces Mc Cormack
and Yager’'s Taxonomy have high difference compace®&OLO and
Revised Bloom’s. So it can be concluded that Mcn@amk and Yager's
Taxonomy is highly effective to develop Scientifidtitude among
secondary school students and then comes SOLO ®aworfor
developing Scientific Attitude. From the presenidst, it was found that
Revised Bloom’s Taxonomy comes below the other tawxmnomies in
developing Scientific Attitude among secondary stlgtudents. It can

be represented below through estimated marginaih oled.

Estimated Marginal Means of Posttest

2007

1580

1807

Estimated Marginal Means

170

T T T
SOLO Taxonomy Revised Bloom's Taxonomy Mo Cormack and Yager Taxonomy

Group

Covariates appearing in the model are evaluated at the following values: Pretest ScientificAttitude = 155.80

Figure 10 Graphical Representation showing Estimated Marginal
Mean Plot of Scientific Attitude among Experimen@loup I,

Experimental Group Il and Experimental Group Il
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Comparison of Scientific Creativity

Comparison of Scientific Creativity of Secondary Seool Students in
the Experimental Group | (SOLO Taxonomy), Experimertal Group
Il (Revised Bloom’s Taxonomy) and Experimental Grog Il ( Mc

Cormack and Yager's Taxonomy)

After equating the group, the investigator admeristl pre test in
Scientific Attitude, Scientific Creativity, and Matognitive Awareness
among the three experimental groups. Then admiastentervention
strategy in each experimental group like Experime@roup | (SOLO
Taxonomy), Experimental Group Il (Revised Bloom'axdbnomy) and
Experimental Group Il (Mc Cormack and Yager’s Tagmy).After the
intervention investigator administered same tesp@s test in all the
three the groups. Then tabulated the scores iprindest and post test
and condensed it in to the descriptive statisticpre test and post test
for analyzing the preliminary features of the dafallowing tables
shows the descriptive statistics of the pre tedt@rst test scores of the

each group with regard to the learning outcomerfiifie Creativity.

Descriptive statistics of pre test scores of Sciafit Creativity among
Secondary school students in the Experimental Group (SOLO
Taxonomy) Experimental Group Il (Revised Bloom’'s Taonomy)

and Experimental Group Il (Mc Cormack and Yager’'s Taxonomy)
a) Before the experiment

Before starting the experiment, Scientific Credgiviest was
administered by the investigator as pre test tthallgroups. Each group
consisting a total number of 70 students. The ggedcores obtained by
the students in three groups were condensed intbmaatic mean,
median, mode, standard deviation, and skewness Whs to get a
general picture of the performance of studentbéntbree groups before

the experiment.
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Table 17

Descriptive statistics of Scientific Creativity amgosecondary school

students before the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom’s Yager's
Taxonomy
Taxonomy Taxonomy
Mean 18.56 19.17 20.89
Median 18.00 20.00 21.00
Mode 18 20 28
Std. Deviation 6.264 6.769 7.412
Skewness -.051 -.125 -.174
Kurtosis -.647 -.575 -.856

Obtained mean score for Scientific Creativity of vRed
Bloom’s Taxonomy group is 19.17, SOLO taxonomy grasi 18.56,
and that of Mc Cormack and Yager's Taxonomy grosif20.89. All
these values indicated that, the average Scienfifieativity of the

students in each group is more or less the same.

The median scores are 18, 20 and 21 for SOLO Targn
Revised Bloom’s Taxonomy, and Mc Cormack and Yag&exonomy
group students respectively, which indicated theldie score of the
Scientific Creativity in the group. The median \alepresent that 50%

of the students are above and below the value.

The mode value obtained for Revised Bloom’'s Taxaoyno
SOLO Taxonomy and Mc Cormack and Yager's Taxonomyug are
18, 20, and 28 respectively. These are the mostate scores in the
Scientific Creativity test. The standard deviatimi the SOLO
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Taxonomy group i$.26, Revise Bloom’s Taxonomy group is 6. and
Mc Cormackand Yage's Taxonomy group is 7.4IThese values sho

the variations of scores in each group beforerntervention.

The skewness obtained for the Revised BlooiMc Cormacl
and Yager's Taxonomy and SOLO Taxonomy are negative. &
kurtosis value of all the group are negative thatins the distributio
platykurtic. Graphical representation of Measurecentral tendency i
shown below. The values of the measures central tecy is

approaching to normalit
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SOLO Taxonomy Revised Bloom's Mc Cormack and Yager
Taxonomy Taxonomy

B Mean M Median B Mode

Figure 11: Graphical Representation of Measures of CentraldBeicy
of Pre test Scores of Scientific Creativity of thecondary schoc

students among the three experimental gr
b) After the Experiment

The same Scientific Creativity Test was administely the
investigator as posést to all the groups. Each group consisting al

number of 70 students. Tlpost testscores obtained by the students
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three groups were condensed into Arithmetic Mearedigh, Mode,
Standard Deviation, and Skewness. This was dongetoa general
picture of the distribution.

Table 18

Descriptive statistics of Scientific Creativity amgosecondary school
students after the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom'’s Yager's
Taxonomy
Taxonomy Taxonomy
Mean 27.71 28.61 35.37
Median 27.50 28.50 36.50
Mode 35 32 40
Std. Deviation 4.505 4.897 4.926
Skewness .353 -.604 -.942
Kurtosis -.931 -.327 -.267

The obtained mean score of Scientific Creativity f8OLO
Taxonomy group is 27.71, Bloom’s Taxonomy grou@$61 and Mc
Cormack and Yager's Taxonomy group is 35.37. Aléstn values
indicated that the students from each group haterdnt levels of

Scientific Creativity after the experiment.

The Median scores are 27.50, 28.50 and 36.50 foLCs
Taxonomy, Revised Bloom’s Taxonomy and Mc Cormaa#t dager’s
Taxonomy group students respectively, which indidathe middle
score of the Scientific Creativity in the each grotthe median value

represents that 50% of the students lies abovdeloav the value.

The mode value obtained for the SOLO Taxonomy, iseev
Bloom’s Taxonomy and Mc Cormack and Yager’'s Taxop@roup are

35, 32 and 40 respectively. Mode value signifiestmepeating scores
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in the Scientific Creativity test. The Standard @#&wen of the SOLO
Taxonomy Group is 4.50, Revised Bloom’s Taxonomgugr is 4.89,
and Mc Cormack and Yager's Taxonomy group is 4Hfese values
show that there is variation of scores in each graiter the

intervention.

The Skewness obtained for Revised Bloom’s and Monfack
and Yager’'s Taxonomy were negative but for, SOLQoh@my it is
positive. And the Kurtosis value of all the groupsegative. It means
that the distribution is platykurtic. Graphical repentation of Measures

of central tendency is shown below.

45
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35
30
25
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1
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SOLO Taxonomy Revised Bloom’s Taxonomy  Mc Cormack and Yager
Taxonomy

v O U O

B Mean Median H Mode

Figure 12 Graphical Representation showing Measures of Céntra
Tendency of Post test Scores of Secondary Schaoér@s in the three

Experimental Groups

Effectiveness of Instructions Based on, SOLO Taxomay, Revised
Bloom’s Taxonomy, and Mc Cormack and Yager’'s Taxonmy on

Scientific Creativity of Secondary School Students

One of the purposes of this study is to compareetfextiveness
of instruction based on the SOLO, Revised Bloommd &c Cormack

and Yager's Taxonomy on Scientific Creativity ofcgadary school
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students. For this the investigator developed Yahg hypothesis, and
tested these hypotheses using ‘t’ test , ‘F’ teath as ANOVA and
ANCOVA followed by adjusted post test.

1. There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il ((ro
receiving instruction based on Bloom’s Taxonomy)dan
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Creigyi of
secondary school students.

2. There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Creativity asecondary
school students.

3. There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpE&smental
group |.

4. There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpE&smental
group II.

5. There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpEsmental
group IlI.

6. There will be no significant difference between thean gain
scores of Scientific Creativity of Experimental gpol and
Experimental Group II.

7. There will be no significant difference between thean gain
scores of Scientific Creativity of Experimental gpol and

Experimental Group II.
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8. There will be no significant difference between thean gain
scores of Scientific Creativity of Experimental gpoll and

Experimental Group III.

Comparison of pre test scores of Scientific Creatity among
Experimental group | (Group receiving instruction based on SOLO
Taxonomy), Experimental group Il (Group receiving instruction
based on Revised Bloom’s Taxonomy) and Experimentgroup Il

(Group receiving instruction based on Mc Cormack ad Yager's

Taxonomy)

For this, the investigator compared all the pré $esres of each
experimental group using One Way Analysis of Var@anrhe data and

results of the test of significance were givenhia table below.
Table 19

Data and result of pre test scores of Scientifiee&ivity in each

Experimental Group

Source of Sum of Mean _
. df Sig.
variance Squares Square
Between
203.895 2 101.948
Groups
o 2.18 p>0.05
Within
9660.300 207 46.668
Groups
Total 9864.195 209

The obtained ‘F’ value is 2.18 which is not sigcéiint even at
0.05 level of significance (p>0.05). This shows tttliaere is no
significant differences in the pre test mean scafestudents in each
experimental group. Therefore all the three expental groups do not

differ significantly in their Scientific CreativitySo it is inferred that,
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before the intervention three groups were moress same in Scientific

Creativity.

Comparison of post test scores in Scientific Creatity among
Experimental group |, Experimental group Il and Experimental

group Il

For this, the investigator compared all the post $seores in the
each experimental groups using One Way Analysi¥arfiance. The

data and results of the test of significance wérergin the table below.
Table 20

Data and result of post test scores of Scientifiea@ivity in the each

experimental group

Source of Sum of Mean _
_ df F Sig.
variance Squares Square

Between Groups  2452.352 2 1226.176
53.67 P<0.01
Within Groups 4729.214 207 22.846

Total 7181.567 209

The obtained ‘F’ value is 53.67 which is signifitat 0.01 level
of significance (p<0.01). This shows that thera &gnificant difference
in the post test means scores of the studentseiredich experimental
group. Therefore the all three experiment grouperdsignificantly in
their scientific Creativity after the interventid®o it is inferred that after
the intervention three groups differ significantly their Scientific
Creativity. In order to find out the initial diffence among the three

groups investigator used Scheffe post hoc test.
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Table 21

Data and results of the Scheffe post hoc test lier difference in
scientific creativity

Group N Subset for alpha = 0.05
1 2

SOLO Taxonomy 70 27.71

Revised Bloom’s Taxonomy 70 28.61

Mc Cormack and Yager's 70 35.37

Taxonomy

Above table shows that the obtained mean scoresMof
Cormack and Yager’'s Taxonomy is 35.37, SOLO taxon@n71 and
Revised Bloom’s Taxonomy is 28.61. So it is cldattMc Cormack
and Yager's Taxonomy significantly differ from SOL&nhd Revised
Bloom’s for Scientific Creativity. It can be repesged below through
mean plot.

364

34|

32

Mean of Post-test

304

28

267

Figure 13 Mean plot showing the difference in Scientific Grnaty of

students in the experimental groups receiving uttton based on three
taxonomies
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Comparison between the mean Pre test and Post testores of

Scientific Creativity of Experimental Group |

The difference between the pre test and post tesihmscores of
the Experimental group | (SOLO Taxonomy) were tstior
significance by finding the Critical Ratio usingifea Sample ‘t’ test.
The data and results of the test of significanceevggven in the table

below.
Table 22

Data and result of Pre test and Post test scofesceentific Creativity

in Experimental Group |

Std. _
Tests Mean N o r t Sig
Deviation
Pre test 18.56 70 6.264
.30 11.87 P<0.01
Post test 27.71 70 4.505

The obtained ‘t’ value is 11.87, which is highlgmsificant at 0.01
level of significance. It means that there existsigmificant difference
between pre test and post test mean scores in @€ STaxonomy
group. Since the mean of post test 27.71 is greaser that of pre test
mean 18.56, it is inferred that instruction basedie SOLO Taxonomy

Is effective in developing Scientific Creativity.
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Figure 14 Graphical Representation showing Pre test and Rest

Mean scores of Scientific CreativityExperimental Group |

Comparison between the mean Pre test and Post test scores

Scientific Creativity of Experimental Group Il

The difference between tlpre testand post test mean scores
the Experimental group Il (Revised Bloom’s Taxonorwere tested fo
significance by finding the Critical Ratio usingigal sampl¢ ‘t’ test.
The data and results of the test of significanceevggven in the tabl

below.
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Table 23

Data and result oPre tes and Post testcores of Scientific (eativity in

Experimental Groupl

Std. _
Tests Mear N o r t Sig
Deviation
Pre test 19.17 70 6.769
413 12.12 P<0.01
Post test 28.6] 70 4.897

Theobtained‘t value is 12.12, which is highly significant at 0.
level of significance. That means there exist anificant difference
between pre test and post test mean scores itRevised Bloom’s
Taxonomy group. Since the mean of post test 2&@jraater thathat
of the pre test mean 19.17, it is inferred thatrution based on tl
Revised Bloom’s Taxonomy is effective in developing Scienti
Creativity.
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Figure 15 Graphical Representation showirPre test and Post te

Mean scores of Scientific eativity in Experimental Groug |
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Comparison between the mean Pre test and Post testores of

Scientific Creativity of Experimental group Il

The difference between the pre test and post tesihmscores of
the Experimental group Il (Mc Cormack and Yageraxonomy) were
tested for significance by finding the criticalicatusing paired sample
‘t’ test. The data and results of the test of digance were given in the

table below.
Table 24

Data and result of Pre test and Post test scoreSoadntific Creativity in

the Experimental Group IlI

Std. .
Tests Mean N o r t Sig
Deviation
Pre test 20.89 70 7.412
.089 13.04 P<0.01
Post test 35.37 70 4,926

The obtained‘t’ value is 13.04, which is highly sifgcant at 0.01
level of significance, that means there existagaifcant difference
between pre test and post test mean scores antmnlylc Cormack and
Yager's Taxonomy group. Since the mean of post36s37 is greater
than that of the pre test mean 20.89, it is infétieat instruction based
on Mc Cormack and Yager's Taxonomy is effective developing

Scientific Creativity.
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Figure 16. Graphical Representatioshowing Pre test and Post tt

Mean scores of Scientific eativity in Experimental Grougll

Comparison between the Mean Gain Scores of Scientific Creatiy

between Experimental Group | and Experimental Groupll

The difference between the Mean Gain res of the
Experimental group I(SOLO Taxonomy) and Experimei@aoup |l
(Revised Bloom’s Taxonomywere tested for significance by findii
the critical ratio, using IndependeSample‘t’ test. The data and resu

of the test of significance are giventhe table below.
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Table 25

Data and result oilPre test and Post tesbain scores of Scientif
Creativity of Experimental group SOLO and Experimental Group

(Revised Bloom’s)

Std. _
Tests Mean N o t Sig
Deviation
Revised Bloom’s
Taxonomy Based 9.44 70 6.51
Instruction 0.259 P>0.05
SOLO Taxonomy
9.15 70 6.4

based Instruction

The obtained‘t value is .259, which is not significant at 0.
level of significance. It means that, there exmissignificant differenc
between Mean Gain Scores Revised Bloom’s Taxonomy Group a

SOLO TaxonomyGroup in their Scientific Creativity

O R, NWPAUIOONOOWOO

Revised Bloom’s Taxonomy  SOLO Taxonomy based
Based Instruction Instruction

Figure 17. Graphical Representation showing Pre test and Rest
Gain scores of Scientific Creativity among Expentaé group |

(SOLO) and Experimental Groug (Revised Bloom’s Taxonon
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Comparison between the Mean Gain Scores of ScientifCreativity
among Experimental group Il and Experimental Groupl I

The difference between the mean gain scores dExperimental
group Il (Revised Bloom’s Taxonomy) and Experimé@eoup Il (Mc
Cormack and Yager's Taxonomy) were tested for &mpmce by
finding the Critical Ratio, using Independent sasftpltest. The data

and results of the test of significance were givetine table below.

Table 26

Data and result of Pre test and Post test Gain ssoof Scientific

Creativity among Experimental group Il and Expenita Group |1

Std. _
Tests Mean N o t Sig
Deviation
Revised
9.15 70 6.4
Bloom'’s
3.94 P<0.01
Mc Cormack
14.4 70 9.25
and Yager's

The obtained't’ value is 3.94, which is signifi¢at 0.01 level of
significance that means there exists a signifiagifference between
mean gain scores in Revised Bloom’s and Mc Corneautk Yager's
Taxonomy group. Since the mean gain of Mc Cormautt #ager’'s
Taxonomy group, 14.4 is greater than that of thammgain of Revised
Bloom’s 9.15, it is inferred that students from Kormack and Yager’'s

Taxonomy group have high gain in their Scientifre&tivity score.
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Figure 18 Graphical Representation shovg Pre test and Post te
Gain scores of Scientific Creativity among Expentaé Group Il and

Experimental Group |

Comparison between the Mean Gain Scores of Scientific Creatiyi
among Experimental group Il and Experimental Groupl I

The difference between the Mean Gain Scores of
Experimental group ISOLO Taxonomy and Experimental Group |
(Mc Cormack andrager’s Taxonomy)were tested for significance |
finding the Critical Ratio, using independesample ‘t'test. The dat

and results of the test of significance were givethm table belov
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Table 27

Data and result oilPre test and Post tesbain scores of Scientif

Creativity among Experimental group | and ExperitaéGroup I

Std.

Tests Mean N o t Sig
Deviation

SOLO Taxonomy
Group

Mc Cormack and 3.72 P<0.01
Yager’s 144 70 6.51

Taxonomy Group

944 70 9.25

The obtained‘t value is 3.72, which is highly significant at O.
level of significance. It means that, there exsstsignificant differenc
between mean gain scores amSOLO and Mc CormackndYager’s
Taxonomygroup. Since the mean gain Mc Cormackand Yager’s
Taxonomygroup 14.4, is greater than that of the mean gaiS@LO
9.4, it is inferred that students frorMc Cormack and Yager's

Taxonomygroup have high gain in their Scientific Creativstyore

16
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10

o

S

o N

SOLO Taxonomy Group Mc Cormack and Yager’s
Taxonomy Group

Figure 19 Graphical Representation showing Pre test Post test
Gain scores of Scientific Creativity among Expentaé Group Il and

Experimental Group |
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Comparison of Effectiveness of Instructions based no Revised
Bloom's Taxonomy, SOLO Taxonomy, and Mc Cormack and
Yager's Taxonomy on Scientific Creativity of secondry school
students

In this section investigator compared the post txire for
Scientific Creativity of the secondary school studen the three groups
using Univariate Analysis. Here the investigatookiqre test as co-
variate. Following tables show the results.
Table 28
Data and Results of the Univariate analysis, fatitey the Effectiveness
of Instructions based on Revised Bloom’s Taxon@®L,O Taxonomy,
and Mc Cormack and Yager's Taxonomy on Scientifieatvity of

secondary school students

Type Il Sum Mean _
Source df F Sig.
of Squares Square
Pre test
Scientific 180.844 1 180.844 8.191 P<0.01
Creativity
Group 2219.142 2 1109.571 50.254
P<0.01
Error 4548.371 206 22.079
Total 203389.000 210

Above table shows the obtained ‘F’ for the erros@s25 which is
highly significant at 0.01 level of significance<@O01). It means that,
instructions based on Revised Bloom’s Taxonomy, @Olaxonomy,
and Mc Cormack and Yager’'s Taxonomy were effecibredeveloping

Scientific Creativity among secondary school stuslen
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The adjusted means of post test scores(x, y m@drssjidents in
the each experimental group were calculated. Titierence between
the adjusted y means was tested for significanbe. data for adjusted
means of post test scores of students in experahgrdaups were given

in the following table.
Table 29

Data for adjusted means of posttest scores foerfiific Creativity
among secondary school students who received ot&ins based on
Revised Bloom’s Taxonomy, SOLO Taxonomy, and Mom&aik and

Yager's Taxonomy

Groups N MXx My My t
SOLO

70 18.56 27.71 27.84 A-B 1.02
Taxonomy(A)
Bloom’s 70 19.17 28.61 28.66 B-C 9.13*
Taxonomy(B)

Mc Cormack 70 20.89 35.37 35.18 A-C 8.17*
and Yager’'s(C)

Total 210 19.54 30.5

Above table shows the adjusted post test mean sooeach
groups for the instructions based on Revised Blsohaxonomy, SOLO
Taxonomy, and Mc Cormack and Yager's Taxonomy orergific
Creativity of secondary school students. The adgusiean score of Mc
Cormack and Yager’s is 35.18, which is greater tienadjusted mean
score of SOLO Taxonomy 27.84, and Revised Blooméxohomy

28.66. In order to find out the significant meaffaiences among the
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each taxonomy investigator used pair wise compavrisollowing table

shows the pair wise comparison.
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Figure 20 Graphical Representation showing Pre test andt st
adjusted means of Scientific Creativity of ExperitaeGroup Il and

Experimental Group IlI
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Data and result of the significant mean differen@song Revised

Bloom’s Taxonomy, SOLO Taxonomy, and Mc Cormack\aager's

Taxonomy using Pair wise Comparisons

(I) group (J) group Mean Std. Sig.
Difference  Error
(I-9)
SOLO Revised Bloom’s
taxonomy Taxonomy .816 795 P>0.05
Mc Cormack and
Yager’s Taxonomy -7.339 802 P<0.01
Revised SOLO taxonomy
-.816 795 P>0.05
Bloom’s
Taxonomy Mc Cormack and
Yager’'s Taxonomy -6.523 798 P<0.01
Mc Cormack SOLO taxonomy .
7.339 .802 P<0.01
and Yager’s
Taxonomy Revised Bloom’s
6.523 798 P<0.01

Taxonomy

Above table shows, that the obtained mean differeisc not

significant between Revised Bloom’s with SOLO Taamoty is .816
(p>0.05) and Revised Bloom’'s with Mc Cormack and g#is

Taxonomy is 6.52. the differences are highly digant. In the case of

SOLO with Mc Cormack and Yager's Taxonomy also, tmean

difference (7.33) is highly significant. Among theean differences Mc

Cormack and Yager's Taxonomy have high differenoenmared to
SOLO and Revised Bloom’s. So it can be concluded khc Cormack
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and Yager's Taxonomy (35.18) is more effective éwalop Scientific
Creativity among secondary school students and toenes Revised
Bloom’s Taxonomy (28.66) for developing Scientifizeativity. From
the present study, it was found that SOLO Taxonaomes below the
other two taxonomies in developing Scientific Crnggt among
secondary school students. It can be representéow béhrough

estimated marginal mean plot.
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Revised Bloom's taxonomy SOLO Taxonomy Me Cormack and Yager Taxonomy

Group

Figure 21 Graphical Representation showing Estimated Marginal
Mean plot of Scientific Creativity of Experimentabroup |,

Experimental Group Il and Experimental Group Il
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Comparison of Metacognitive Awareness

Comparison of Metacognitive Awareness of Secondaryschool
Students in the Experimental Group | (SOLO Taxonomy,
Experimental Group Il (Revised Bloom's Taxonomy) aml

Experimental Group Il (Mc Cormack and Yager's Taxonomy)

After equating the group, the investigator admeristl pre test in
Scientific Attitude, Scientific Creativity, and Matognitive Awareness
among the three experimental groups. Then admiastentervention
strategy in each experimental group like Experime@roup | (SOLO
Taxonomy), Experimental Group Il (Revised Bloomaxénomy), and
Experimental Group Il (Mc Cormack and Yager’s Tagmy).After the
intervention investigator administered same tesp@s test in all the
groups. Then tabulated the scores in the pre tedtpost test and
condensed it in to the descriptive statistics @& f@st and post test for
analyzing the preliminary features of the dataldwahg tables shows
the descriptive statistics of the pre test and pestt scores of the each

group with regard to the learning outcome, MetadognAwareness.

Descriptive statistics of pre test scores of Metagaitive Awareness
of the Secondary school students in the ExperimentaGroup |

(SOLO Taxonomy), Experimental Group Il (Revised Blam’s
Taxonomy) and Experimental Group Il (Mc Cormack and Yager’'s

Taxonomy)
a) Before the experiment

Before starting the experiment, Metacognitive Awass test
was administered by the investigator as pre tesiltthe groups. Each
group consisting a total number of 70 students. Pphetest scores
obtained by the students in the three groups wemdensed into
arithmetic mean, median, mode, standard deviatmhskewness. This
was to get a general picture of the performancstudents in the three

groups before the experiment.
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Table 31

Descriptive statistics of Metacognitive Awarenessong secondary

school students before the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom’s Yager's
Taxonomy

Taxonomy Taxonomy

Mean 271.04 275.44 266.11

Median 279.50 284.00 271.00
Mode 268 285 265

Std. Deviation 30.270 27.185 28.924

Skewness -.565 -.748 -.683
Kurtosis 273 .074 .189

The maximum score being 330 for Metacognitive Aevass, the
obtained mean score in SOLO Taxonomy is 271.04j9edvBloom’s
Taxonomy group is 275.44, and that of Mc Cormackl afager’s
Taxonomy group is 266.11. All these values indiddteat, the average
Metacognitive Awareness of the students in eachgweas more or less

the same.

The median scores are 279.50, 284.00, and 27b0G®LO
Taxonomy, Revised Bloom’s Taxonomy, and Mc Cormax# Yager’'s
Taxonomy group students respectively, which indidathe middle
score of the Metacognitive Awareness in the grdupe median value

represent that 50% of the students are above dod liee value.

The mode value obtained for, SOLO Taxonomy, Relise
Bloom’s Taxonomy and Mc Cormack and Yager’'s Taxop@roup are

20, 18, and 28 respectively. These are the mostatew scores in the
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Metacognitive Awareness test. The standard dewviatib the SOLO
Taxonomy group is 30.20, Revised Bloom’s Taxononmgug is 27.18
and Mc Cormack and Yager's Taxonomy group is 28T%2se values

show the variations of scores in each group befarentervention.

The skewness obtained for the Revised RevisednB&oMc
Cormack, and Yager's Taxonomy and for SOLO Taxon@megative.
Kurtosis value of all the group are positive thaams, the distribution is
platykurtic. Graphical representation of Measuresamtral tendency is

shown below. The values of measures central terydapproaches to

SOLO Taxonomy Revised Revised Bloom’s Mc Cormack and Yager
Taxonomy Taxonomy

normality.
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Figure 22 Graphical Representation of Measures of CentraldBscy
of Pre test Scores of Metacognitive Awareness ef#dtondary school

students in the three experimental groups
b) After the Experiment

The same Metacognitive Awareness test was admiedstey the
investigator as post test to all the groups. Eacluig consisting a total
number of 70 students. The post test scores oltdipehe students in

three groups were condensed into Arithmetic Mearedish, Mode,
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Standard Deviation and Skewness. This was doneetoaggeneral
picture of the distribution.
Table 32

Descriptive statistics of Metacognitive Awarenessoag Secondary
School Students after the experiment

Revised Mc Cormack and
o SOLO
Statistics Bloom’s Yager’'s
Taxonomy
Taxonomy Taxonomy
Mean 322.24 310.29 297.21
Median 325.00 317.50 298.00
Mode 325 330 305
Std. Deviation 9.150 24.045 12.146
Skewness -1.953 -1.768 -1.636
Kurtosis 3.147 3.018 2.61

The maximum score being 330 for the Metacognitiveafeness,
the obtained mean score of SOLO Taxonomy groul2is23l, Revised
Bloom’s Taxonomy group is 310.29, and Mc Cormackl afager’s
Taxonomy group is 297.21. All these values ingidahat the students
from each group have different levels of MetacageidAwareness after
the experiment.

The Median scores obtained are 325.50, 317.50 282&l for
SOLO Taxonomy, Revised Bloom’s Taxonomy and Mc GCarknand
Yager's Taxonomy group students respectively, whitlicated the
middle score of the Metacognitive Awareness in ¢aeh group. The
median value represents that 50% of the studezgsaloove and below

the value.

The mode value obtained for SOLO Taxonomy, Revised

Bloom’s Taxonomy and Mc Cormack and Yager's Taxop@roup are
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325.00, 317.50 and 298.00 respectively. Mode valigmifies most
repeating scores in the Metacognitive Awarenest s Standard
Deviation of the SOLO Taxonomy Group is 9.15, RediBloom’s
Taxonomy group is 24.04, and Mc Cormack and Yag&ggonomy
group is 12.14. These values show that there imti@m of scores in

each group after the intervention.

Skewness obtained for Revised Bloom’'s Taxonomy, Mc
Cormack and Yager's Taxonomy and SOLO Taxonomypasitive.
And the Kurtosis value of all the groups is postithat means the
distribution is leptokurtic. Graphical represerdatiof Measures of

central tendency is shown below.
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Figure 23 Graphical Representation showing Measures of Céntra
Tendency of Post test Scores of Secondary Schaeér@s in the three

Experimental Groups

Effectiveness of Instructions Based on, SOLO Taxomay, Revised
Bloom’s Taxonomy, and Mc Cormack and Yager's Taxonmy on

Metacognitive Awareness of Secondary School Student

One of the purposes of this study is to compareetfextiveness
of instruction based on the SOLO, Revised Bloonmd &c Cormack

and Yager's Taxonomy on Metacognitive Awarenesssetondary
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school students. For this the investigator develop®llowing
hypothesis, and tested these hypotheses usingst; ¥’ test, such as
ANOVA and ANCOVA followed by adjusted post test.

1. There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtringion
based on SOLO Taxonomy), Experimental group Il ((ro
receiving instruction based on Revised Bloom’s Tepay) and
Experimental group 1l (Group receiving instructidmased on
Mc Cormack and Yagers Taxonomy) for Metacognitive
Awareness of secondary school students.

2. There will be no significant difference between thean post
test scores of Experimental group |, Experimentalug Il and
Experimental group Il for Metacognitive AwarenesH
secondary school students.

3. There will be no significant difference between thean pre test
and post test scores of Metacognitive Awareness of
Experimental group I.

4. There will be no significant difference between thean pre test
and post test scores of Metacognitive Awareness of
Experimental group I

5. There will be no significant difference between thean pre test
and post test scores of Metacognitive Awareness of
Experimental group IlI.

6. There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentaug | and
Experimental Group II.

7. There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentaug | and

Experimental Group II.
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8. There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentalug Il
and Experimental Group lIl.

Comparison of pre test scores of Metacognitive Awaness among
Experimental group | (Group receiving instruction based on SOLO
Taxonomy), Experimental group Il (Group receiving instruction
based on Revised Bloom’s Taxonomy) and Experimentgroup Il
(Group receiving instruction based on Mc Cormack ad Yager's
Taxonomy)

For this, the investigator compared all the pré $esres of each
experimental groups using One Way Analysis of faze&a The data and

results of the test of significance were givenhia table below.

Table 33

Data and result of pre test scores of Metacognif\wveareness in each
Experimental Group

Source of Sum of Mean '
' df F Sig.
variance Squares Square
Between
3049.038 2 1524.519
Groups
o 1.83 p>0.05
Within
171941.229 207 830.634
Groups
Total 174990.267 209

The obtained ‘F’ value is 1.83 which is not sigeafint at 0.05
level of significance (p>0.05). This shows thatréhés no significant
differences in the pre test mean scores among tidersts in each
experimental group. Therefore all the three expental groups do not

differ significantly in their Metacognitive Awarese. So it is inferred
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that, before the intervention three groups wereemar less same in

Metacognitive Awareness.

Comparison of post test scores in Metacognitive Awaness among
Experimental group |, Experimental group Il and Experimental

group Il

For this the investigator compared all the post $esres in each
experimental groups using One Way Analysis of fazé&a The data and

results of the test of significance were givenhia table below.
Table 34

Data and result of post test scores of Metacogmithwareness in the

each experimental group

Source of Sum of Mean
. df F Sig
variance Squares Square
Between
21939.514 2 10969.757
Groups
o 40.65 P<0.01
Within
55848.943 207 269.802
Groups
Total 77788.457 209

The obtained ‘F’ value is 40.65 which is signifitat 0.01 level
of significance (p<0.01). This shows that thera sgnificant difference
in the post test means scores of the studentseiredich experimental
group. Therefore the all the three experiment gsadiffer significantly
in their Metacognitive Awareness after the inteti@n So it is inferred
that after the intervention three groups differngigantly in their
Metacognitive Awareness. In order to find out timitial difference

among the three groups investigator used Schefehumz test.
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Table 35
Data and results of the Scheffe post hoc test lier difference in

Metacognitive Awareness

Group N Subset for alpha = 0.05
1 2 3
Mc Cormack and 70 297.21
Yager’s Taxonomy
Revised Bloom’s 70 310.29
Taxonomy
SOLO taxonomy 70 322.24

Above table shows that the obtained mean scor&fcdaformack
and Yager's Taxonomy is 297, SOLO taxonomy 322.2d Revised
Blooms Taxonomy is 310. So it is clear that SOLOxdreomy
significantly differ from Mc Cormack and Yager's X¥@omy and
Revised Bloom Taxonomy for Metacognition. It can tepresented

below through mean plot.
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Mean of Post test
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T T T
SOLO Taxononmy Revised Bloom's Taxonomy Mec Cormack and Yager Taxonomy

Group

Figure 24 Mean plot showing the difference in Metacognitive
Awareness of students in the experimental groupsiving instruction
based on three taxonomies
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Comparison between the mean pre test and post testores of

Metacognitive Awareness of Experimental Group |

The difference between the pre test and post tesihmscores of
the Experimental group | (SOLO Taxonomy) were tstior
significance by finding the Critical Ratio usingifeal Sample't’ test.
The data and results of the test of significanceevggven in the table

below.
Table 36

Data and result of Pre test and Post test scoresMetacognitive

Awareness in Experimental Group |

Std. _
Tests Mean N o r t Sig
Deviation

Pre test 271.04 70 30.270
.009 13.58 P<0.01
Post test 322.24 70 9.150

The obtained ‘t’ value is 13.58, which is highlgsificant at 0.01
level of significance. It means that, there exidignificant difference
between pre test and post test mean scores in @€ STaxonomy
group. Since the mean of post test 322.24, is gréhan that of the pre
test mean 271.04, it is inferred that instructicasdzl on the SOLO

Taxonomy is effective in developing the Metacogm®tAwareness.
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Figure 25 Graphical Representation showing pre test and post te

Mean scores of Metacognitivewareness in Experimental Grou

Comparison between the mean Pretest and Post testscores of

Metacognitive Awarenes among Experimental Group II.

The difference between the test and post testean scores (
the Experimental group I(Revised Bloom’s Taxonomyjyere tested fo
significance by finding the Critical Ratio usingigal sampl¢ ‘t’ test.
The data and redsl of the test of significance 're given in the tabl

below.
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Table 37

Data and result ofPre test and Post test scores Mietacognitive

Awarenessn Experimental Grou Il

Std. _
Tests Mear N o r t Sig
Deviation

Pre test 275.4¢ 70 27.185
.69 14.33 P<0.01

Posttest 310.2¢ 70 24.045

The obtainedt’ value is 14.33, which is highly signifint at 0.01
level of significanc. It means that, there exists arsfgcant difference
between pretest andpost test mean scores in tRevised Bloom’
Taxonomy group. Since the meanpost test 31@9 is greater than th
of pretest mean 275.44, it is inferred that instructicasdd on th
Revised Bloom’sTaxonomy is effective in developinrMetacognitive

Awareness.
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Figure 26: Graphical Representation showirpre test and post te

Mean scores of Metacognitive Awareness in Expetiah&roup |
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Comparison between the mean Pre test and Post testores of

Metacognitive Awareness of Experimental group 1.

The difference between the pre test and post tesihmscores of
the Experimental group Il (Mc Cormack and Yageraxonomy) were
tested for significance by finding the criticalicatusing paired sample
‘t’ test. The data and results of the test of digance were given in the

table below.

Table 38

Data and result of Pre test and Post test scoresMetacognitive

Awareness in the Experimental Group Il

Std.

Tests Mean N o r t Sig
Deviation

Pre test 266.11 70 28.924
.081 8.54 P<0.01

Post test 297.21 70 12.146

The obtained ‘t’ value is 8.54, which is highly sificant at 0.01
level of significance. It means that there exstsignificant difference
between pre test and post test mean scores in the&€€ddmack and
Yager's Taxonomy group. Since the mean of posta88t21 is greater
than that of the pre test mean 266.11, it is ief@that instruction based
on the SOLO Taxonomy is effective in developing &betgnitive

Awareness.
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Figure 27: Graphical Representation showing Pre testand Post tes

Mean scores of Metacognitive Awareness in Expefiah&roup I

Comparison betweel the Mean Gain Scores ofMetacognitive
Awarenessbetween Experimental group | and Experimental Group
Il

The difference between the Mean Gain Scores of
Experimental group SOLO Taxonomy) and Experimental Group
(Revised Bloom’sTaxonomy)were tested for significance by findil
the critical ratio, using IndependeSample‘t’ test. The data and rets

of the test of significance \re given in the table below.
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Table 39

Data and result of Pre test and Post test Gain esaf Metacognitive
Awareness of Experimental group | (SOLO) and Expenital Group I
(Revised Bloom)s

Std. _
Tests Mean N o t Sig
Deviation

SOLO
Taxonomy
based 51.2 70 31.54
Instruction
Revised 3.64 P<0.01
Bloom’s
Taxonomy 34.84 70 20.34
Based

Instruction

The obtained ‘t’ value is 3.64, which is signifitat 0.01 level of
significance; it means that there exists a sigaiftcdifference between
Mean Gain Scores of Revised Bloom’'s Taxonomy Granod SOLO
Taxonomy Group in their Metacognitive Awarenesse dhtained mean
score of SOLO taxonomy 51.2 is greater than thennseare of Revised
Bloom’s taxonomy 34.84. So it is inferred that snt$ from SOLO
group have high level of Metacognitive Awareness.
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Figure 28 Graphical Representation showirpre test and post te
Gain Scores of Metacognitive Awareness among Exerial group

(SOLQ and Experimental Group IRevised Bloom’s)

Comparison between the Mean Gain Scores oMetacognitive
Awarenessamong Experimental Croup Il and Experimental Group
1l

The difference between the mean gain scores (Experimenta
group Il Revised Bloom’ Taxonomy) and Experimental Group IMc
Cormack and Yager's Taxonomywere tested for significancby
finding the Critical Ratio, sing Independent Sample‘tést. The dat

and results of the test of significance were givetine table belov
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Table 40

Data and result of pre test and post test gain esarf Metacognitive

Awareness among Experimental group Il and Expertedésroup Il

Std. _
Tests Mean N o t Sig
Deviation
Revised
34.84 70 20.34
Bloom’s
Mc Cormack .85 P>0.05
and Yager's 31.1 70 30.45

The obtained‘t’ value is .85, which is not sigoaint at 0.05 level
of significance. It means that there exists no ifigant difference
between gain mean scores in the Revised Bloom’'svam@ormack and
Yager's Taxonomy group. Since the mean gain of Men@ck and
Yager's Taxonomy group and the mean gain of RevBledm’s are
more or less same, it is inferred that studentsnfddc Cormack and
Yager's Taxonomy group and Revised Bloom’s haveoatnrsame level

of mean gain in their Metacognitive Awareness score
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Figure 29 Graphical Representation showipre test and post tegain
scores of Metacognitive Awareness among Experirh@&rtzup Il and

Experimental Group |

Comparison between he Mean Gain Scores ofMetacognitive
Awarenessof Experimental group | and Experimental Group IlI
The dfference between the Mean G Scores of the
Experimental group ISOLO Taxonomy and Experimental Group |
(Mc Cormackand Yager's Taxonomywere tested for significance |
finding the Critical Rtio, using independent sample tést. The dat

and results of the test of significance were givetine table belov
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Data and result of pre test and post test gain esarf Metacognitive

Awareness among Experimental group | and Experiaiétoup Il

Tests

Std.

Mean N o t
Deviation

Sig

SOLO
Taxonomy

Group

Mc Cormack
and Yager's
Taxonomy

Group

51.2 70 31.54

3.83

31.1 70 30.45

P<0.01

The obtained ‘t’ value is 3.83, which is highly sificant at 0.01
level of significance. It means that there existsigmificant difference

between mean gain scores among SOLO and Mc CoraratRk/ager’'s

Taxonomy group. Since the mean gain of SOLO Taxgngraup 51.2,
is greater than that of the mean gain of Mc Cornauk Yager's 31.1, it
is inferred that students from SOLO Taxonomy grbage high gain in

their Metacognitive Awareness score.
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Figure 30 Graphical Representation showing pre and post tes
gain scores of Metacognitive Awareness an Experimental Group |

and Experimental Group |

Comparison of Effectiveness of Instructions based orRevised
Bloom’'s Taxonomy, SOLO Taxonomy, and Mc Cormack and
Yager's Taxonomy on Metacognitive Awareness of secondary
school students

In this sectioninvestigator compared the padstst score of th
Metacognitive Awarene of secondary school students in the tt
groups using Univariate nalysis. Here the investigator togkre test as

co-variate. Following tables shcthe results.
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Table 42

Data and Results of the Univariate analysis, fatitey the Effectiveness
of Instructions based on Revised Bloom’s Taxon&@®,O Taxonomy,
and Mc Cormack and Yager's Taxonomy for MetacogmiAwareness

of secondary school students

Type Il
Mean .
Source Sum of df F Sig.
Square
Squares
Pre test
Metacognitive 6449.510 1 6449.510 26.895 P<0.01
Awareness
Group 20225.239 2 10112.619 42.171P<0.01
Error 49399.433 206 239.803
Total 20247630.00 210

Above table shows the obtained ‘F’ for the erro42s17 which is
highly significant at 0.01 level of significance<@O01). It means that
instructions based on Revised Bloom’s Taxonomy, @Olaxonomy,
and Mc Cormack and Yager’'s Taxonomy were effecibredeveloping
Metacognitive Awareness among secondary schooéstad

The adjusted means of post test scores (x, y medissidents in
the each experimental group were calculated. THerdnce between
the adjusted y means was tested for significanbe. data for adjusted
means of post test scores of students in experahant control groups

were given in the following table.
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Table 43

Data for adjusted means of post test scores fortabbgnitive
Awareness among secondary school students whoveecaistructions
based on Revised Bloom’s Taxonomy, SOLO Taxonony, Mc

Cormack and Yager's Taxonomy

Groups N Mx My My t

SOLO

Taxonomy 70 271.04 322.24 32242 A-B 4.88*
(A)

Revised

Bloom’s 70 275.44 310.29 309.73 B-C 9.18*
Taxonomy(B)

Mc Cormack

and 70 266.11 297.21 298.15 A-c 4.26*
Yager's(C)

Total 210 270.86 309.11

*significant at 0.01

Above table shows, the adjusted post test meam sedhe each
group for instructions based on Revised Bloom’s drexny, SOLO
Taxonomy, and Mc Cormack and Yager's Taxonomy onalgnitive
Awareness of secondary school students. The adjustsan score of
SOLO Taxonomy is 322.42, which is greater than dabgisted mean
score of Revised Bloom’s Taxonomy 309.73, and Mcan@ek and
Yager's Taxonomy 298.15. In order to find out thgndgicant mean
differences among the each taxonomy investigatad upair wise

comparison. Following table shows the pair wise parison.
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Figure 31 Graphical Representation showing pre test andt gest
adjusted means of Metacognitive Awareness amongeriaxgntal

Group Il and Experimental Group Il

Table 44
Data and result of the significant mean differenaesong the Revised
Bloom’s Taxonomy, SOLO Taxonomy, and Mc Cormack\aager's

Taxonomy using Pair wise Comparisons

(1) group (J) group Mean Std. Sig.
Difference Error

(I-J)

SOLO Revised Bloom’s

taxonomy Taxonomy

12.809 2.623 P<0.01

Mc Cormack and
24.074 2.624 P<0.01
Yager's Taxonomy

Revised SOLO taxonomy -12.809 2.623 P<0.01
Bloom’s Mc Cormack and

11.265 2.641 P<0.01
Taxonomy Yager's Taxonomy
Mc Cormack  SOLO taxonomy -24.074 2.624 P<0.01

and Yager’'s Revised Bloom’s
-11.265 2.641 P<0.01
Taxonomy Taxonomy
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Above table shows, that the obtained mean differens
significant between SOLO Taxonomy with Revised Bi® is 12.80
and SOLO with Mc Cormack and Yager's Taxonomy is0Z4 Both
differences are highly significant. In the caseReivised Bloom’s with
Mc Cormack and Yager's Taxonomy, also the mearedkfice (11.26)
is highly significant. Among the mean differences IMormack and
Yager's Taxonomy have high difference compared ©LS and
Revised Bloom’s. So it can be concluded that SOla®ohomy is more
effective to develop Metacognitive Awareness amsagpndary school
students and then comes Mc Cormack and Yager'sntamg and then
Revised Bloom’s Taxonomy. From the present studg, found that Mc
Cormack and Yager's Taxonomy comes below the otheo
taxonomies in developing Metacognitive Awarenes®rmgnsecondary
school students. It can be represented below thresgmated marginal
mean plot.
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Group

Cowvariates appearing in the model are evaluated at the following values: Fre-test Meta cognitive = 270.67

Figure 32 Graphical Representation showing Estimated Maagin
Mean Plot of Metacognitive Awareness of Experimer@aoup |

Experimental Group Il and Experimental Group Il
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Summary, Findinge and Suggestions

This chapter gives summary of important findingsnausions
and tenability of hypothesis, suggestions for imprg science
education and suggestions for further research.maim focus of this
chapter is the major findings, conclusions, edocati implications of

the study and suggestions for further research.
Restatement of the problem

The problem of the present study is entiEEFECTIVENESS
OF AN INSTRUCTION BASED ON SOLO TAXONOMY,
REVISED BLOOM'S TAXONOMY AND Mc CORMACK AND
YAGER’'S TAXONOMY ON CERTAIN LEARNING OUTCOMES
OF SECONDARY SCHOOL STUDENTS".

Hypotheses of the Study
Hypotheses of the study were formulated as follows:

1. There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il (@®ro
receiving instruction based on Revised Bloom’s Texuy) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Attleu of
secondary school students.

2. There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Attitude ofesondary

school students.
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3. There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Expental group
l.

4. There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Expental group
I

5. There will be no significant difference between thean pre test
and post test scores of Scientific Attitude of Expental group
1.

6. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group II.

7. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental groupand
Experimental Group II.

8. There will be no significant difference between thean gain
scores of Scientific Attitude of Experimental grodp and
Experimental Group III.

9. There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il (@®ro
receiving instruction based on Revised Bloom’s Texuy) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Scientific Creigyi of
secondary school students.

10.There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Scientific Creativity afecondary

school students.
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11.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpE&smental
group |.

12.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpE&smental
group II.

13.There will be no significant difference between thean pre test
and post test scores of Scientific Creativity ofpEsmental
group llI.

14.There will be no significant difference between tinean gain
scores of Scientific Creativity of Experimental gpol and
Experimental Group II.

15.There will be no significant difference between tinean gain
scores of Scientific Creativity of Experimental gpol and
Experimental Group II.

16.There will be no significant difference between tinean gain
scores of Scientific Creativity of Experimental gpoll and
Experimental Group III.

17.There will be no significant difference between thean pre test
scores of Experimental group | (Group receivingtrungion
based on SOLO Taxonomy), Experimental group Il (®ro
receiving instruction based on Revised Bloom’s Texuy) and
Experimental group Il (Group receiving instructibased on Mc
Cormack and Yager's Taxonomy) for Metacognitive Aeraess
of secondary school students.

18.There will be no significant difference between thean post test
scores of Experimental group |, Experimental grdupand
Experimental group Il for Metacognitive Awarenessf

secondary school students.

202



Summany, Findinge and Suggestions

19.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsperimental
group 1.

20.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsperimental
group II.

21.There will be no significant difference between thean pre test
and post test scores of Metacognitive Awarenegsxperimental
group llI.

22.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentauig | and
Experimental Group II.

23.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentauig | and
Experimental Group II.

24.There will be no significant difference between thean gain
scores of Metacognitive Awareness of Experimentauig Il and

Experimental Group III.

Objectives of the Study

1. To find out the effectiveness of instructions basedSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormacé a
Yager's Taxonomy on Scientific Attitude of secondachool
students.

2. To find out the effectiveness of instructions basedSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormacét a
Yager’s Taxonomy on Scientific Creativity of secangischool

students.
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3. To find out the effectiveness of instructions basedSOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormacét a
Yager's Taxonomy on Metacognitive Awareness of adaoy
school students.

4. To compare the effectiveness of instructions base®&OLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormacé a
Yager's Taxonomy on Scientific Attitude, ScientifGreativity,

and Metacognitive Awareness of secondary schodesiis.

Methodology

Experimental method was adopted for the preserdystiihe

population of the study was the secondary schoolesits of Kerala.
Sample

The present study was conducted on a sample o@d@nts of
standard VIII drawn from three schools of Changaeag. The schools
selected for the study are NSS Boys High schoaluif&, NSS Girls
High School Perunna and NSS HSS Kidangoor. Amorg 280
students of Experiment group, 70 students werdeteaith instruction
based on SOLO Taxonomy (Experimental Group | ) &@0dwere
treated with instruction based on Revised Bloom’'§axonomy
(Experimental group 1) and the others were treatgth instruction

based on Mc Cormack and Yager's Taxonomy (Experiadgmoup III).
Tools used for the study
The following tools were used in the experimentatio

1. Raven’s standard progressive matrices
2. Scientific Attitude Scale (Meera and Revati,2016)

3. Metacognitive Awareness Inventory (Meera and Re2@ii6)
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4. Scientific Creativity Test (Weiping Hu and Philipég 2002)

5. Lesson transcripts based on SOLO Taxonomy (Meer an
Revati,2016)

6. Lesson transcripts based on Revised Bloom’'s Taxgn@ieera
and Revati,2016)

7. Lesson transcripts based on Mc Cormack and Yageenomy
(Meera and Revati,2016)

Statistical Techniques employed

» Descriptive statistics like Mean, Median, Mode, rstard
deviation

» Test of significance of difference between the nseaares of
three dependent groups

* Analysis of Variance (ANOVA) followed by Sheffe gdsoc test

* Analysis of Co- Variance (ANCOVA)

FINDINGS OF THE STUDY

1. To find out the effectiveness of an instruction basd on SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormack rad
Yager's Taxonomy on Scientific Attitude of secondar school

students.

Instructions based on SOLO taxonomy, Revised Blesom’
Taxonomy and Mc Cormack and Yager's Taxonomy isctive for the
development of Scientific Attitude among Secondsehool students.

This conclusion is arrived based on the followitagistical inference.

While comparing the pre test and post test meamesdbe
obtained't’ value is 6.82, in the experimental Gooly 10.45 for the
experimental Group Il and 18.09, for experimentedup Ill. All the ‘t’

205



Summany, Findinge and Suggestions

values are significant at 0.01 levels of significan Considering the
mean gain scores of Scientific Attitude for Expesntal group |
(SOLO) and Experimental Group Il (Revised Bloontlsg¢ ‘t’ value is
2.34, and gain scores of Scientific Attitude forpExmental group Il
and Experimental Group lll, the obtained ‘t’ vali® 9.74 and gain
scores of Scientific Attitude for Experimental gpouand Experimental
Group 1l the ‘t" value is 4.33. All these't’ valuare significant. And
obtained ‘F’ for the Error is 46.723 which is highgignificant at 0.01
level of significance (p<0.01), more over the ohémi mean difference
between Revised Bloom’s Taxonomy with SOLO Taxonas$1.193
and Revised Bloom’s Taxonomy with Mc Cormack andgefés
Taxonomy is 27.02. Both differences are highly gigant. In the case
of SOLO with Mc Cormack and Yager's Taxonomy, atbe mean
difference (15.83) is highly significant. Among tineean differences,
Mc Cormack and Yager's Taxonomy have high diffeeenompared to
SOLO and Revised Bloom's. So it can be concluded ffhc Cormack
and Yager’'s Taxonomy is more effective to develoeftific Attitude
among secondary school students and then comes J@k@homy for
developing Scientific Attitude. These findings comf the conclusions
of Neil and Rita (2011). From the present studywés found that
Revised Bloom’s Taxonomy comes below the other tawxmnomies in

developing Scientific Attitude among secondary stlstudents.

From this statistical observation, it can be codelll that Mc
Cormack and Yager's Taxonomy is highly effective develop
Scientific Attitude among secondary school studearid then comes
SOLO Taxonomy.
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2. To find out the effectiveness of instructions basesh SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormackda
Yager's Taxonomy on Scientific Creativity of secargl school
students.

Instructions based on SOLO taxonomy, Revised Blesom’
Taxonomy and Mc Cormack and Yager's Taxonomy ieaive to
develop Scientific Creativity among secondary sthstadents. This
conclusion was arrived based on the following staal inference.

While comparing the pre test and post test meamesdbe
obtained ‘t’ value is 11.87 in the experimental Gvd ,the obtained ‘t’
value is 12.12, in experimental Group Il, and theamed ‘t’ value is
13.04, for experimental Group lll. All the ‘t’ vadg are significant at
0.01 level of significance. The mean gain scorerex®f Scientific
Creativity of Experimental group | (SOLO) and Expegntal Group Il
(Revised Bloom’s), the ‘t' value is .259, which ot significant
(p>0.05) and gain scores of Scientific Creativitygxperimental group
Il and Experimental Group lll, the obtained ‘t'lua is 3.94 and gain
scores of Scientific Creativity of Experimental gpol and Experimental
Group lll, the ‘t" value is 3.72. Both ‘t’ valuesese significant. And
obtained ‘F’ for the Error is 50.25 which is hightygnificant at 0.01
level of significance (p<0.01). Moreover the ob&irmean difference is
significant between Revised Bloom’s Taxonomy witBL® Taxonomy
(.816) and Revised Bloom’s Taxonomy with Mc Cormagid Yager’s
Taxonomy is 6.52. Both differences are highly digant. In the case of
SOLO with Mc Cormack and Yager's Taxonomy also, timean
difference (7.33) is highly significant. Among theean differences Mc
Cormack and Yager's Taxonomy have high differenoenmared to
SOLO and Revised Bloom’s Taxonomy. This findingosorts the
results of David (2011) and Uger (2015). So i t@ concluded that

Mc Cormack and Yager's Taxonomy is more effective develop
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Scientific Creativity among secondary school stuslemnd then comes
Revised Bloom’s Taxonomy. From the present studwas found that
SOLO Taxonomy comes below the other two taxononmeteveloping

Scientific Creativity among secondary school stuslen

From this statistical observation, it can be codetli that Mc
Cormack and Yager's Taxonomy is more effectivedoalop Scientific
Creativity among secondary school students followsd Revised

Bloom’s Taxonomy and SOLO Taxonomy.

3. To find out the effectiveness of instructions base&h SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormaahkd
Yager's Taxonomy on Metacognitive Awareness of setary

school students.

Instructions based on SOLO taxonomy, Revised Bleom’
Taxonomy and Mc Cormack and Yager's Taxonomy ieaife to
develop Metacognitive Awareness among secondargad students.

This conclusion was arrived based on the follovatagistical inference.

While comparing the pre test and pest tmean score, the
obtained't’ value is 13.58, in the Experimental (ud, the obtained ‘t’
value is 14.33 for the Experimental Group Il and ditained ‘t" value
Is 8.54, for experimental Group Ill. All the ‘t’ iges are significant at
0.01 level of significance (p<0.01). The mean gagore scores of
Metacognitive Awareness of Experimental group | (8) and
Experimental Group Il (Revised Bloom’s), the ‘t'lua is 3.64, and gain
scores of Metacognitive Awareness of Experimentadug Il and
Experimental Group lll, the obtained ‘t'" value i85 which is not
significant (p>0.05) and gain scores of MetacogaitAwareness of

Experimental group | and Experimental Group Il thealue is 3.83 ;
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both ‘t’ values are significant. The obtained ‘lor fthe Error is 42.17,
which is highly significant at 0.01 level of sigigiince (p<0.01).
Moreover the obtained mean difference is significaetween SOLO
Taxonomy with Revised Bloom’s Taxonomy is 12.80d &OLO with

Mc Cormack and Yager's Taxonomy is 24.07. Both edéhces are
highly significant. In the case of Revised Blooritaxonomy with Mc
Cormack and Yager's Taxonomy also, the mean difieze(11.26) is
highly significant. Among the mean differences Mor@ack and
Yager's Taxonomy have high difference compared ©LS and

Bloom’s. So it can be concluded that SOLO Taxonoimyhighly

effective to develop Metacognitive Awareness amsagpndary school
students and then Mc Cormack and Yager's Taxononty Revised
Bloom's Taxonomy which have same level of Metacbgei

Awareness. From the present study, it is found atCormack and
Yager's Taxonomy comes below the other two taxomsmin

developing Metacognitive Awareness among seconsigrgol students.
These findings confirm the conclusions of Mirand®(Q8), Carolyn
(2009), Brown (2013) and Canfield (2016).

From this statistical observatioh,can be concluded that
SOLO Taxonomy is highly effective to develop Metgoiive
Awareness among secondary school students andRiévsed Bloom's

Taxonomy followed by Mc Cormack and Yager's Taxoyom

4. To compare the effectiveness of instructions baseon SOLO
taxonomy, Revised Bloom’'s Taxonomy and Mc Cormacland
Yager's Taxonomy on Scientific Attitude, Scientific Creativity

and Metacognitive Awareness of secondary school skents.

Instructions based on SOLO taxonomy, Revised Bleom’
Taxonomy and Mc Cormack and Yager's Taxonomy wésctVe to

develop Scientific Attitude, Scientific Creativitagnd Metacognitive
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Awareness among secondary school students. Th@dusion is arrived

based on the following statistical inference.

The obtained ‘F’ for the Error of Scientific Attidle is 40.69,
Scientific Creativity is 53.67 and Metacognitive Areness is 40.65,
which are highly significant at 0.01 level of siigance (p.<0.01). That
means after the intervention of instructions basedRevised Bloom'’s
Taxonomy, SOLO taxonomy, and Mc Cormack and YagEasonomy;
it was proved that these taxonomies are effectioe developing
Scientific Attitude, Scientific Creativity and Metagnitive Awareness
among secondary school students. More over alhtban difference is
significant except Revised Bloom’s Taxonomy with L&D taxonomy
(p>0.05) in the case of Scientific Creativity. Thateans all the
taxonomy is effective for developing Scientific Witle, Scientific
Creativity and Metacognitive Awareness. Mc Cormamtd Yager's
Taxonomy is the most effective taxonomy to depelScientific
Attitude among secondary school students and thmmes SOLO
Taxonomy for developing Scientific Attitude. It feund that Revised
Bloom's Taxonomy comes below the other two taxoresmiin
developing Scientific Attitude among secondary sthstudents. Mc
Cormack and Yager's Taxonomy is effective to depeldcientific
Creativity among secondary school students and toenes Revised
Bloom’s Taxonomy for developing Scientific Creayv It is found that
SOLO Taxonomy comes below the other two taxononmeteveloping
Scientific Creativity among secondary school stislenSOLO
Taxonomy is highly effective to develop MetacogretiAwareness
among secondary school students and then comesdgeBloom’s
Taxonomy and Mc Cormack and Yager's Taxonomy wihahe almost

same level of Metacognitive Awareness. It was fotirad Mc Cormack
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and Yager's Taxonomy comes below the other two naraes in

developing Metacognitive Awareness among secorstargol students.
Tenability of the Hypothesis

The tenability of hypotheses was examined in thétliof the

above findings. The details are as follows.

1. The first hypothesis states that there will be no ignificant
difference between the mean Pre test scores of Expeental
group | (Group receiving instruction based on SOLO
Taxonomy), Experimental group Il (Group receiving instruction
based on Revised Bloom’s Taxonomy) and Experimeritgroup
[l (Group receiving instruction based on Mc Cormadk and
Yager's Taxonomy) for Scientific Attitude of seconary school

students.

Data and result of pre test scores of Scientifittdde in each
Experimental Group shows that the obtained ‘F’ gaki1.44, which is
not significant at 0.05 level of significance (p&®). This shows that
there is no significant differences in the pre tastin scores among the
students in each experimental group. Therefore thk three
experimental groups do not differ significantly their Scientific
Attitude. So it is inferred that, before the intemion, three groups
were more or less same in Scientific Attitude. e hypothesis is
accepted; that means there is no difference amioagrmean pre test
scores of Experimental group | (Group receivingringion based on
SOLO Taxonomy), Experimental group Il (Group reasgvinstruction
based on Revised Bloom’s Taxonomy) and Experinhegraup Il
(Group receiving instruction based on Mc Cormaclkd arager’s

Taxonomy) for Scientific Attitude of secondary sohstudents.
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2. There will be no significant difference between thenean post test
scores of Experimental group I, Experimental groupll, and
Experimental group Il for Scientific Attitude of secondary

school students.

The obtained ‘F’ value is 40.69 which is signifitat 0.01 level
of significance (p<0.01). This shows that thersignificant difference
in the post test means scores of Scientific Atgétudeach experimental
group. Therefore the all three experiment groupedsignificantly in
their Scientific Attitude after the interventiono 8 is inferred that after
the intervention three groups differ in Scientifttitude. So the
hypothesis is rejected that there will be no sigant difference among
the mean post test scores of Experimental grou@rbyp receiving
instruction based on SOLO Taxonomy), Experimentalug Il (Group
receiving instruction based on Revised Bloom’'s Temy),
Experimental group Il (Group receiving instructidmased on Mc
Cormack and Yager's Taxonomy) for Scientific Att& among

secondary school students .

3. There will be no significant difference between thenean pre test
and post test scores of Scientific Attitude of Expanental group
I

Data and result of pre test and post test scorent8ic Attitude
in Experimental Group | shows that the obtained&fue is 6.82, which
is highly significant at 0.01 level of significancEhat means there exist
a significant difference between pre test and pEsttmean scores in the
SOLO Taxonomy group. Since the mean of post tet,0B is greater
than that of the pre test mean 158.66; it is imfémhat instruction based
on the SOLO Taxonomy is effective in developing t8eientific

Attitude. So the hypothesis, there will be no digant difference
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between the mean pre test and post test scoresiafitific Attitude of

Experimental group Il is rejected.

4. There will be no significant difference between thenean pre test
and post test scores of Scientific Attitude of Expanental group
Il

Data and result of pre test and post test scoreScadntific
Attitude in Experimental Group Il shows thiie obtained ‘t' value is
10.45, which is highly significant at 0.01 levelagnificance. It means
that there exists a significant difference betwpen test and post test
mean scores in the Revised Bloom’s Taxonomy gr8imce the mean
of post test 167.47 is greater than that of pré tesan 152.96, it is
inferred that instruction based on the Revised BisoTaxonomy is
effective in developing Scientific Attitude. So thgpothesis, there will
be no significant difference between the mean pst &nd post test

scores of Scientific Attitude of Experimental graligs rejected.

5. There will be no significant difference between thenean pre test
and post test scores of Scientific Attitude of Expanental group
1]

Data and result of pre test and post tesbres of Scientific
Attitude in the Experimental Grouf shows that theobtained ‘t’ value
is 18.09, which is highly significant at 0.01 lewlsignificance; which
means, there exists a significant difference betvpee test and post test
mean scores in the Mc Cormack and Yager’'s Taxonagnyup. Since
the mean of post test 195.67, is greater thandh#te pre test mean
155.79, it is inferred that instruction based oa 80LO Taxonomy is

effective in developing Scientific Attitude. Scethypothesis, there will
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be no significant difference between the meume test and post test

scores of Scientific Attitude of Experimental grdligs rejected.

6. There will be no significant difference between themean gain
scores of Scientific Attitude of Experimental group | and
Experimental Group Il

Data and result of pre test and post tgggh scores of Scientific
Attitude of Experimental group | (SOLO) and Expeemal Group Il
(Revised Bloom’s) shows that the obtained ‘t' vala€2.34, which is
highly significant at 0.05 level of significanceathmeans, there exists a
significant difference between mean gain scorefRRevised Bloom’s
Taxonomy Group and SOLO Taxonomy Group. Since thanmmgain of
SOLO Taxonomy group, 22.81 is greater than thahefmean gain of
Revised Bloom’s Taxonomy 14.51; it is inferred tlstidents from
SOLO Taxonomy group have high gain in their Scfen#ttitude. So
the hypothesis, there will be no significant diéflece between the mean
Gain scores of Scientific Attitude of Experimentgtoup | and

Experimental Group Il is rejected.

7. There will be no significant difference between themean gain
scores of Scientific Attitude of Experimental group Il and

Experimental Group lIl.

Data and result of pre test and post ggEh scores of Scientific
Attitude among Experimental group Il and ExperinaénGroup Il
shows that the obtained ‘t’ value is 9.74, whichnighly significant at
0.01 level of significance. That means; there exiat significant
difference between mean gain scores among the &kvdoom’s
Taxonomy and Mc Cormack and Yager's Taxonomy grcéipce the

mean gain of Mc Cormack and Yager's Taxonomy grag®38 is
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greater than that of the mean gain of Revised Blsdraxonomy 14.51,
it is inferred that students from Mc Cormack andg&i@s Taxonomy
group have high gain in their Scientific Attitudeose. So the
hypothesis, there will be no significant differencetween the mean
gain scores of Scientific Attitude of Experimentgtoup Il and

Experimental Group Il is rejected.

8. There will be no significant difference between thenean Gain
scores of Scientific Attitude of Experimental group | and

Experimental Group IlI

Data and result of pre test and post gggh scores of Scientific
Attitude among Experimental group | and Experimer@oup Il
shows that the obtained ‘t’ value is 4.33, whichnighly significant at
0.01 level of significance. That means there exiatssignificant
difference between mean gain scores of SOLO andChitnack and
Yager's Taxonomy group. Since the mean gain of Men@ack and
Yager’'s Taxonomy group 39.88, is greater than dfidhe mean gain of
SOLO, 22.81; it is inferred that students from Mar@ack and Yager’'s
Taxonomy group have high gain in their Scientifititide score. So the
hypothesis, there will be no significant differencetween the mean
gain scores of Scientific Attitude of Experimentgloup | and

Experimental Group Il is rejected.

9. There will be no significant difference between thenean pre test
scores of Experimental group | (Group receiving inguction
based on SOLO Taxonomy), Experimental group Il (Grap
receiving instruction based on Revised Bloom’s Tanomy) and
Experimental group Il (Group receiving instruction based on
Mc Cormack and Yager's Taxonomy) for Scientific Crativity

of secondary school students
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Data and result of pre test scores of Scientifiea@vity in each
Experimental Group shows théite obtained ‘F’ value is 2.18, which is
not significant at 0.05 level of significance (p6%). This shows that
there is no significant differences in the pret tasan scores of students
in each experimental group. Therefore all the tlegeerimental groups
do not differ significantly in their Scientific Caévity. So it is inferred
that, before the intervention, three groups wereenw less same in
Scientific Creativity. So the hypothesis is accdpthat means there is
no difference among the mean pre test scores oéritmpntal group |
(Group receiving instruction based on SOLO TaxonprExperimental
group Il (Group receiving instruction based on Red Bloom’s
Taxonomy) and Experimental group Il (Group recegyviinstruction
based on Mc Cormack and Yager's Taxonomy) for SifierCreativity

among secondary school students.

10.There will be no significant difference between thanean post
test scores of Experimental group |, Experimental gup I, and
Experimental group Il for Scientific Creativity of secondary

school students.

Data and result of post test scores of Scientifiea@vity in the
each experimental group shows that the obtainedvdiie is 53.67
which is significant at 0.01 level of significange<0.01). This shows
that there is a significant difference in the pest means scores of the
students in the each experimental group. Theretbee all three
experiment groups differ significantly in their sotific Creativity after
the intervention . So it is inferred that after theervention three groups
differ significantly in their Scientific CreativitySo the hypothesis is
rejected that, there will be no significant diffiece among the mean

post test scores of Experimental group | , Expeniiae group Il
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,Experimental group Il for Scientific Creativityf secondary school
students.

11.There will be no significant difference between thenean pre test
and post test scores of Scientific Creativity of Bxerimental
group I.

Data and result of pre test and post tesbres Scientific
Creativity in Experimental Group | shows that thigtained ‘t’ value is
11.87, which is highly significant at 0.01 level significance; that
means there exists a significant difference betwwertest and post test
mean scores in the SOLO Taxonomy. Since the meaosiftest 18.56
is greater than that of pre test mean 27.71,iitfexred that instruction
based on the SOLO Taxonomy is effective in develppScientific
Attitude. So the hypothesis, there will be no digant difference
between the mean pre test and postdestes of Scientific Creativity of

Experimental group Il is rejected.

12.There will be no significant difference between themean Pre
test and Post test scores of Scientific Creativitgf Experimental

group Il

Data and result of pre test and post test scoreScadntific
Creativity in Experimental Group | shows thtae obtained ‘t’ value is
12.12, which is highly significant at 0.01 level significance; that
means there exist a significant difference betwarentest and post test
mean scores of Revised Bloom’s Taxonomy groupcesthe mean of
post test score, 28.61 is greater than that optbdest mean 19.17, it is
inferred that instruction based on the Revised BisoTaxonomy is

effective in developing Scientific Creativity. Shet hypothesis, there
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will be no significant difference between the meae test and post test

scores of Scientific Creativity of Experimental gpoll is rejected.

13.There will be no significant difference between thenean pre test
and post test scores of Scientific Creativity of BExerimental

group il

Data and result of pre test and post tesbres Scientific
Creativity in the Experimental Group Il shows thae obtained ‘t’
value is 13.04, which is highly significant at 0.@¥el of significance,
that means there exists a significant differendevéen pre test and post
test mean scores among the Mc Cormack and Yades®nomy
group. Since the mean of post test 35.37, is grélasm that of the pre
test mean 20.89, it is inferred that instructiorsdzh on the SOLO
Taxonomy is effective in developing Scientific Adge. So the
hypothesis, there will be no significant differerween the mean pre
test and post tesicores of Scientific Creativity of Experimental gpo

[l is rejected.

14.There will be no significant difference between thenean gain
scores of Scientific Creativity of Experimental grap | and

Experimental Group Il

Data and result of pre test and post test gainescok Scientific
Creativity of Experimental group | (SOLO) and Expeental Group
lI((Bloom’s) shows thathe obtained ‘t’ value is .259, is not significatt
0.05 level of significance; that means, there exisb significant
difference between mean gain scores of RevisedmBkoTaxonomy
Group and SOLO Taxonomy Group in their Scientifre&ivity. So the

hypothesis, there will be no significant differencetween the mean
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Gain scores of Scientific Creativity of Experimdnigroup | and

Experimental Group Il is rejected.

15.There will be no significant difference between thenean gain
scores of Scientific Creativity of Experimental grap | and

Experimental Group IlI

Data and result of pre test and post gggh scores of Scientific
Creativity among Experimental group | and ExperitakrGroup Il
shows that the obtained ‘t’ value is 3.72, whicthighly significant at
0.01 level of significance. It means that theresexa significant
difference between mean gain scores among SOLOVan&€ormack
and Yager’'s Taxonomy group. Since the mean gaMmoCormack and
Yager's Taxonomy group 14.4, is greater than tliahe mean gain of
SOLO 9.4, it is inferred that students from Mc Cank and Yager’'s
Taxonomy group have high gain in their Scientifie&tivity score. So
the hypothesis, there will be no significant diéflece between the mean
Gain scores of Scientific Creativity of Experimdnigroup | and

Experimental Group Il is rejected.

16.There will be no significant difference between thenean gain
scores of Scientific Creativity of Experimental grap Il and

Experimental Group IlI

Data and result of pre test and post ggEh scores of Scientific
Creativity among Experimental group Il and Expenta¢ Group |l
shows that th@btained ‘t’ value is 3.94, which is highly sigmidint at
0.01 level of significance. That means there exiatssignificant
difference between mean gain scores in Revised nBB®daxonomy
and Mc Cormack and Yager's Taxonomy group. Sineentlean gain of

Mc Cormack and Yager's Taxonomy group, 14.4 is {grethan that of
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the mean gain of Revised Bloom’s Taxonomy 9.15s iinferred that
students from Mc Cormack and Yager's Taxonomy grbage high
gain in their Scientific Creativity score. So thgpbthesis, there will be
no significant difference between the Mean Gainresmf Scientific
Creativity of Experimental group Il and Experimdntaroup Il is

rejected.

17.There will be no significant difference between thenean pre test
scores of Experimental group | (Group receiving inguction
based on SOLO Taxonomy), Experimental group Il (Grap
receiving instruction based on Revised Bloom’s Tamomy) and
Experimental group Il (Group receiving instruction based on
Mc Cormack and Yager's Taxonomy) for Metacognitive

Awareness of secondary school students

Data and result of pre test scores of Metacogniiwareness in
each Experimental Group shows that the obtainedakie, 1.83 which
is not significant at 0.05 level of significance>(p05). This shows that
there is no significant differences in the pre tasan scores among the
students in each experimental group. Therefore thk three
experimental groups do not differ significantly timeir Metacognitive
Awareness. So it is inferred that, before the wdntion, three groups
were more or less same in Metacognitive Awarerfegshe hypothesis
Is accepted; that means there is no difference gritue mean pre test
scores of Experimental group | (Group receivingringion based on
SOLO Taxonomy), Experimental group Il (Group regsgvinstruction
based on Revised Bloom’s Taxonomy) and Experinhegraup Il
(Group receiving instruction based on Mc Cormackd aviager's

Taxonomy) for Metacognitive Awareness of secondahool students.
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18.There will be no significant difference between thanean post
test scores of Experimental group |, Experimental gup I, and
Experimental group Il for Metacognitive Awareness of

secondary school students.

The obtained ‘F’ value is 40.65 which is signifitah 0.01 level
of significance (p<0.01). This shows that thera sgnificant difference
in the post test means scores of the studentseiredich experimental
group. Therefore the all the three experiment gsadiffer significantly
in their Metacognitive Awarenesster the intervention. So it is inferred
that after the intervention three groups differngigantly in their
Metacognitive Awareness. So the hypothesis is tegethat means there
is no significant difference among the mean pa@st tscores of
Experimental group | (Group receiving instructioasbd on SOLO
Taxonomy), Experimental group Il (Group receivimgtruction based
on Revised Bloom’'s Taxonomy) and Experimental gréi (Group
receiving instruction based on Mc Cormack and YagEaxonomy) for

Metacognitive Awareness secondary school students.

19.There will be no significant difference between theneanpre test
and post test scores of Metacognitive Awareness of

Experimental group |

Data and result of pre test and post sesires of Metacognitive
Awareness in Experimental Group | shows that the@iobd ‘t’ value,
13.58, which is highly significant at 0.01 level significance. That
means there exist a significant difference betwarentest and post test
mean scores in the SOLO Taxonomy group. Since #ennof post test
322.24, is greater than that of the pre test m&ar02, it is inferred that
instruction based on the SOLO Taxonomy is effedtivdeveloping the

Metacognitive Awareness. So the hypothesis, thei# ke no
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significant difference between the mean pre tedt@ost tesscores of

Metacognitive Awareness of Experimental grouprejected.

20.There will be no significant difference between thenean pre test
and post test scores of Metacognitive Awareness of
Experimental group Il

Data and result of pre test and post tegires of Metacognitive
Awareness in Experimental Group | shows thatdbtined ‘t’ value is
14.33, which is highly significant at 0.01 levelgnificance. It means
that, there exists a significant difference betwpen test and post test
mean scores in the Revised Bloom’s Taxonomy gr8imce the mean
of post test 310.29, is greater than that of pst meean 275.44, it is
inferred that instruction based on the Revised Blso Taxonomy is
effective in developing Metacognitive Awareness. t86 hypothesis,
there will be no significant difference between thean pre test and
post tesscores of Metacognitive Awareness of Experimentalg Il is
rejected.

21.There will be no significant difference between thenean pre test
and post test scores of Metacognitive Awareness of

Experimental group Il

Data and result of pre test and post sesires of Metacognitive
Awareness in the Experimental Group Il shows tiet obtained ‘t’
value is 8.54, which is highly significant at O0.@Y¥el of significance. It
means that, there exists a significant differeretg&vben pre test and post
test mean scores in the Mc Cormack and Yager's Taxongnoyp.
Since the mean of post test 297.21 is greater thainof the pre test
mean 266.11, it is inferred that instruction basmd the SOLO

Taxonomy is effective in developing Metacognitivevdreness. So the
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hypothesis, there will be no significant differerizgween the mean pre
test and post tesicores of Metacognitive Awareness of Experimental

group lll is rejected.

22.There will be no significant difference between themean gain
scores of Metacognitive Awareness of Experimentakrgup | and

Experimental Group Il

Data and result of pre test and post tgstin scores of
Metacognitive Awareness of Experimental group | (8) and
Experimental Group Il (Revised Bloom’s) shows tha obtained ‘t’
value is 3.64, which is significant at 0.01 levékanificance. It means
that; there exists significant difference betweeeam gain scores of
Revised Bloom’s Taxonomy Group and SOLO Taxonomypuprin
their Metacognitive Awareness. The obtained meamresof SOLO
taxonomy 51.2, is greater than the mean score oisB& Bloom’s
Taxonomy 34.84. So it is inferred that studentsnff®OLO group have
high level of Metacognitive Awareness. So the higpets, there will be
no significant difference between the mean gaimescof Metacognitive
Awareness of Experimental group | and Experimer@abup Il is

rejected.

23. There will be no significant difference between themean gain
scores of Metacognitive Awareness of Experimentakgup | and

Experimental Group IlI

Data and result of pre test and post ggsh scores of Metacognitive
Awareness among Experimental group | and Experiahe@toup Il
shows that the obtained ‘t’ value is 3.83, whichniighly significant at
0.01 level of significance. It means that; therastsxa significant

difference between mean gain scores among SOLOVan&€ormack
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and Yager's Taxonomy group. Since the mean gaBQfO Taxonomy
group 51.2, is greater than that of the mean gaiM® Cormack and
Yager's 31.1, it is inferred that students from Bormack and Yager's
Taxonomy group have high gain in their Metacogseitikwareness
score. So the hypothesis, there will be no sigaifiaifference between
the mean gain scores of Metacognitive Awarenes$xgferimental

group | and Experimental Group Ill is rejected.

24.There will be no significant difference between themean gain
scores of Metacognitive Awareness of Experimentakgup Il and

Experimental Group IlI

Data and result of pre test and post tgstin scores of
Metacognitive Awareness among Experimental group dhd
Experimental Group 11l shows that the obtainedvdlue is .85, which is
not significant at 0.05 level of significance.nieans that; there exists
no significant difference between mean gain sconeshe Revised
Bloom’s Taxonomy and Mc Cormack and Yager's Taxop@roup. So
the hypothesis, there will be no significant diéflece between the mean
gain scores of Metacognitive Awareness of Expertadegroup Il and

Experimental Group Il is accepted.
Conclusions

The obtained mean difference for Scientific Attiud significant
between the groups taught using Revised Bloonaisomomy with
SOLO Taxonomy, Revised Bloom’s Taxonomy with Mc @ack and
Yager's Taxonomy and SOLO with Mc Cormack and Yager
Taxonomy. Among the mean differences Mc Cormack ¥ader’s
Taxonomy have high difference compared to SOLO Bledm’s. So it

can be concluded that Mc Cormack and Yager's Tangnis the most
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effective taxonomy to develop Scientific Attitu@mong secondary
school students and then comes SOLO Taxonomy feoeloleing
Scientific Attitude. From the present study, itfaund that Revised
Bloom's Taxonomy comes below the other two taxoremmiin

developing Scientific Attitude among secondary stlstudents.

While exploring the Effectiveness of instructiorasbd on SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormac# &ager’'s
Taxonomy on Scientific Creativity of secondary szhetudents; the
obtained mean difference is significant between is&el/ Bloom’s
Taxonomy with SOLO Taxonomy, Revised Bloom’s Taxwmryowith
Mc Cormack and Yager's Taxonomy and SOLO with Mxr@ack and
Yager's Taxonomy. Among the mean differences Mcn@mk and
Yager's Taxonomy have high difference compared ©LS and
Bloom's. So it can be concluded that Mc Cormack afaper’s
Taxonomy is effective to develop Scientific Credyivamong secondary
school students and then comes Revised Bloom’s ori@ary for
developing Scientific Creativity. From the presstidy, it was found
that SOLO Taxonomy comes below the other two taroes in

developing Scientific Creativity among secondarycsd students.

Investigations to find out the effectiveness oftrimstions based
on SOLO taxonomy, Revised Bloom’'s Taxonomy and Gtrmack
and Yager's Taxonomy on Metacognitive Awarenesssetondary
school students showed that, obtained mean differas significant
between SOLO Taxonomy with Bloom’s and SOLO with ®Barmack
and Yager’'s Taxonomy. Among the mean differences@G®axonomy
have high difference compared to Mc Cormack and eragand
Bloom’s. So it can be concluded that SOLO Taxonoimyhighly

effective to develop Metacognitive Awareness amsagpndary school
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students and then comes Mc Cormack and Yager's niarg and
Revised Bloom’'s Taxonomy, which have almost sameelleof
Metacognitive Awareness. From the present studyag found that Mc
Cormack and Yager's Taxonomy comes below the otheo
taxonomies in developing Metacognitive Awarenes®rmgnsecondary

school students.

Comparison of the effectiveness of instructionsedasn SOLO
taxonomy, Revised Bloom’s Taxonomy and Mc Cormac# &ager’'s
Taxonomy on Scientific Attitude, Scientific Creatw and
Metacognitive Awareness of secondary school stsdesvealed that all
the taxonomies are effective to develop Scientfttitude, Scientific

Creativity and Metacognitive Awareness of Seconduiyool students.
Educational Implications

In the present study the objective was to find dbe
“Effectiveness of an Instruction Based on SOLO Ty, Revised
Bloom’'s Taxonomy and Mc Cormack and Yager's Taxopoon
Certain Learning Outcomes of Secondary School $itstle The
findings of the study point out some important $attat require the
attention of the educational practitioners. Theliogtions of the study

are outlined below.

Education is one of the most important aspects whdn
development and comprises the most influentialadaostitution in any
society (Baytak &Akbiyik, 2012). In general, eduocataims to transmit
a common set of beliefs, values, norms and undetistg from the adult
generation to the youth. Educational taxonomy he$chers to identify
the learning expected from the student. The vafuesmg educational

taxonomies in the development of learning outconeggesents a tool
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for planning, implementing and assessing instracti@éducational
taxonomy provides educators with a common frameetérence that
classifies various types of learning outcomes. dditeon, it illustrates
the wide array of learning outcomes that can b&udexd in any given
instructional area (Almarico& Baker 2004). Presstudy provides a
clear reference on what type of teaching methodesogre suitable for
developing science related learning objectivescesiit serves as a
common language about learning goals to faciliteé@nmunication

across persons, subject areas and grade levels.

An objective is a goal or endpoint of something d@osg which
actions are directed. Objectives generally indidaie end points of a
journey. They specify where you want to be or wia intended to
achieve at the end of a process. An educationakbbe is that which a
specific educational instruction is expected to enak accomplish. It is
the outcome of any educational instruction. Ithe purpose for which
any particular educational undertaking is carriad. d’resent study
suggests relevance of educational taxonomy for dttainment of
science related learning outcomes since objectased instruction is

the backbone of any type of education.

Schools are the institutions consciously created etwsure
desirable changes in human behaviour towards ukimealization of
the national goals. They have to make consciousrtefto ensure the
attainment of educational goals. This can be daneugh a systematic
translation of objectives and then to instructiomddjectives. Here
instructional objectives are stated in a form byiohhthey have to be
operated in the class room. They are thereforerezf¢o as instructional
objectives. They are specifically based on the nidéel learning

outcomes. The findings of the study revealed thating of learner
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centred educational objectives helps to developnse related learning
objectives. These instructional objectives are dftge stated in
behavioural terms, which the learner will exhilmitarder to show that

he has learnt.

Instructional objectives are very important compuneof
teaching system, as they provide necessary feedbatke adjustment
of curriculum, teaching method, teaching aids assgasment. They also
show how much appropriate the curriculum is. Leagrtaxonomies are
valuable tool for classifying learning objectivé&ducational taxonomy
is a helpful and frequently used resource to wstedent learning
outcomes. The major idea of the taxonomy is thadtveducators want
students to know can be arranged in a hierarchyn fless to more
complex. The levels are successive, so that ored is\mastered before
the next level can be reached. Present investigatwealed that the
arrangement of learning experiences accordingddetarning objectives
in educational taxonomies is effective to bring @bdesired learning
outcomes. Study also found out that, even thoughthihee taxonomies
are suitable for the accomplishment of sciencaedléearning outcome,

SOLO Taxonomy is the best one to develop cogndioout learning.

In science education, taxonomies are very importéomt
achieving science related process and product o#soSo educational
taxonomy is that platform upon which scientific adecan be framed in
an effective way. In the absence of a proper targndeachers and
students will be mislead towards their journey tbhe attainment of
scientific knowledge and processes. Study indicdlted all the three
taxonomies are effective to develop Scientific Witle and Scientific
Creativity, and Metacognitive Awareness. Mc Cormaxid Yager's

taxonomy is the best taxonomy to develop ScientAititude and
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Scientific Creativity, among secondary school shiseand SOLO
Taxonomy proved to be the best taxonomy comparedther two

taxonomy for developing Metacognition.

As there is no emphasis on Scientific Creativityie§tific
Attitude and Metacognition in secondary school soge classes, it is
necessary to incorporate the relevant aspects ieht8 Attitude and
Scientific Creativity in secondary school sciencericulum. Teaching
science should be in such a way, that it helpsudesit to develop
scientific approach towards life. Inculcation oflues like spirit of
enquiry, courage to question, objectivity, honestyd truthfulness,
which are the precursors of the development of gotiden in the
society. Science education will be strengthenedsdo develop well
defined abilities and values, such as the spirieoduiry, creativity,
objectivity, the courage to question and an aeistisensibility. Science
education programme will be designed to enablddhmer to acquire
problem solving and decision making skills and tscdver the
relationship of science with health, agriculturedustry and other
aspects of daily life. Every effort should be madenternalise science
education to the vast numbers who have remainesideuthe pale of

formal education.

Present study indicated that teachers should applyocess
product description in teaching methods to makéfardnce in student
outcome. Scientific activities which require explbon of non reading
nature should be carried out by individual or sngatiups of students.
Teaching methods should be changed frimacher centred to pupil
centred approaches like heuristic method, assighmmethod, project
and problem solving methods, laboratory and expamtali methods,

discussion methods, etc. Preparation of new sydland instructional
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materials and steps to improve teacher traininggnarames must be
emphasized. Due to the limited financial resoufesur country, it will

be beneficial to provide combined lecture hall cladmoratory in high
schools to facilitate the science teaching andnlagrin secondary
schools. Traditional teaching aids should give w@aywo dimensional
and three dimensional aids, projected and non g¢eyje aids and
sophisticated aids like television and computer.e Usf these
technological devices makes science teaching dwvah addition to

localized low cost and no-cost aids.

Attitude and creativity are called the enabling @m by Mc
Cormack and Yager. Science learning cannot occuclass rooms
where science is not seen as fun, useful and egcitcience class
should consider student interests, ideas, probléemtification, and
solutions, which will encourage, each student. Teex should be
encouraged to adapt realistic methods of teachtiense and thereby
assuring active involvement of their students inersce related
processes, leading to a thorough understandindnefsubject matter.
Preparation of new syllabus and instructional nialer and steps to

improve teacher-training programmes must be empébdsi

As advocated by Yager, constructivism has evolsedre of the
prominent learning theories in the broad field oflueation.
Constructivist approach pursues an authentic legreinvironment in
which students are actively engaged in their owmueres into
problems relevant to them. It stresses communicatiod collaboration
with peers and with their teacher. Traditional @aghes will create a
negative attitude to science classes. Thereforense classes should be

carried out in a constructivist learning environt@ndevelop Scientific
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Creativity and Scientific Attitude as implied in M€ormack and

Yager’s taxonomy.

Mc Cormack and Yager's taxonomy says that scierroegss
skills have to be included in science classroompaais of the learning
activities. Through these processes, students cortheir every day
experiences with their science topics which makeéernge more reliant
and it stimulates Scientific Attitude, Scientific réativity and
Metacognitive Awareness among them. Activities $thdae planned in
such a way as to engage students in inquiry owdelifeerelated learning
situations, for this a teacher should integrateousr resources including
other subjects of study in science class rooms wittial relevance.
Teachers are the key agents who can use creatpreaah to science
learning by which they can inculcate Scientific &reity, Scientific

Attitude and Metacognitive Awareness among theiidobn.

Student’s knowledge of their own cognition helpsrégulate
their intellectual processes. The present invetstigasuggests that
SOLO Taxonomy provides a good platform for deveigpi
metacognitive abilities compared to Revised Bloomaxonomy and
Yager’s; as it goes through pre structural, unicgtrral, multi structural,
and extended abstract stages. Learner developsitioolo about their
learning which enhances the ability for metacogniti So it is
recommended through the present study that tead@Esid include
metacognitive and reflective thinking strategieseweryday learning
situations. Use of discovery learning strategiegjuctive thinking
strategies, questioning etc. can improve metacegnitbilities of
students.

Science education should be strengthened so asvidop well

defined abilities and values, such as the spirieoduiry, creativity,
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objectivity, the courage to question and an aestlsensibility. Science
education programme should be designed to enaldelgharner to
acquire problem solving and decision making slalel to discover the
relationship of science with health, agriculturedustry and other
aspects of daily life. Every effort should be madenternalise science
education to the vast numbers who have remainesideuthe pale of
formal education. Providing a combined lecture leain laboratory in
high schools will facilitate the science teachingdalearning in
secondary schools. Use of two dimensional and ttdm@ensional aids,
will make science teaching livelier in additionltzalized low cost and
no-cost aids. Science learning cannot occur insclasms where
science is not seen as fun, useful and excitingen8e class should
consider student interests, ideas, problem ideatibn, and solutions,
which will encourage, each student. Teachers shbeléncouraged to
adapt realistic methods of teaching science anekblyeassuring active
involvement of their students in Science relateatesses, leading to a
thorough understanding of the subject matter. Aty should be
planned in such a way as to engage students inrynquented life
related learning situations, for this a teacherukhantegrate various
resources including other subjects of study inrsmeclass rooms with
social relevance. Teachers are the key agents whouse creative
approach to science learning by which they canloate Scientific
Creativity, Scientific Attitude and Metacognitivewareness among

their children.

Findings of the study revealed that among the thagenomies,
Mc Cormack and Yager's Taxonomy is more effective develop
Scientific Creativity and Scientific Attitude amorggcondary school
students. Taxonomy of science education proposéddormack and

Yager considers creativity as one of the highegeatives. Using
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activity centred investigatory methods in the classm is advisable
than conventional teacher centred methods. Evengthdhe present
secondary school curriculum of Kerala state adoptager’s taxonomy
as its base, schools find it difficult to applyintthe class rooms. As a
result, students are far away from the expectedatibps. So it is the
need of the hour that all the officials startingnir Government should
take necessary steps for implementing the chadgesmnded by the
secondary school science curriculu8ince the present study proved
that no single taxonomy is considered most effectos produce all the
three desired science learning outcomes, accortinipe educational
and sociological situations in Kerala, curriculumncadopt the best
objectives from these taxonomies for the develogroéscience related
learning outcomes. Improving infrastructural fdms including a
science laboratory, science library, orientatioasses and workshops
for teachers, pooling resources from all areahedociety, providing
reference materials to teachers etc. will be beraffor fulfilling the
aims of science education, like development of raifie attitude,
scientific temper, scientific creativity, metacogom, decision making,
problem solving attitude etc. According to Dr. Ab#alam , the ignited
mind of the youth is the most powerful resourcdlenearth, so it is our
duty to provide the medium through which they c#and as strong

pillars to build the future of India to its best.
Suggestions for Further Research

1. The present study is conducted at secondary sdewel. This
study can be repeated to different other level$ ag primary
school children, higher secondary school studegresjuate and

post graduate students.
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. Studies can be extended to find out the effectisemd different
taxonomies other than the taxonomies mentionekarstudy.

. The study can be repeated for a large number okesta for a
longer duration representing all districts in thetes to ensure the
validity of the results.

. Studies can be conducted for developing learnirckgges for
the effective transaction of science curriculum.

. A survey study can be conducted to find teacheremess about
educational taxonomies effective for science teaghi

. Parallel studies can be conducted to find out thex#veness of
different taxonomies on other variables related smwence
education such as scientific temper, problem sglattitude and
decision making among children.

. Studies can be conducted by taking a single taxgrtorfind out
its effectiveness on certain learning outcomes.

. Studies can be conducted to compare the scienaairiga

outcomes based on gender and other psycho sodiabhes.
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APPENDIX —I A

SCIENTIFIC ATTITUDE SCALE (DRAFT)

(English Version)

Each of the following statements expresses a fgelinich particular people
have towards science. You have to express on apoiet scale, the extent of
agreement between the feeling expressed in eaem&at and your own feeling. The

five points are

1. Strongly Agree SA
2. Agree A

3. Undecided U
4. Disagree D
5. Strongly Agree SD

You have to put a tick markv() against columns of each statement, which best
indicates how closely you agree or disagree. Tl anrrect responses are those that

are true for you.

No Statements SA A SD

1 | believe that scientific theories are subject to
change

2 It is often said that science can provide answee(s
anything we want to know

3 It is better to believe those superstitions wiaioh
difficult to prove

4 | will accept an idea only when everybody agrees
with it

5 I would like to find clarifications wherever lde
doubts about scientific facts

6 I will not modify my result if it is not in
agreement with the established laws

7 Scientists are doing aimless things

8 | believe in superstitions which my parents follo

9 It is mere waste of time, searching for evidences
from all sources before arriving at a conclusion

10 | I like to participate in science quiz

11 | I never believe in ghosts

12 | I like to read science books

13 | I will never accept my friend’s opinion if it is
against my opinion

14 | Ilike to watch science related programmesh T

15 | Itis impossible to prove that superstitions are




false

16 | Ilike to do science projects

17 | | cannot change superstitions because it isobarnt
our culture and rituals

18 | | prefer to seek an expert opinion rather than
proving it through an experiment

19 | I will rethink my ideas with respect to other’'s
criticism

20 | Itis not necessary to collect all details befor
proving an experiment

21 | Ilike to copy a project from internet rathearh
doing it

22 | Ilike to know my future through astronomers

23 | Ilike to copy results from my friend’s notebook

24 | Itis not good to ask an opinion from a person
who is academically lower than me

25 | Itis good to go for clarification before appiroy
an idea

26 | | like to talk to experts in science

27 | Itis sin to reject some facts which is not
scientifically proved ,but established by religions

28 | | believe that universe runs by supernaturaleor

29 | Scientists possess personal bias and prejudice
during their scientific works

30 | I want to become a scientist in future

31 | | believe certain superstitions as true evengho
science is against it

32 | Scientific laws and theories are speculations of
scientists

33 | I believe in ghosts

34 | A good human being may become a good
scientist

35 | l'will try to prove a fact through an experirhen
than seeking an expert opinion

36 | Science learning is meaningless

37 | Ilike to read science fictions

38 | I always have curiosity to learn more about Mars

39 | Itis good to quote rather than copy the work of
scientists

40 | 1 don’'t watch science related programmes on T V

41 | Itis not at all interesting to find secretsature




42 | I like to read stories of ghosts

43 | |like to learn science through rote learning

44 | | believe in rebirth

45 | | think my imagination fosters my creativity

46 | | believe objective observation and intellectual
honesty is essential for scientific studies

47 | |like to change my opinion about a scientifictf
only on the basis of sufficient evidence

48 | | always like to do scientific experiments

49 | | find it interesting to search reasons behind
natural phenomena

50 | Ilike to show my scientific work to everyone fg
discussion and criticism

51 | I like to repeat an experiment to check whether
the result is same or not

52 | Ithink my senses as well as scientific knowkedg
will help me to know the nature around me

53 | While doing an experiment my aim is to get a
result which is commonly approved by my
teacher

54 | | always listen to others ideas

55 | I always like to appreciate the hard work and
dedication of scientists

56 | Ilike to read stories of great inventions

57 | lusually notice all the minute details of a
phenomena

58 | Ilike to reveal the limitations of my scientifi
work

59 | I like to know the work of Nobel Laureates in
science

60 | Ilike to collect pictures of scientists

61 | Ilike to read biographies of great scientists

62 | Itry to chat with scientists through internet

63 | | usually watch Discovery and National
Geographic channels than sports channel

64 | Itis interesting to clarify doubts related toesice




APPENDIX-1B

SCIENTIFIC ATTITUDE SCALE - DRAFT

(Malayalam Version)
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APPENDIX — 11 A
SCIENTIFIC ATTITUDE SCALE (FINAL)
(English Version)

Each of the following statements expresses a fgelihich particular people
have towards science. You have to express on apoiet scale, the extent of
agreement between the feeling expressed in eamsat and your own feeling. The
five points are

1. Strongly Agree  SA
2. Agree A
3. Undecided U
4. Disagree D
5.

Strongly Agree  SD

You have to put a tick marks{) against columns of each statement, which best
indicates how closely you agree or disagree. Tl anrrect responses are those that
are true for you.

No Statements SAA| U | D|SD

1 | I believe that scientific theories are subject to
change

2 | Itis better to believe those superstitions wiaod
difficult to prove

3 | I would like to find clarifications wherever Idk
doubts about scientific facts

Scientists are doing aimless things

o

| believe in superstitions which my parents ol

It is mere waste of time, searching for evidences
from all sources before arriving at a conclusion

| like to participate in science quiz

| like to read science books

I will never accept my friend’s opinion if it is
against my opinion

10 | Ilike to watch science related programmesh T

11 | Itis impossible to prove that superstitions are
false

12 | Ilike to do science projects

13 | Itis not necessary to collect all details befor
proving an experiment




14 | I like to copy a project from internet rathearnh
doing it

15 | I like to know my future through astronomers

16 | I like to copy results from my friend’s notebook

17 | Itis not good to ask an opinion from a person
who is academically lower than me

18 | Itis good to go for clarification before appiry
an idea

19 | I like to talk to experts in science

20 | 1 want to become a scientist in future

21 | | believe certain superstitions as true evengho
science is against it

22 | | believe in ghosts

23 | Science learning is meaningless

24 | I like to read science fictions

25 | | always have curiosity to learn more about Mars

26 | I don’'t watch science related programmes on T V

27 | ltis not at all interesting to find secretature

28 | | believe in rebirth

29 | | believe objective observation and intellectual
honesty is essential for scientific studies

30 | I like to change my opinion about a scientifictf
only on the basis of sufficient evidence

31 | I always like to do scientific experiments

32 | I find it interesting to search reasons behind
natural phenomena

33 | I like to show my scientific work to everyone fg
discussion and criticism

34 | |like to repeat an experiment to check whethey
the result is same or not

35 | Ithink my senses as well as scientific knowkedg
will help me to know the nature around me

36 | | always like to appreciate the hard work and
dedication of scientists

37 | Ilike to read stories of great inventions

38 | I like to reveal the limitations of my scientifi

work




39 |1 Ii.ke to know the work of Nobel Laureates in
science

40 | | like to collect pictures of scientists

41 | | like to read biographies of great scientists

42 | 1 usually watch Discovery and National

Geographic channels than sports channel




APPENDIX - 11 B
SCIENTIFIC ATTITUDE SCALE - FINAL
(Malayalam Version)
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APPENDIX - IIl A
SCIENTIFIC CREATIVE TEST
(English Version)

Today | would like to demonstrate a very importatftility —
Scientific Creativity. You have 7 different tasksach task investigates
different scientific skills, giving you the opportitly to excel at what you
are best at! These tasks will enable you to usatigity explore new
ideas and solve problems. Please try to completheatasks in 50 nor 60
minutes. If you have questions about the taskssple raise your hand
and ask examiner. Please write your school, ydasscname, sex and
today’s date on the answer sheet before you begin.
ltem -1

Please write down as many as possible scient#fes las you can
for a piece of glass.

For example, make a test tube.
ltem -2

If you can take a space ship to travel in the rosp@ce and go to a
planet, what scientific questions do you want teesgch? Please list as
many as you can. For example, are there any liimgs on the planet.
ltem -3

Please think up as many possible improvementsoascgn to a
regular bicycle, making it more interesting, morgeful and more
beautiful.

For example, make the tyres reflective, so theybmageen in the darks.
ltem -4
Suppose there was no gravity, describe what th&vberlike?

For example, human beings would be floating.



ltem -5

Please use as many possible methods as you cande a square
on to four equal pieces (same shape)
ltem -6

There are two kinds of lenses. How can you testhvis better?
Please write down as many possible methods as wou and the
instruments, principles and simple procedure.
ltem —7

Please design as apple picking machine. Drawtarpicpoint out

the name and function of each part.



APPENDIX - 111 B

SCIENTIFIC CREATIVITY TEST
(Malayalam Version)
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process, which particular people have. You havexfmess on a five point scale, the

extent of agreement between the feeling expresse&dch statement and your own

APPENDIX - IV A

(English Version )

Each of the following statements expresses an awaseabout the learning

feeling. The five points are

You have to put a tick markv() against columns of each statement, which best
indicates how closely you agree or disagree. Tty @orrect responses are those that

1. Always A
2. Very often VO
3. Sometimes S
4. Rarely R
5. Never N

are true for you.

METACOGNITIVE AWARENESS INVENTORY - DRAFT

No Statements VO

1 | I think twice about a problem before taking a
decision

2 | I compare previously learned things before
learning a new content

3 | According to the nature of the content | use
different learning methods

4 | | always follow a strict time table for the stesli

5 | lusually try to complete my learning
assignments within the time schedule

6 | | often try to recollect the main idea of the
content after learning

7 | lusually test myself that whether | am getting
my goals

8 | I go through several alternatives of problem
before answering it

9 | lunderstand my intellectual strength and
weakness




10 | I always internalise an idea of what | have to
learn before | start my learning

11 | I always try to know how well | did in a test

12 | Before beginning a task | frame specific goal |n
my mind

13 | I always concentrate more when | receive
important information

14 | I know which information should get more
importance during the learning process

15 | | organise information according to its
importance before learning it

16 | | apply each strategy with a specific purpose
while learning

17 | I learn best when | have familiarity with the
topic

18 | I know teacher’s expectations about my learning

19 | | can remember information very well

20 | I always have control over how well | learn

21 | | periodically review important topics for bette
understanding

22 | I always check my knowledge about a topic
before beginning to learn it

23 | I usually summarise the content after learning i

24 | | seek other’s help when there is difficulty in
understanding content

25 | I motivate myself when there is a need

26 | 1 know my usual learning strategies

27 | | know which strategy is suitable for me to tear
a specific content

28 | I usually overcome my weakness by using my
own strategies

29 | | give importance to the meaning and
significance of the content

30 | By using my own examples | meaningfully

process the information




31 | I am able to judge my own understanding

32 | 1 usually check whether | have attained the goal
after finishing my learning

33 | For better memory and retention | take help of
pictures and diagrams

34 | | often take intervals between my learning to
check my understanding

35 | Ilike to translate new information into my owr

words

36

When | fail to understand | change my learning
strategy

37 | Careful reading of instruction in the beginning
helps my learning

38 | I always link the new content to my previously
learned content

39 | I will recheck my assumption when get confused

40 | 1 accomplish my goal by carefully organising the

time

41

I learn more when | am interested in the topic

42

| often break a difficult and lengthy contentan
smaller parts

43

| always try to get an overall meaning rathanth
significant details

44 | 1 will try to learn again if the new informatias
not clear to me

45 | When | get confused | stop and reread the topic

46 | 1 am efficient in finding and rectifying my own

weaknesses

47

| always try to improve myself

48

| consider my failures as milestones towards
success

49

| used to write short notes while studying a
massive content

50

| often use certain memory tricks to remember
points which are difficult to memorise




51

| always try to find out the reason behind my
failures, so that | can improve next time by
rectifying it

52 | lusually develop a deeper understanding of the
content than applying rote learning

53 | Self motivation increases my interest in leagnin

54 | I usually try to apply learned material in daily
life situations

55 | I often ask my seniors and bright students ef th
class about their study habits and try to adopt|it
wherever necessary

56 | I discuss the learning material with my class
mates because it clarifies my assumptions

57 | | take more time for learning things which are
difficult for my understanding

58 | | workout previous years question papers to
check my understanding

59 | I always revise learned portions daily, weekly
and monthly

60 | | know which study environment is good for me

61 | I always try to avoid those things which causes
distractions to my study

62 | I like to read reference books

63 | | like to search internet for further informatio

64 | Tests help for my own improvement

65 | I try to get back on track when | lose
concentration.

66 | I underline or circle information in the text to
remember it.

67 | | decide what to study closely and what to
ignore.

68 | | analyze and evaluate the information presented
in the text.

69 | Itryto use more than one way for learning

something
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META COGNITIVE AWARENESS INVENTORY- DRAFT
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process, which particular people have. You havexfmess on a five point scale, the

extent of agreement between the feeling expresse&dch statement and your own

APPENDIX -V A

(English Version )

Each of the following statements expresses an awaseabout the learning

feeling. The five points are

You have to put a tick markv() against columns of each statement, which best
indicates how closely you agree or disagree. Tty @orrect responses are those that

1. Always A
2. Very often VO
3. Sometimes S
4. Rarely R
5. Never N

are true for you.

METACOGNITIVE AWARENESS INVENTORY (FINAL)

No Statements VO

1 | I think twice about a problem before taking a
decision

2 | I compare previously learned things before
learning a new content

3 | I always follow a strict time table for the stesli

4 | lusually try to complete my learning
assignments within the time schedule

5 | | often try to recollect the main idea of the
content after learning

6 | | usually test myself that whether | am getting
my goals

7 | 1 go through several alternatives of problem
before answering it

8 | lunderstand my intellectual strength and
weakness

9 | I always internalise an idea of what | have to
learn before | start my learning




10 | I always try to know how well | did in a test

11 | Before beginning a task | frame specific goal |n
my mind

12 | | always concentrate more when | receive
important information

13 | I know which information should get more
importance during the learning process

14 | | organise information according to its
importance before learning it

15 | I apply each strategy with a specific purpose
while learning

16 | I learn best when | have familiarity with the
topic

17 | 1 know teacher’s expectations about my learnjng

18 | | can remember information very well

19 | I always have control over how well | learn

20 | | periodically review important topics for bette
understanding

21 | I always check my knowledge about a topic
before beginning to learn it

22 | lusually summarise the content after learning i

23 | I motivate myself when there is a need

24 | | know my usual learning strategies

25 | | know which strategy is suitable for me to tear
a specific content

26 | | usually overcome my weakness by using my
own strategies

27 | | give importance to the meaning and
significance of the content

28 | By using my own examples | meaningfully
process the information

29 | | am able to judge my own understanding

30 | I usually check whether | have attained the goal

after finishing my learning




For better memory and retention | take help olf

31
pictures and diagrams

32 | | often take intervals between my learning to
check my understanding

33 | I like to translate new information into my owr
words

34 | When | fail to understand | change my learning
strategy

35 | Careful reading of instruction in the beginning
helps my learning

36 | | always link the new content to my previously
learned content

37 | 1 will recheck my assumption when get confused

38 | 1 accomplish my goal by carefully organising the

time

39 | I learn more when | am interested in the topic

40 | | often break a difficult and lengthy contentan
smaller parts

41 | | always try to get an overall meaning rathanth

significant details

42 | 1 will try to learn again if the new informatias
not clear to me

43 | When | get confused | stop and reread the topi

44 | 1 am efficient in finding and rectifying my own

weaknesses

45

| always try to improve myself

46

| consider my failures as milestones towards
success

47

| used to write short notes while studying a
massive content

48

| often use certain memory tricks to remembelr
points which are difficult to memorise

49

| always try to find out the reason behind my
failures, so that | can improve next time by
rectifying it




50 | I usually develop a deeper understanding of the
content than applying rote learning

51 | Self motivation increases my interest in leagnin

52 | lusually try to apply learned material in daily
life situations

53 | I often ask my seniors and bright students ef th
class about their study habits and try to adopt|it
wherever necessary

54 | I discuss the learning material with my class
mates because it clarifies my assumptions

55 | I take more time for learning things which are
difficult for my understanding

56 | | workout previous years question papers to
check my understanding

57 | I always revise learned portions daily, weekly
and monthly

58 | I know which study environment is good for me

59 | I always try to avoid those things which causes
distractions to my study

60 | | like to read reference books

61 | I like to search internet for further informatio

62 | Itry to get back on track when | lose
concentration.

63 | |1 underline or circle information in the text to
remember it.

64 | | decide what to study closely and what to
ignore.

65 | | analyze and evaluate the information presented
in the text.

66 | |tryto use more than one way for learning

something




APPENDIX -V B
META COGNITIVE AWARENESS INVENTORY — FINAL
(Malayalam Version)
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APPENDIX -VI A
LESSON TRANSCRIPT BASED ON
SOLO TAXONOMY 1
(English Version)
Name of the teacher : Ravati N

Name of the school : N.S.S. Boy’'s High schoainai Std - VII
Subject . Biology Duratior85 min
Unit . Let's regain diglds Date
Topic . Food safety amdes in agriculture
Content Overview : Food safety
Content Analysis:
Terms: Food security, scarcity of food
Facts: * Food security is the condition that ensures sufiti
food for everyone.
* Food security is necessary for a healthy and better
society.
* Increasing population, lack of knowledge, lack of
fertile soil are the reasons for scarcity of food.
» Scientific way of agriculture can solve the probtem
of food scarcity.
* Food scarcity is the insufficiency in amount of doo
or shortage of food materials.
* Food scarcity leads to poverty and malnutrition.
* Population, food availability, food access and food
use are the factors determining food security.
* Population growth is the risk factor for food
Concepts: security.
Major Concept :
Food Security: Food security is the situation that ensures
sufficient food for everyone to lead a healthy.life




L earning Objectives

Prestructural:

Uni structural:

Multistructural:

Relational:

Extended Abstract:

L earning materials:

Prerequisites:

Pupils are unaware of food security, food scaraitg
relationship between available land for cultivatiane

production and population.

Understands food scarcity, problems related tocgyanf
food and verifies relationship between availabtelléor

cultivation, rice production and population.

Analyses food security bill, makes inferences byewhing
chart showing yearwise description of the relattup
between available land for cultivation, rice protimc and
population.

Defines food security and identifies effects ofdasarcity

Suggests ways to ensure food and to regain fields.

» Paper cuttings showing food security bill.
» Chart showing year wise analysis of rice produgtion

available land for cultivation, and population gtbw

* Food is necessary for a healthy and better living.

» Food is obtained through agriculture.

* Rice is one of among the main crop cultivated in
Kerala.

» Unavailability of food leads to malnutrition.




Content

Level of SOL O taxonomy

Evaluation

I ntroduction:

Food security:
and food
scar city:

Teacher asks students about the conditionm of

agriculture near their house. Students respon
the question by describing the pathetic condit

dto
ion

of agriculture in their area. Teacher by stressing

the need to cherish agriculture moves to the t
food safety and crises in agricult(#B)

Prestructural:

bpic

Pupils are unaware of food security and food

related issue. They don’'t know how to def
food security and how to solve problems rela
to food scarcity.

Uni structural

ne
ted

Defines food

Teacher shows some pictures related to fo grunty.

scarcity. Students gets some knowledge a
the problems related to scarcity of food

Multi structural

Teacher shows a paper cutting describing f
security bill passed by Loksabha.

| Loksabha passes Food
> Security bill /
New Delhi :The Loksabha has passed
the Food Security bill. The bill ensures /

P
the distribution of food grains at a lower ‘g

&

rate. The bill has been legalized to
distribute rice at a price of 3 rupees andf
{ wheat at 2 rupees per kilogram. ;

£
e . {w’é‘ =

Bt

Students realize that Government of India tq

derstands
FoodSecurity
Bill.
Suggest
measures to
D8Asure food
security in
the country.

(=}

nok

an initiative to distribute food grains at lower

rate for ensuring food to poor people.




Content Level of SOL O taxonomy Evaluation
Relational
Teacher asks the students to form a definition
for food security and gives necessary help.
Students form a definition that food security is
the situation, which ensures sufficient food for
everyone, to lead a healthy life.
Extended Abstract
Teacher directs the students to suggest some
ways to ensure food security in our country.
Students give some suggestion to ensure food
security in our country like the following.
* Adopting scientific methods in agriculture
* Ensuring food to all by law
» Decreasing cost of production.
* Ensuring Government incentives for farming.
* Providing training in better agricultural practiges
etc.
Relationship| Pre structural Compares
between Students don’t know the relationship betweeand contrasts
area for area for cultivation, production of rice and popiga | information
cultivation, | growth in different years. given on the
production | Uni structural table.
of rice and Teacher shows a chart depicting relationship bmWeSéJggest
population area available for cultivation, production of rieed measures to
in different population rate in different years regain the
years. lost fields.




Content

Level of SOLO taxonomy

Evaluatio

CHART
Year Rice Production Population
Land for Production in| in crores
cultivation lakh tones
in lakh
hectors
1971 8.75 13.65 2.13
1991 55 10.6 2.91
2011 2.08 5.69 3.34

Students observe the chart and notices de
written under each heading.
Multi structural

Teacher asks students to write the inferer
evolved from the chart in their note book.

Students write their inference; as year goes
area available for cultivation of rice and its puotion
also decreases but there is an increase in populati
Relational
Teacher directs students to discuss the effecteanf
scarcity in groups and report it in the class.
Students reports the following points

* Increase in poverty rate

» Dependence on other states for rice

* Increasing price

» Decrease in land available for cultivation
Extended abstract
Teacher asks students to suggest some ways tat
the fields.
Students say that by creating a culture of loveatols

tails

1CES

5 up

egai

agriculture we can regain the cultivable land.




Review questions:

What is meant by food security?

What is meant by food scarcity?

State the need and significance of food security?

Follow up activity:

Collect information regarding the bill on food setppassed by LokSabha




APPENDIX- VI B

LESSON PLAN TRANSCRIPT BASED ON SOLO TAXONOMY |

(Malayalam Version)
Name of theteacher : cocu®) agm
Name of the school  : ag)ad.ag)ad.ag)md,ceniomd Std : VIHI
062003, ©ald)m Duration :35min
Subject : 270000 (o Date
Unit . alleenzs)eevtonilgmlalsasud
Topic L U YTVIODHU
Content Overview | 8&HTUI0H

Content Analysis
Terms.

Facts:

B&HY(TVYOHHU, BHHUMBVABRICY 0

2)2/00I886)0 @RHAUUDLOMYTVOEMO BEHHUEMO LIGIAIEYMN

(MU2aN2IB A6 BHH MV OEH.

@REOINJa)BEMAIW B0) ML) MVAYROBTTIN EHUYTV)OMHHU

@R® (DI CalaHl@®@06M).

2MMVo6ULOAUIBRLMAL, @edlalanwn, AISH)0)8s
2613 2IBYOEI0OT, &IRIDAINAIAIGIWIMo, &1S68R
816S @AM af)MIQ CHHUIBDARIBIOWH) EHOO0EMMAD
)M).

WOM(@ AW &I BHERNOS BEHTVIOBHUW)OS

(aUOMEBBUY al@lan®1EH MO0

@RV MW @RSAIIT3 BM:HEMo AIRYAIB: I BB B,
RHHUEM alBIBMOEBBSINS &)00T af)MMU B BDABRIGY®

leelss Mee)m).

&HBDARRICL® BIG1BLMWMIM)0, GaldaHdIaNd0E)00lM)o

SO0EMAIS)(M).

LMAVo6Y, BHHUYLIRYM), BHUIGREINALD®, BGHHYOIGQINO
ag)mlal @M BHHUIBDARIBY®O® MIBMWIH)MM CAISH,

68303

2MAVo6UL AUBRLMAT BEUITVYEHUDIBE B0} HL)AlE]

oem.




Concepts

Major concept: | gawymyoasagaiden)o @EOINIaI000 =lailmo MW
HOM@IM) COUETE BHHUEMO @RYAUUDLOM)TVOEMO IR LMD
)N MVIAN2IOIAIEM) B {TVIQBH.

_earning Objectives

Prestructural - | b i) are unaware of food security, food scarcity and

relationship between available land for cultivation, rice

production and popul ation.

Uni structural: | Understands food scarcity,problems related to scarcity of food
and verifies relationship between available land for cultivation,

rice production and popul ation.

Multistructural: | Analyses food security bill, make inferences by observing
chart showing year wise description of the relationship
between available land for cultivation, rice production and

Relational: | Defines food security and identifies effects of food scarcity

Extended Abstract: | Suggests ways to ensure food and to regain fields.

Prerequisites: |«  @peoonialono® meelalmo meaom eauemo
@R)QUUD Y AO6M.

*  HaHlWIRNeS BH:HMEMO RIRIAIH)OM).

*  CHOSOMIOA! (AWM BHIBaHlHANB8HSE s oem
emal.

*  BAUMODIONG LIBIOHH}0NT @RAIGAIIUIMOTIGIBE)

milee)m).

Learning materials:
*  BHUIMOEHI mileflom algl)88 all@UOBO® S 13

*  6MmE)@alodMo, & jaHluilsamilend allmoyo),
Moty af)MIW)es AoBaHld: QflvodeiMo @RS

6851 210QS.




Content L earning Activity Responge/
Evaluation
Introduction
S1aJB B)51:E80S @RAIOYOS ArflSIM) anQ)alos)Ss
HJaHl)6S @RAUIMNOWaIF] @aldE]H9)M).d) S8 @R
016s AUISINS)EMSBS B aHUIW)6S EUDI2IMTVWAIW @RI
MOOWalF] alo@)mM).diaHlo® @EIERYINS)CODm6NTE
@168 @R IBOWHE DDVDANEB HBGISYO) 6OB>6TTS
BHHJMV)OHRHUW)0 BHIBaH]d:caeuRIR el (al@lruaw]
&B)0 o) aldORINEDOWEHE &HSHOYM).
Prestructural
)S1BUBHE BHUYTV)OHUOD alfl@)o GOMYETUMW  (BHHULTVIOMHY
L) (aUBMEBROSAIGI)0 @RCIQ). GRAIBHS EHUYTVYOHH (8= l66)am)
UBICE o[BI 0HeHH0
Ry MBQ2ile60M)0 RH:HUIBDABRICIMOWEHIMNBES (aIUOM onilg
308eIEy® 68803 alClanClE860M)88 208(YEERO8He)0lafio @RCIYIEL. geOM®IEMN)
2MqU1RI086)0M)

Uni structural

BHH|BVBRIBLMOW H06MH)MMN 2l(@6BBU3 S7layd
B06M1BOIM) B)51EBUBH BHUIBDARIBYMOW &)

2188 60) afldHGBUOWIEM &15)aM).

Multistructur al

S8 ey MEB:HoMNILlOM H)0la)8Ball®

QUOBE® oM 1Ee)M).

| Loksabha passes Food
' Security bill {

{ New Delhi :The Loksabha has passed §
: the Food Security bill. The bill ensures
the distribution of food grains at a lower |
{ rate. The bill has been legalized to/}
{ distribute rice at a price of 3 rupees and |
| wheat at 2 rupees per kilogram. ‘d
N e b gttt -

al0QIOASUBEE H06TMOHH]TS @ §UIM §683UD
21.)2066)M@IM S8 wmjnamMdeandlon 8oy @ysSes
@061) BMHHUJMV}OBHHNIGE )M B)S)H08 aMYILI066)
any.
Relational

S4B B)S1HEBIS RHHUMV)OHHUW H6) 630) MIBQY
alMo ©)alld:E1686008 MBGEUTLe)d:W)o




Content : . Response/
Learning Activity &P .
Evaluation
@R@IMOUUD RO TVANIWO BaIYHW)o O2lQ)m).
@RYGOIN | HORIW 2lailmo Mee)maIm)calens]
BHHEMO @RYQUUDJIMITVOEMo AIRIAIHE)M MUIaN2I0)
Q06 BHHIM)OHHU o) &)S1H08 MIBQailee)m).
Extended Abstract
MEM)ES OIRJOV) BHULNVIOGHH D0al0He)MEIMOIW]
afleim0dearud MIBE3UDlee)AI0M STa)d @RYNAILDIOAS)
any.
)18 ®0696HIS)OMICIHH}MD) CaldeLIWw)S8S8
MIBGGUOEBRUB MIEANMOFYAUW S6YIM).
*  IM(®IVRIW &Y U3 MUI1E:0)Ee) .
* mlozo Al¥] ag)2oaI@se)o BHHUEMO D0QISO)H:.
*  9@3aloBMEeoRIO] &)0WH6)b:.
*  B{aHleaIQIM@IMOUUD RO AINBORNZ)
©@RIeT]AN8s G(aldENIa0Mo D0 OB} .
*  me] H{aHO10166886)012)S188 lClUoTalim Gomy)
U8 MocaiSlafle) .
Prestructural
& alells &)Sle0d86 & arloIsomlond allaoyo), al5le©ow
ooiled OMEN@3aldBMo, Ml ®alenss icwo @eolwle). 21003100 90
. SyeemM ailal
allmo o), 063303 00
M/} E3aldBMQ @0 6alQ))
ag)omlal any.
(zj)']eugg Unistructural
EITWo 1248 &yalolsomlond allmioy), emenadajosmo, & otilIseanes
am 1 rw am 166N 21085 afloanssyee)
2D\
ag)Mmicl @mIeN8s MmIMWo af)anlal $06M1Be)MMN 21083 -
)51 0386 2)MilEd (aIBAUDla{lee)am) m0@QpeEBud
@eaMog)Ql

(WESNedE




Content

L earning Activity

Response/
Evaluation

Extended
Abstract

21085

QIBaHo M} @3aloBMo 2MTVo6LY

(@®091)

B adloflsomlom
almSoyo

O@3aldBMo
(e18t0 sE[Y10B)

1971 8.75 13.65 213

1991 55 10.6 291

2011 2.08 5.69 3.34

Multistructural

21085 M1l alslewleal AlaEeBUEnM)T
@laj MVaMEEBW 0)al1H:Ela] EMOFIMNNHH]Td COELOQ]

S)OAIOB @RHOIUDYOAISYM).

QlBao @)EMMIF) Balddh)@MMI0)0 &yaHlwlsmmilend
@6 d AlMO{®], HMLNaITEIBMo, Ml H)0WEHV)]
al®dH RMIMV06UY &)SIGHQ)0 62lQ)aN) af)Mm &)1 03

MmO eRIOH]GaI0)0N).

Relational

BHHHUYBDRRIBLMW)OS (IR0 HEIENE af)(Tm)6NE0
YY) el (N)afl@8 2lB2) 621WG HOIME GRAIE]
afleeod S12Jd H)5)BESS @RYAIUDYOAIS)AM).
$)S@0¢ al0OWAN AUM@YOBUB @A {lee)).

*  B00lB0 AUBWILHM).

*  @ROles) calenEl Q’ MoMINIMEBBOS @YW
CHOENE] QD).

* ailadysyam).

*  sydolsomlen eres alltioy®] &yowyam).
allsmlalessud ArleemesyEaomonlvdy@0® alflel 203y

68308 M)EMMOg) AUWH0M Slaj@ H)51EE8IS @YU

©ajs)am).

HaHlcWOS)88 MIGMaNo BO) MVoMIE:00R0W]
20glOmd MaSeqls & aHlwilseasud mayss afloamss)

HH1B al0)}OAM B)S1HUB AlOWYM).




Review
*  BAHU| MV)OH:H af)MNITIf)(0)?
*  RHHY MUOHUWIOS GRAUUDIB® af)(»?
*  eauy qesumilalom :)0laj &)S)@@3 AflIEEEBRUY CUDELIGIH) .
Follow up Activity
GRIDBHTVE aldMVIBE® EHUIMV)OMHU Mmiaflom &)0laf &)S)@E8 AlaEEBRUd

GUOELIB1H6) B>




APPENDIX -VII A

LESSON TRANSCRIPT BASED ON SOLO TAXONOMY 2

Name of the teacher :
Name of the school
Subject

Unit

Topic

(English Version)

Ravati N

N.S.S. Boy’s High Schoadnai Std - VIII
Biology Duratior85 min
Let's regain diglds Date

Crises in the fgittural sector

Content over view:

Content Analysis
Terms:

Facts:

Concept
Major concept:

Crises in the agricultural sector, soil fertilipk of the soil

and soil testing.

Crises in the agricultural sector, essential elen of the
soil.
* Problems in agriculture can be solved by scientific
approach.
« Elements required for the proper growth of plamés a
known as essential elements.
« Essential elements are made naturally availabiledn
soil through decomposition by micro organism
« Climate change, fall in price, cost of productiao. e
are some obstacles faced by farmers.
* pH is an important factor that influence the groweth
plants.
» Presence of elements in the soil and the pH valne ¢
be identified by soil testing.
* Organisms like bacteria, fungi, algae, termitetrear

worm etc. can help to increase soil fertility.

Crises in agriculture: Farmers face many obstdides

climate change, fall in price, cost of productiorgp loss,




I nstructional objectives

Prestructural:

Uni structural:

Multi structural:

Relational:

Extended Abstract:

Prerequisites:

Learning Material:

lack of space, exploitation by middle man whichdeto

crises in agriculture

Pupil is unaware of the obstacles faced by farnessential

elements, and soil testing.

Students list factors responsible for crisis inagture and

gives more examples for essential elements praséime soil.

Pupil recognizes all the factors responsible f@i€in

agriculture and notes essential elements preseheisoil.

Students combine and analyses factors responsib&zi§is in
agriculture and tries to suggest measures to thidgms.

Students recognizes the significance of pH in tie s

Children suggests various ways to solve the diisis
agriculture and reports how bio fertilizers aretéxethan

chemical fertilizers

Problems faced by farmers

Climate change adversely affects agriculture.
Agriculture land is decreasing

Chemical fertilizers destroy quality of the soil.
Chart showing problems in the agricultural sector

Chart on soll testing




Content L evels of SOLO Taxonomy Evaluation
Introduction
Teacher tells a story about few farmers who
complained about their loss in agriculture to thmg.
They said they had to face many challenges to get a
better yield. King understood the difficulties afrfners
and put many policies to solve those problems| for
ensuring food to all people in this country. Afserying
this story teacher moves to the topic crises| in
agriculture(BB).
Prestructural
Crisis in . . .
Children don’'t know how to describe crisis |in
agriculture .
agricultural sector.
sector _
Uni structural
Teacher asks students to list some factors
ible 1 L cult Explains
responsible for crisis in agriculture. obstacles faced
Students list some factors like drought, stormy farmers.
plant diseases etc. Suggests

Multistructural

Teacher shows a chart showing main reasgfigplems in

behind crisis in agriculture.
CHART

OBSTACLESFACED BYFARMERS TODAY

Fall in
Price

Lack of
space

Climate
change

Environment
destruction

issue.

measures to
solve current

agriculture.




Content Levels of SOLO Taxonomy Evaluation
Students recognize the factors behind crise$ in
agriculture and note it in their note book.
Relational
Teacher asks students to combine the fagtors
responsible for crisis in the agricultural sectorda
describe how it affects agriculture.
Students points out how exploitation of middle
man, climate change, fall in price, cost of produtt
and crop loss lack of space, environmental destruct
and health issues affect agriculture.
Extended Abstract
Teacher asks students suggest some ways to [solve
the crisis in agriculture.
Pupil suggests many ways to come out of |the
problems related to crisis in agriculture and répdrin
the class.
Fertile Prestructural Defines
soil as the Pupil are unaware about the essential element| asgential
basis of | testing of soil elements.
food Uni structural Lists essentig|
security Teacher asks students to write few names edéments.
elements present in the soil, which help in plantngh | Suggests
Pupil writes Nitrogen, carbon, Hydrogen etc. measures {0

Multistructural

Teacher displays chart about essential elem

necessary for the growth of plant.
CHART

Soil Testing
Essential elements are required for proper grow
of plants
Carbon, Hydrogen, Nitrogen and Phosphorous an
examples
pH of the soil influences the growth of pants
Presence of elements in the soil and pH can be
identified by soil testing

regain fertility
eoftshe soil.




Content

L evelsof SOLO Taxonomy

Evaluation

Pupil observes chart and notes essential

element necessary for proper plant growth.
Relational

Teacher explains how pH of the soil affects

plant growth and microorganisms decompose
essential elements to make them available for
plants. Teacher asks students how one could K
the presence of essential elements in the soil.
Students recognize the significance of pH
the soil and its effect on plant growth. They daatt
it is by testing of soil, we can find out the prese
of elements and pH in the soil.
Extended Abstract
Teacher asks the students to discuss @an

the
the

now

ho

composition of the soil affects growth of crops and

why it is said that natural fertilizers are bettiean
chemical fertilizers.

Pupils after discussion reports that thare

many organisms present in the soil like bacteri

fungi, algae, termites, earthworm which help
decomposition of essential elements and incre
soil fertility. All those natural organisms a
destroyed by use of chemical fertilizers wh

destroy the natural soil texture and microorganis

present in the soil.

Review of Questions:

+ What are essential elements?

* What is the importance of the soil testing?

* What is the significance of pH in soil fertility?

Follow up activity: Visit an agriculture office and collect informai about soil

testing




APPENDIX - VII B

LESSON PLAN TRANSCRIPT BASED ON SOLO TAXONOMY ||

Name of the teacher
Name of the school

Subject
Unit
Topic

(Malayalam Version)
: GOQU®] ag)(d
: ag)08.ag)n.ag)nd,cenio oy Std: VIHI
06003, Oaloym Duration : 35min
: 270000 (o Date :

 fleenes)eeoo Allsmalesnud
. 98BS EaIRIWSA! (al® VWIS U3

Content Overview:

Content Analysis
Terms:

Facts:

S0l ca6leiwleal (al@lmawlsud, asmlend afBlalja¥is],

asgled pH asm)alelewoowm.

$0BaHl B CaeIRIWOAI (aI@ITVMWIE:U3, @RIV IM)EINEBEUT,

asmlead pH

* IMI@IY MVAlINOTR)OS H0BaHls CRAILIW)eS

(aUOMEBBUY al@lan®1EHIMIB:)0

* (UVLEBBRE)OS OICIONIW AUSB W EHINUIUDIROW M)LId,
68368 @RIV MRIGEBBUS af)aM) alOW)M).
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Concepts
Major concept:

Pre Structural :

UniStructural :

MultiStructural:

Relational:

Extended Abstract:

Pre Requisites:

Learning Materials:

&IBat]H Ca6ULIV]AL! (alD]TVAW]H08: &)\ atle6n0d @rEIn)

1 O1eHRMNE] AIOYM  H02100IMLNAI @ IIMo,
afleimadiso, ®@3aloMeojalal, allsMmatiso, MuoLlalclalo)],
OSMIRISHI0)OS aljaHemMo af)M’l (al@1ENITWEBBEU3 & 0@aHld:

coeURIReAl (aI@IMVMWIB) &H006MAIE)aM).

Pupil are unaware of the obstacles faced by farmers, essential

elements, and soil testing.

Students list factors responsible for crisis in agriculture and

gives more examples for essential elements present in the soil.

Pupil recognizes all the factors responsible for crisis in

agriculture and notes essential el ements present in the soil.

Students combine and analyses factors responsible for crisisin
agriculture and tries to suggest measures to the problems.

Students recogni ze the significance of pH in the soil.

Children suggests various ways to solve the crisis in
agriculture and reports how bio fertilizers are better than
chemical fertilizers

* HAUBHM @REINYELBHO1B6)M (AlUdMEBBUY

* 0RO IWIMOo B{aHlOW (al@d:)RIn0W]

6nIoW1He) M),
*  BHHWISEBIOM @RSAT &»)06m) O&06MEG]He) ).

*  MAISERUd agnlend cam @AH6)aM).

*  $08aHdcneuRIReal (al@ITVAWIE:3 &06m1ee)am

210@3.

* 261 al6leudWMm®IeS AflaIE6EBRUY @RSEEIW 2103




L earning Activity

Response/
Evaluation
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Evaluation
Relational
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Extended Abstract
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Review
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APPENDIX - VIII A

LESSON TRANSCRIPT BASED ON REVISED BLOOM’'S TAXONOMY -I
(English Version)

Name of the teacher : Ravati.N

Name of the school : N.S.S. Boy’s High sch&arunnai Std : VI
Subject . Biology Duration : 8bn
Unit . Let’s regain diglds Date :
Topic : Crises in the Agittiral sector

Content over view: | Crises in the agricultural sector, solil fertiliptl of the

soil and soll testing.

Content Analysis:
Terms : | Crises in the agricultural sector, essential elens of

the soil.

Facts : | Problems in agriculture can be solved by scientific

approach.

=74

» Elements required for the proper growth of plamés g
known as essential elements.

* Essential elements are made naturally availabilean
soil through decomposition by micro organism

» Climate change, fall in price, cost of productido e
are some obstacles faced by farmers.

* pHis an important factor that influence the growth

plants.

(¢

* Presence of elements in the soil and the pH valne
be identified by soil testing.
» Organisms like bacteria, fungi, algae, termitetrear

worm etc. can help to increase soil fertility.




Concept

Major concept :

Instructional Objectives

Remembering :

Understanding :

Applying :

Analysing :

Crises in agriculture: Farmers face many obstdides
climate change, fall in price, cost of productiorgp
loss, lack of space, and exploitation by middle man

which leads to crises in agriculture.

Pupil remembers,
Fertile soil is essential for agriculture.

Problems related to agriculture.
Nutrients present in the soill.

Scientific methods can solve problems associatéa wi

agriculture

Pupil understands,

Influence of pH on plant growth.

Solil testing to identity fertility of the soil.
Significance of essential elements for the propewth
of the plant.

Use of scientific methods to solve crises in adtioe.

Pupil applies knowledge in,

Testing fertility of the soil.

Practicing scientific methods in agriculture.

Applying manure according to the deficiency of rernits
in the soil.

Making bio fertilizers like vermicompost.

Pupil analyses,

Presence of essential elements in the soil.

Manures which contain essential elements.

Effect of pH on plant growth.
Various scientific methods and its applicability.




Evaluating

Creating :

Previous Knowledge

Learning Materials :

:Pupil evaluates,

Quiality of soil.
Problems faced by agriculture sector.

Present methods of agriculture.

Pupils creates,

Making vermicompost.

Testing soil with pH paper and determining its gyal
Making a collague showing the obstacles faced by

farmers.

Visiting an agriculture office and collecting infoation
about soil testing.

Proposes new solutions for the problems faced by

farmers.

Climate change adversely affects agriculture.
Agriculture land is decreasing.
Chemical fertilizers destroy quality of the soil.

Picture of agricultural land.

Chart showing factors affecting crises in agricudtu

Roots of leguminous plants.




Content

Objective/specification

Learning Experiences

Evaluation

Preparation

Presentation

Crises in the
agricultural sector

Remembering/ recalls
favourable times in
agriculture, recognizes
differences in past and
present agriculture.
Understanding/
interprets chart,
expresses factors
causing crises in
agriculture.

Teacher shows some pictures

of agricultural land which arg

\1%4

flourished by numerous crops
with full of greenery. After
the beautiful sights, teacher
shows some pictures of
barren agricultural lands and
asks students to note the
differences between the two
pictures. After summarizing
student’s responses teachel
moves to the topic crises in

agricultural secto(BB).

Teacher shows a chart
showing different factors

What are the

factors causing

affecting agriculture. Teachercrises in

explains how climate changeagriculture?

exploitation by middle man,
fall in price, cost of

production, crop loss, lack of
space, environmental
destruction and health issues
affect agriculture.




Content | Objective/specification Learning Experiences Evaluation
Applying/ locates
problem in agriculture CHART
sector expresses ideas
to solve these problems
Climate . .
change Fall inprice
Eg‘\"/"r‘::it:g;” Crop loss Lack of space
Environment Health issues
destructior
Essentiall Understanding /cites Teacher explains that elements requirediVhat are
elements|examples of essential for th h of ol " "
elements, defines or the proper growth of plants are known asessentia
essential elements. essential elemen{8B). Carbon, Hydrogen, | elements?
Applying/ arrives at a | Oxygen, Nitrogen, Phosphorous, PotassiumGive
generalization that Sulphur(BB) are examples of essential examples
essential elements are =UIpnd P P
necessary for p|ant elements in the soil. Teacher shows roots of
growth. leguminous plants to identity the presence of
. microorganisms and its effect on plant
Understanding/ sees
relationship between pHi growth.
of the soil and plant
growth.
Analysis/locates parts
of leguminous root
pH of . . :
. Teacher explains that pH of the soil | What is
the soil
affect soil fertility. It can be tested in a the effect
laboratory.Optimum pH value is necessary faf pH on
plant growth. Alkaline and acidic soil hindersplant
plant growth. Teacher shows some pH papegsowth?

used as pH indicators.




Review Questions

4.

1. What are the obstacles faced by farmers
2.
3

. What are essential elements

Why soil testing is important in agriculture

Give examples of essential elements.

Assignment: Write an assignment on essential elements.




APPENDIX- VIII B

LESSON PLAN TRANSCRIPT BASED ON BLOOM'’S
TAXONOMY 1

(Malayalam Version)
Name of theteacher : cocu®) agm

Name of the school  : ag)m.ag)a.agy, centoony Std: VIII
£6a0Md) 03, OaloymM Duration : 35min

Subject : 270000 (o Date :

Unit : Aleenesyeeoo aflsmlalesud

Topic L @BHHUY (NV)OMHU

Content Overview | 8&H TVI0HH

Content Analysis:
Terms; | G&HITVYOEH, @HH6M BVBAIR 0

Facts: | « ogajoaidesio @RI000MMIEEMe RM:HUEMo AIRYA0

)N MVOAN2IOJAVEM) BEHMV)OBH.

* @REOEINLAGIMAIW BO) M| MVAYOCTHIM EHMYTV)

OHH @D TMICAlaHI @06,

* LMOAVo6ULOAIBRLMAT, @ROINLIW, AI8H6)0)88
261 I8 @00, &ORIDAIMAd AYGIIMo, &S
6BB8)6S @RY(BAEMo af)MNIU BG:HIBDARIG W &6)

SO0EMAIBYM).

* 1VIM@IVNIW & HI B B:SR)6S

RHULMVIOBHW)OS (lUOMEBBUB al@lan®1EH Moo

* @ROUUDINIW @RSAIITE BdH6Mo AIG AN IMB]HE) b,
BAHEM alBOBMAEBBSIOS 10T ag)anlal

&MU BDARIG OWIGRISS MW]ee)a).

* R&:HUIBDABRIZY® BIGIBOMIM)0, BaldaHd:IaNI0HE)0

ailm)o &0EEMMIE:)M)

* RMTVo6LY, BAHIRIBYDM, RHUIGREINAI® BCHU I
GO0 af)MIU @RYEM EBH:HUIBDVRRIR MO MIdemw]

BN CAISHE8B03

* LMV AUBRLMAOT BHUMOHUTEE 60) 6Ll

gloem.




Concepts

Major concept:

Learning Objectives

Knowledge Domain:

Process Domain:

Application Domain:

Attitude Domain:

Creativity Domain:

&MU M)OH aFAUBHN)0 @RYGOIW JalonoW lail®mo MWl
HOIM@IM) GAUENE BdHEMo @RHAUUDOMYTVOEMo RIR YA
&I MVOAN2IOIAOEN B | TV)OEH.

Pupil develops knowledge in the above mentioned terms
and facts,

Relationship between population growth, availability of
agricultural land and rice production

Population growth as a threat to food security.

Ways to solve problems related to food security.

Pupil develops process skillsin,

Observing news on food security bill in the newspaper.
Drawing inferences from the newspaper report about the
need and importance of food security.

Discussion on food security of Kerala.

Listing different factors causing food scarcity during group
discussion.

Pupil applies knowledgein,

Sensitizing society about the importance of food security.
Observing production of different crops.

Using barren land for agriculture.

Starting agriculture at home and school premises.

Pupil develops positive attitude towards,

The need to ensure food security in our country.
Responsibility of every citizen to promote agriculture.
To minimize the misuse of food.

Practising scientific ways of doing agriculture.

Pupil develops creativity in,

Organizing a street play on the needs to ensure food
security.

Writing an article on the importance of food security.
Creating an album on various methods of agriculture.




Pre requisites:

Learning materials:

@RYEOIN alo20® mejElallmo MW1eednd edmxemo
@)UY AO6M.
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S6)M 21083.
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HO6eMNBO)M 210@S.

Content Objectives/ Learning Experiences Evaluation
specifications
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Learning
Experiences

Evaluation
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APPENDIX -IX A
LESSON TRANSCRIPT BASED ON REVISED BLOOM’S TAXONOMY -11
(English Version)

Name of the teacher : Ravati.N

Name of the school : N.S.S. Boy’s High sch&arunnai Std : VI
Subject . Biology Duration : 8bn
Unit . Let's regain diglds Date :
Topic . Food safety andses in agriculture

Content Overview : | Food safety
Content Analysis :
Terms: | ¢ Food security, Scarcity of food
Facts:| « Food security is the condition that ensures suffiti
food for everyone.
* Food security is necessary for a healthy and better
society.
* Increasing population, lack of knowledge, lack atife
soil are the reasons for scarcity of food.
» Scientific way of agriculture can solve the probseatf
food scarcity.
* Food scarcity is the insufficiency in amount of dao
shortage of food materials.
* Foods scarcity leads to poverty and malnutrition.
* Population, food availability, food access and fosé
are the factors determining food security.

* Food growth is the risk factor for food security.

Concepts:
Major Concept : | Food Security. Food security is the situation that ensure

sufficient food for everyone to lead a healthy.life




Instructional Objectives:

Remembering:

Pupil remembers,
Food security bill passed at Loksabha,
Reasons of poverty.

Population of India.

Various crops cultivated in India.

Factors affecting agriculture.

Understanding:

Applying :

Analyzing :

Pupil understands,

Food security bill passed by Loksabha which ensures
distribution of food grains at lower rate.

Food security is the situation that ensures sefficfood for
everyone.

Scientific methods for ensuring food security.

Poverty and malnutrition due to food security.

Population growth as a threat to food security.

Pupil applies knowledge in,

Giving awareness about the importance of food $cior
the society

Observing production rates of different crops.

Using barren land for cultivation.

Analysing laws on food security.

Starting agriculture in school premises and at home

Pupil analyses,

Problems related to food security.

Problems faced by farmers.

Factors responsible for food security in India.

Effects of population growth on food security.




Evaluating :

Previous Knowledge :

Learning Materials :

Pupil evaluates,

Scientific methods used to solve the problems mrcafjure
sector.

Factors related to depletion of agricultural land.

Effect of population on food security.

Obstacles faced by farmers today.

Food is necessary for a healthy and better living.

Food is obtained through agriculture.

Rice is the main crop cultivated in Kerala.
Unavailability of food leads to malnutrition.
Paper cuttings showing food security bill

Chart showing year wise analysis of rice production

Chart showing obstacles faced by farmers

Content Objectives/Specifications Learning Experiences Evaluation

Preparation | Remembering story of Teacher narrates the story of

situation of food

availability.

Mahabali, student
recognizes the present | There was no scarcity for anything. At

Mahabali, Raja of Kerala and his rul

D

=

that time Kerala was a country, whic
is prosperous similar to heaven.
People are well fed and healthy.
Teacher asks certain questions like;
can you compare present situation in
Kerala with the ancient one when
Mahabali was the ruler?

After the answers of students; teacher
discusses about the need and

importance of food securityBB).

Presentation | Understanding/verifies

Food food security bill,

Security Bill.
the bill.

describes main points of

Teacher: Shows the newspaper Explain

cutting which shows approval of Foo%od

Security Bil(BB) in Loksabha security

bill.




Reasons for

| Loksabha passes Food °
’ Security bill {
New Delhi :The Loksabha has passed .
the Food Seeurity bill. The bill ensures #
the distribution of food grains at a lower |
rate. The bill has been legalized tg g

distribute rice at a price of 3 rupees an
{ wheat at 2 rupees per kilogram. ﬂ

The bill ensures the distribution of

What are
the reasons

scarcity of | ynderstanding /lists food grains at a lower rate. This bill
food reasons for food scarit has been legalized to distribute rice pfor food
1a price 3 Rs. And wheat at 2 Rs. per scarcity?
kilogram.
Teacher: Asks students to tell reasons
for food scarcity(BB).
Content Objectives/Specifications Learning Experiences Evaluation
Application / predicts After gathering answers, teacher
solution for solving the | e yjains that uncontrolled populatior
problem of food scarcity. o ]
growth, unscientific agricultural
methods, climate chandBB) etc.
affects food scarcity.
Food Understanding/ Teacher displays a chart showing areg ow
Security Compares_ and contrasts| of land for cultivation, production of population
population, area available
for cultivation and rate of CHART available
production of rice. Year | Rice production Population | for
Applying / establishes Areaof | Production" €S cultivation
i i land f .
relatlonshlp.between Ca:? tt_Jr (in lakh affects
factors leading to food utvation | nnes)
scarcit (in lakh food
Y hectors) .
Evaluating / expresses || 1971] 8.75 1365 213 | Scarciy:
dislike towards causes 1991 cc 106 2 o1
behind food scarcity. ' ' '
2011 2.08 5.69 3.34
Teacher asks students, following

guestions.




Content Objectives/Specifications Learning Experiences Evaluation

* What happened to the area |of
agricultural fields from the year
1971 to 20117

* What tendency observed in rice
production and population growth
during the period.

NJ

* Is the tendency desirable? Why

After the question answer session
teacher explains how the factors are

related.

Review:
1. What is food security bill?
2. Define food security.
3. Explain how population growth affects food scareity
4. What are the obstacles faced by farmers?

Assignment:

Collect pictures showing agricultural loss and ssjgvays to overcome it.




APPENDIX - IX B

LESSON PLAN TRANSCRIPT BASED ON
BLOOM’'S TAXONOMY i

(Malayalam Version)

Name of theteacher : cocu®) agm

Name of the school  : ag)ad.ag)ad.ag)d,ceniomd Std : VIHI
6620 &) 03,0al0)M Duration : 35min

Subject : 2700003 (o Date:

Unit . allesnes) 8600 aflsmlelsmErud

Topic . 0B SHERAIRIISAI (Al@®IVMWI]H U3

Content Overview,

Content Analysis
Terms:

Facts:

&0BaHldheaelaIeal (al@lrurulseod, %”IQ(T(&) aDBlalja¥is),

oelond pH, 260} alB1EUOWM.

$0BaHlHCREIRIWIOAI (aI@]TVIWIE:UB,@R QLU §0)Ald:68BU3,

aeloadpH.

WIMI(@1@ MAlaINO®IRNES EOBaHEER6IRIW)AS

(UOMEBBU Al@lan®1E80IMOB:)0
MUV 6BBBOS GIOIMROW AUSA 2D HHONUUD MO M)Al
B6BBOS @RIV M)AIBEBBUS af)M) alO@)N).

) edinRlale.8)6s o_ﬂﬂelshjmﬁ@m% lalQUB@mMo
@)2lo @RAIVD M)LIHEBRUE QAEPITD (ald @ IBODR2IW]

RIRYQO6M.

SORI0QIMN0 AUI@IWOMo, Afleihaiso,
9@a]oBMe2jeln], af)m1EEEOM 60)aldS (al@VaWle:ud
HSHBaHUBHB BMEIS)M)6NE.

MUV EBRSIOS AUSBOHW MVIOWIMIBE)M BO) (aIWOIM
caisdo @REM aemlead pH.

26)alB1GUDOWMWIRNES AYIeLIN)LIGEBE)6S
muoanlwyanoe, PH meiyanoe @lelajolwoo.
U0 S 101 BB, B)A18)E08, @RTINGUB, 2l @3,

a6plo oseesle =laladyeesud asmlend aneal

al)ja®is], AIBAVIa{leI08 MVAnIWee)M)6MS.




Concepts
Major concept:

Instructional Objectives

Remembering:

Understanding:

Applying:

9Bt ca6eI]esl (aldTvawls o8 :6 | aHle60d @rE]
216718016 HHNE] QAUOYM  HORIDAUIMIND QU@ IOIMo,
afleimagiso, 9@3alosMeojelnl, algmatiso, muoelald)
2], OsSMaIBn0)eS aljaemo ag)T (al@1enIMuesBud

H0BaH]8ca6URIWNe! (al@IMVMUWIES &O0MAdH)aN).

Pupil remembers,

Fertile soil is essential for agriculture.
Problems related to agriculture.
Nutrients present in the soil.

Scientific methods can solve problems associated with

agriculture

Pupil understands,
Influence of pH on plant growth.
Soil testing to identity fertility of the soil.

Significance of essential elements for the proper growth of

the plant.

Use of scientific methods to solve crisesin agriculture.
Pupil applies knowledgein,

Testing fertility of the soil.

Practicing scientific methods in agriculture.

Applying manure according to the deficiency of nutrients
in the soil.
Making bio fertilizers like vermicompost.




Analysing:

Evaluating:

Creating:

Pre requisites:

Learning materials:

Pupil analyses,

Presence of essential elementsin the soil.
Manures which contain essential elements.
Effect of pH on plant growth.

Various scientific methods and its applicability.

Pupil evaluates,
Quality of soil.
Problems faced by agriculture sector.

Present methods of agriculture.

Pupils creates,

Making vermicompost.

Testing soil with pH paper and determining its quality.
Making a collague showing the obstacles faced by farmers.
Visiting an agriculture office and collecting information

about soil testing.

Proposes new solutions for the problems faced by farmers.

*  @REOINJaIo20® maRlall®o MW1eeom .exemo
@RUUD RO

*  H aHlWIRNeS BH:HMEMO AIRIMIH)OM)

*  CHOSOMOAR! (AWM BHIBUlBHANS8HEGd 30Mo6em
omaj

*  RHUMOTIONY LIBYOSH}0NT @RlEAIaUM OB EIHE

mee) )

. cﬂaénﬂd’]@’]sm’]a(@ afli@o.

*  H50GHImcanIeIReal (a@ITVIWIE:U3 & 06mlee)amn
210@S.

*  al©0)62ISIW)eS COIO)BUd




Content

Objectives/
specifications

Learning Experiences

Evaluation

Preparation

Presentatior

0B aHlS ARl
wleal (eIl

W13

Remembering/
By aHlBOMY M)Al
20® MVaN2lD)
68368 H)31H 0B
BOB6OS)HH)
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OOMW)o DB O
SOOOW)0
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& Ul 58165 2 l(@68803 ST @ )
SlB:0386) B06M1a))0d0S)E8e)aN).
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®O1000W15 9 Gald:Hlaflglolesymm
&\ oHlWISEER8)6S 2il(@6E38)0
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OGOV EE SHSHO)M).
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#e)m adlaflw eaIse:68303
H06M1BOYMN 21085 @OEL O ild:
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68303 ag) Ml & atleo® eniowl

H6)aM).

&0BaH1HC0
eueIlerl
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&B)OS  BH00
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Content Objectives/ Learning Experiences Evaluation
specifications
understanding/ 21085
21083
DO HBaULM8 @REla) 6 e 0le6) 0
QUjo6L oMo (alolavawle o3
6 21DO@IM) .
BUoaso @0Beadles ||| PSOTR0 || aleweEeo
QU @lomo I
caaleIWleal ermagion
Lad@loro ol R
8)6S HO06M ©)9SaljeHemo, moelalele).
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£6)M).
App| yl ng/oeaéoﬂrﬂ @RGOIWY (alUSMEBBUI.
@pElm) 6160l
#6910 (alUdm
68303 B6)61TROTM)
&W)o al@lanoo
203(Q6BRUd
QUL BOAIEH)
SW)o §2lQ)m).
@pAINDIMEIS | Understanding/ | TVIVIEEES)OS 10RIIQAISAB) af)MO6M
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@MY, @RAUUDY | alO@)MN®. HORENIEND, @rRAIV M
%]Z“ﬁ’a?@@ 00a0((WRM, B0 TVIRM,00M(S B6BBBH6)
MBQ 2l
& . £2m, 3Ga0d0MIan0m’, §alogomu o, | 23N
seym)Applying/ 3
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DB @00 @)Ll | BRUIBES DBIADOEMEBRSIEN. Oy
63308 @O al@0)0aISI)eS GO &06Mla])
GalaHlm2066Mm . .
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Content Objectives/ Learning Experiences Evaluation
specifications

asplecd pH  Understanding/ | pH myeigo aeglend maLyI8da

o o pH

el 936}916)“?, pH aNBlal}aHS1OW af)6BBem qUIOWT OO0
m)a1501)0 (L ey afan Slayd@ alwdls | v oo
B ajw)o ©186)0M).@RM) H)eIm0w PH SO
omlenss

NITWo @ROIW)

;.

Analyzing /
nIQO) 621S1W)6S
alailw @omnesRud
YICYEEXEIPY]

SONBOMYN).

(BB) cmumuyaisdajdes
@OV yR06T. AER1ON8 £:400
LIGOAUAN 0 @RAMIEMAUY0 VAV
Igdajeow sniowlesymm). pH
V) 2l68808 PH Galajo)o s%248
KW@ (a1BBUTla]lee) ).

Review Questions :

*  HaHle600 @EID)OI1B:C1H0)0MN (Al@ITVITWISHUE agal?

*  26m) ~l0leudWWEE &ieHlWIaNSSs (alWIMo ag)B)?

*  af)MmOEM  @RAIUDIM)LIBE8BUB?

*  @RAIIMLIGEEBUIEH DBINOOEMO MTIH)H.

Follow up activity

@RIV I@)LIBHEEEOS alf] BO) GPEOIVIBERONT OQIOIBE)




APPENDIX - XA

LESSON TRANSCRIPT BASED ON
Mc CORMACK AND YAGER’S TAXONOMY 1

Name of the teacher
Name of the school
Subject

Unit

Topic

(English Version)

Ravati.N

N.S.S. Boy’s High sch&arunnai Std VI
. Biology Duration : 35 min

Let’s regainrdields Date :

Food safety amides in agricultre

Content Overview :
Content Analysis :
Terms:

Facts :

Concepts:
Major Concept

Learning Objectives:

Food safety

Food security, Scarcity of food

* Food security is the condition that ensures swfitfood for
everyone.

* Food security is necessary for a healthy and bstigiety.

* Increasing population, lack of knowledge, lackertife soil
etc. are the reasons for scarcity of food.

» Scientific way of agriculture can solve the prob¢eaf food
scarcity.

* Food scarcity is the insufficiency in amount of dao
shortage of food materials.

* Food scarcity leads to poverty and malnutrition.

* Population, food availability, food access and fosd are
the factors determining food security.

* Population growth is the risk factor for food setyur

Food Security: Food security is the situation that ensures
sufficient food for everyone to lead a healthy.life

Pupil develops knowledge in the above mentioneddeand
facts,
Relationship between population growth, availapidit

agricultural land and rice production
Population growth as a threat to food security.

Ways to solve problems related to food security.

1




Process Domain:

Application Domain:

Attitude Domain:

Creativity Domain:

Learning strategy:

Pre requisites:

Learning Materials:

Pupil develops process skills in,
Observing news on food security bill in the newsap

Drawing inferences from the newspaper report ablmiheed
and importance of food security.

Discussion on food security of Kerala.

Listing different factors causing food scarcity idigrgroup
discussion.

Pupil applies knowledge in,

Sensitizing society about the importance of foatlisgy.
Observing production of different crops.

Using barren land for agriculture.

Starting agriculture at home and school premises.
Pupil develops positive attitude towards,

The need to ensure food security in our country.
Responsibility of every citizen to promote agricud.
To minimize the misuse of food.

Practising scientific ways of doing agriculture.

Pupil develops creativity in,

Organizing a street play on the needs to ensui geourity.
Writing an article on the importance of food setyuri
Creating an album on various methods of agriculture
Group discussion

Observation

Food is necessary for a healthy and better living.
Food is obtained through agriculture.

Rice is one among the main crop cultivated in Kaeral
Unavailability of food leads to malnutrition.

VIl Standard Basic Science text book for analysiaig of rice
production, availability of land for cultivation drpopulation.

Power point presentation showing pictures of forataty




Learning Activity

Evaluation

Introduction
Puplil listens to the story of a farmer called Raama his

love towards agriculture. The name of his houséHaritham”,
which shows his love to nature. Fifty acres of lawdhed by him
had traditional fencing with plants. There are masmyieties of
vegetables, fruits, tubers, coconut etc. Teachglaexs the beautifu
sight of his farm and asks students certain questike, what will
happen if there are no such persons like Ramu.r Aitdecting
answers from students, teacher moves on to the tepdd Safety
(BB).
Activity 1

Students observe the illustration and newspapeanrtep/en
on the page number 35 of the VIII standard Basier®e text book
She directs the children to discuss the matterongs with the helf

of the indicators given in activity cards and tatevtheir inferences

in the science diary.
Indicators

e Reasons for scarcity of food

* Role of science in solving the problems in agriodt

* Relevance of food security
Consolidation

The leader of each group read out their inferemsedved

out of discussion and consolidates the activitfjoasl security is the
situation that ensures sufficient food for everytmdéead a healthy

life. Thereafter she shows a power point presamtaghowing

pictures related to food scarcity. Teacher sitares examples of

scientific ways of agriculturéBB) and its relevance in ensurif

food security.

D

9

Pupil observe
and writes
) inferences




Learning Activity

Evaluation

Activity 2

Teacher asks the children to observe the tableisigoyear, production
of rice, available land for cultivation and popigaton the chart.
Students were asked to analyze the chart carefothywrite their

inferences based on the indicators in their scieleey

CHART

Year Rice Production Population in

Land for cultivation| Production in lakh crores

in lakh hectors tones
1971 8.75 13.65 2.13
1991 55 10.6 2.91
2011 2.08 5.69 3.34
Indicators

e What are the changes that occurred in the aregradfudtural fields
from the year 1971 to 2011?

e What tendency could be observed in rice produciah populatiorn
growth during the period?

e |Is this tendency desirable?

Consolidation
Teacher consolidates the activity by asking stuslémtread the
inferences. Summarizingam points from students, teacher says that

increasing population there is no increase in amgdlable for cultivatio

of crops and production of rice which leads to fegdrcity(BB). In orde

to ensure food security in the country, for a peveps future, everyor

should promote agriculture.

After careful
observation of
chart , students
writes inferences i

the science diary




Review Questions

What is meant by food security?

What is meant by food scarcity?

State the need and significance of food security?

Follow up activity
Write an assignment on the topic “Role of food sigun the prosperity of a nation”




APPENDIX- X B

LESSON PLAN TRANSCRIPT BASED ON MC CORMACK
AND YAGER’S TAXONOMY 1

(Malayalam Version)

Name of the teacher coo®) agm

Name of the school  «g)ad.ag)a0.agymd,ceniomd Std VI
6620 &) 03,0al0)M Duration : 35min

Subject =la100omi(@o Date :

Unit : aeenes @00 allgmlelsesud

Topic I UMV} OBH

Content Overview:

Content Analysis
Terms:

Facts:

AU NV O U
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NHe)am LIS H:68303
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Concepts
Major concept:

Learning Objective:

Knowledge Domain:

Process Domain:

Application Domain:

B (TV) 0 BU:0BOURHN) 0 @RYCOIN §alEndW &Rlailmo
MNEO)M@IM) BN BH:HEMoO @YUV LOMYMVOEMo

BlE A0 )M (TUOO.OQJ(OCSO()TT")J BdhY V) O hH.

Pupil develops knowledge in the above mentio

terms and facts,

Relationship between population growth, availapidif

agricultural land and rice production.
Population growth as a threat to food security.

Ways to solve problems related to food security.

Pupil develops process skills in,
Observing news on food security bill in the newsap

Drawing inferences from the newspaper report abioau

need and importance of food security.
Discussion on food security of Kerala.

Listing different factors causing food scarcity ithgr

group discussion.

Pupil applies knowledge in,

Sensitizing society about the importance of food

security.
Observing production of different crops.
Using barren land for agriculture.

Starting agriculture at home and school premises.

ned




Attitude Domain:

Creativity Domain:

Pre requisites:

Learning materials: |

Pupil develops positive attitude towards,

The need to ensure food security in our country.
Responsibility of every citizen to promote agricué.
To minimize the misuse of food.

Practising scientific ways of doing agriculture.

Pupil develops creativity in,
Organizing a street play on the needs to ensuik foo
security.

Writing an article on the importance of food seturi

Creating an album on various methods of agriculture
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Learning Activity

Response/ Evaluation

Introduction
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Learning Activity

Response/ Evaluation
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Learning Activity

Response/ Evaluation
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Review Questions
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Follow up activity
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APPENDIX —XI A

LESSON TRANSCRIPT BASED ON Mc. CORMACK AND

Name of the teacher :

Name of the school
Subject

Unit

Topic

YAGER'S TAXONOMY-II

(English Version)

Ravati N

N.S.S. Boy’s High schoainai Std - VI
Biology Duratior85 min
Let's regain diglds Date

Crises in the Amiftural sector

Content over view:

Content Analysis:
Terms

Facts :

Concept

Major concept:

Crises in the agricultural sector; soil fertilipkl of the soil and

soil testing.

Crises in the agricultural sector,essential elep@itof the soil.

Crises in agriculture: Farmers face many obstdidesclimate
change, fall in price, cost of production, cropsldack of space
and exploitation by middle man which leads to @ise

agriculture.

Problems in agriculture can be solved by scientific
approach.

Elements required for the proper growth of plaméskaown
as essential elements.

Essential elements are made naturally availabilearsoil
through decomposition by micro organism.

Climate change, fall in price, cost of productida &e some
obstacles faced by farmers.

pH is an important factor that influence the growtiplants.
Presence of elements in the soil and the pH vaoebe
identified by soil testing.

Organisms like bacteria, fungi, algae, termitetfearorm

etc. can help to increase soil fertility.




Learning Objectives

Knowledge Domain:

Process Domain:

Application

Domain:

Attitude Domain:

Pupil develops knowledge in,

Factors leading to crises in agriculture.

Scientific approaches to solve problems of agnioelt
Role of pH in plant growth.

Identification of sail fertility through soil testg.

Significance of essential elements for the propewth of

plants.

Soil fertility affects food security.

Pupil develops process skills in,

Observing the pictures related to crises in agtical
Forming a definition for crises in agriculture.

Discussing and listing factors responsible foresism

agriculture.

Drawing inference from the activity card regardswl and

essential elements.

Forming generalization about the crises in agniselduring

group discussion.
Pupil applies knowledge in,
Solving problems in agriculture.

Listing important factors for maintaining a vegdéafarden at

home.

Finding and adopting modern trends in the fielégriculture.
Adopting scientific agricultural practices.

Testing soil to determine its quality.

Pupil develops positive attitude towards,

Using scientific approaches in agriculture.




Testing the soil before farming a crop.
Maintaining the pH of the soil.
Practicing and promoting agriculture.

Maintaining fertility of the soil by use of biolazal control

measures and bio fertilizers

Creativity Domain: | Pupil develops creativity in,

Collecting photos showing crises in agriculture.
Developing new methods for agriculture and farming.
Practicing crop rotation.

Organizing awareness programmes to ensure fooditsecu
Learning strategy: | Group Discussion

Observation and analysis

Pre requisites: | Problems faced by farmers

Climate change adversely affects agriculture.
Agriculture land is decreasing

Chemical fertilizers destroy quality of the soil.
Learning materials: | Chart showing problems in the agricultural sector
Picture of barren land

Newspaper cuttings showing crises in agriculture.

Chart on solil testing




Learning Activity

Evaluation

Introduction :

Teacher shows the picture of barren land wk
was used as a field about ten years back, andsasétentg
to discuss and report their opinions, related o plcture.
Pupil gives a number of opinions and teacher dréutir
thoughts towards crises in agriculture se(Bi).
Activity.1

Teacher asks children to observe chart shoy

crises in the agricultural sector. She divides jsumi to
different groups for discussion using the indicataritten

on the activity cards.

nich

viAgpil observes chart an
found out more factors

for crises in agriculture.

Chart
Climate Fall in
Exploitation by  /Crop loss

. middleman R

Environment
destruction

Indicators

» How these obstacles affect a farmer

» List more obstacles for the crises
Consolidation
Pupil discusses and presents their findings byragdiore
information to the picture and lists obstacles food
security. Teacher consolidates the activity bgssting the

need to approach agriculture through scientific hods

(BB) to overcome the crises.

d



Learning Activity

Evaluation

Activity-2

Teacher displays a chart about soil testing and ask

children to observe, discuss and write inferencesheir

science diary on importance of soil testing.

Soil Testing

» Essential elements are required for proper growth g
plants

» Carbon, Hydrogen, Nitrogen Phosphorous are
examples of essential elements

* pH of the soil influences the growth of plants

* Presence of elements in the soil and pH can be
identified by soil testing.

Consolidation
After collecting inferences from pupils teacher solidates
the activity by saying, elements required for theper

growth of plants are known as Essential EleméBB) and

it is made available in the soil through decompasitby

microorganisms. pH is another important factor \uhi

influences soil fertility. Elements in the soil apH value of
the soil (BB) can be identified by soil testin(BB) for
proper manuaring and better yield.

Pupil discusses and
writes inference that;
soil testing is an
important factor in

farming.

Review of Questions:
* What are essential elements?
* What is the importance of the soil testing?

* What is the significance of pH in soil fertility?

Follow up activity:

Write an assignment on the scientific methods ®rawme the crises in agriculture.




APPENDIX - XI B

LESSON PLAN TRANSCRIPT BASED ON Mc. CORMACK AND YAG ER’S

TAXONOMY I
(Malayalam Version)

Name of theteacher : cocu®) ag)m

Name of the school  : ag)ad.ag)ad.ag)md,ceniomd Duration: 35min
6620 &) 03,0al0)M Std: VIl

Subject : 270000 (o Date :

Unit : Aleen=s)e60o allsmlalsenud

Topic . 98BS EaIRIWSA! (al®IVMWIBHUd

Content Overview:

Content Analysis:
Terms:

Facts:
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$0BaHlH GaRIRIWIAAI (aI@ITVIWIE:U3 @RI M) EIH,

6aB08, agplead pH
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Concepts
Major concept:

Learning Objectives
Knowledge Domain

Process Domain

Application Domain :

& 9Batldy GAULIWINL! (ald]TVATW]HUB: & aHlH600 @RE]
26718 016HH6NE] AUIOYM  HORIDAIMNII @ IWIMo, Aflal
Ma¥iSo, O@3aloBMe ojeln], Allgmatiso, Munelalelalw], os
MaISHI0IOS 2l)aHeMo af)M’ (@ 1NINWEBBRUE OB aH]d:

coeURIeal (al@ITVAWIHe) $H006MEAIE)IM).

Pupil develops knowledgein,

Factors leading to crisesin agriculture.

Scientific approaches to solve problems of agriculture.
Role of pH in plant growth.

Identification of soil fertility through soil testing.
Significance of essential elements for the proper growth of
plants.

Sail fertility affects food security.

Pupil develops process skillsin,

Observing the pictures related to crisesin agriculture.
Forming adefinition for crisesin agriculture.

Discussing and listing factors responsible for crisesin
agriculture.

Drawing inference from the activity card regarding soil and
essential elements.

Forming generalization about the crises in agriculture during

group discussion.

Pupil applies knowledgein,

Solving problemsin agriculture.

Listing important factors for maintaining a vegetable garden
at home.

Finding and adopting modern trends in the field of
agriculture.

Adopting scientific agricultural practices.

Testing soil to determine its quality.




Attitude Domain :

Creativity Domain :

Pre requisites

Learning Materials:

Pupil develops positive attitude towards,

Using scientific approaches in agriculture.

Testing the soil before farming a crop.

Maintaining the pH of the soil.

Practicing and promoting agriculture.

Maintaining fertility of the soil by bio fertilizers and
biological control measures.

Pupil develops creativity in,

Collecting photos showing crises in agriculture.
Developing new methods for agriculture and farming.
Practicing crop rotation.

Organizing awareness programmes to ensure food security.

* HRaUMBHM @REIN)6LIBO1B0)0M (AlUdMEBBUY
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Learning Activity

Response/

Evaluation

Introduction
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Learning Activity

Response/

Evaluation
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Learning Activity

Response/

Evaluation
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Follow up activity
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ABSTRACT

Higher education in India shows a teacher centred, information based and test driven
instructional format. India needs skilled higher educated people who can lead our country
forward. When India become capable of sending skilled people to the outside world; the country
can be very easily become a developed nation from developing nation. Now the time has come to
create a second wave of institution building and excellence in the field of education, research,
and capability building (Aggarwal, 2006). In the present study, investigators designed a
Thinking skill inventory to determine whether higher order thinking skills or lower order
thinking skills are prevailing in the teaching strategies of higher education. The study showed
that instructors of higher education in Kottayam district of Kerala , India, taught lower thinking
skills associated with the first three levels of Blooms Taxonomy, namely, knowledge,
comprehension and application. Normative survey method is used to study the problem. The
sample consists of 200 college teachers of Kottayam District. The study proposes some possible
reasons for such practices, and suggests that teaching higher order thinking skills to higher
education students might widen their horizon in engaging more actively in learning.
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INTRODUCTION

In terms of student population, world’s third largest higher education system is that of India,
while first and second positions are for United States and China. Higher education enrolment in
India is less compared to China. It is University grants commission, the governing body in India,
which enforces standards, advises government, and helps to co ordinate between centre and state
government (Ramesh, 2006). However, India has failed to produce excellent education
institutions like Harward and Cambridge. However some institutions like Indian Institute of
Technology have been globally known for their standard of education. According to The London
Times higher Education, Quacquarelli Symonds (QS) World University rankings, no Indian
University features among the first 100.But universities in East Asia have been included in the
first hundred. Hong Kong has three, ranked at 24,35 and 46; Singapore ranked at 30 and 73;
South Korea two, ranked at 47 and 69 and Thaiwan, one in the 95" position.

Indian Government is taking many initiatives in Higher education to compete with world class
Universities.UGC and other regulatory bodies are trying very hard to cancel the recognition of
many private universities, which are running without any affiliation, or recognition (Novak,
1998). This is an era of knowledge. Those who are having more knowledge is considered to be
the most empowered one. Critical appraisals done by academicians and Government committees
pointed out that, increasing educated unemployment, weakening of student motivation,
increasing unrest and indiscipline on the campuses ,deterioration of standards, inadequate
infrastructure and facilities, large unfilled vacancies of faculty, low student enrolment rate,
outmoded teaching methods, declining research standards, gender and ethnic imbalances and
demoralising effect of irrelevance and purposelessness are the critical issues faced by the higher
education scenario(Dennis,2002 ). However, Government is taking many measures to alleviate
problems of higher education sector to make India a knowledge super power.

Majority of colleges and universities of India become fund less and ungovernable institutions.
Academic appointments and decisions across the institutions are influenced by politics. Scarcity
of funding for classic libraries and well equipped laboratories made low quality instruction in
Higher education institutions. Increased number of part time teachers and non-appointment of
full time teachers had affected academic activities (Reid &Sanders, 2011). Higher education is
an area where researches are less compared to other levels of education. Academic institutions
and systems have become large and complex. They need good data ,careful analysis and creative
ideas. In China more than two dozen higher education research centres, and several government
agencies are involved in higher education policy (Philip, 2005). Purpose of education is the all
round development of personality. Nevertheless, the present day education is a failure in
imparting true knowledge of life, helping one stand on one’s own leg and improving the talent of
a student by which one can achieve laurels in the field of interest (Arunachalam, 2010). In a
study on higher education in India, conducted by professor Philip G Altbach; students
complained that, method of education is childish and it does not consider them as mature persons
, and university is giving them classes which was not at all applicable in their life. After
collegiate education they are not even capable of doing a presentation. The Indian youth is
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deprived of some important soft skills which enable them to perform in their jobs in a better way.
Instead of imparting skills, Indian higher education system has simply turned into examination
centres where students enter to pass exams and earn degrees.

NEED AND SIGNIFICANCE OF THE STUDY

Quality of teaching and learning is an important issue in higher education which is continuously
changing. In India student populations are highly diversified in terms of social factors and
geographical factors. Government, funding agencies, parents and students demands value for
their money by expecting maximum efficiency in teaching (Hogg, 1995). Research points out
that quality teaching is, student centred and it aims for all students. So attention should be given
to both teacher skills and the learning environment. Planning of higher objectives and
implementation of activities, which can fulfil the objectives, should be there. A learning
environment in which teacher and students learn collaboratively and build knowledge through
interaction is one of the best ways of learning in higher education. Teaching up to secondary
level is planned to fulfil the objectives defined by the curriculum. But after then there is great
disparity between what was planned and what is implemented .There is little co ordination
between the teachers and the curriculum setters of higher education. Therefore, there is a
threatening gap between objectives and the way in which its attainment was worked out (Sallis,
2005).

Increasing globalisation creates certain challenges in ongoing higher education methods and
strategies.  Nation building efforts should take into account the increasing demand for
professional skills and knowledge for filling the ‘demographic deficit’ in certain regions of the
country. This can open tremendous opportunities for growth and employment of youth (Long,
2005). In view of the challenges faced by the Indian community, all institution should take up
the responsibility to make their students aware of social, economic, scientific, and cultural issues
and a students’ ability to respond to those issues. Quality improvement in higher education will
bring about by restructuring academic activities to satisfy the demands of the open market.
Complete revamping of teaching and learning strategies should be done; from instruction and
rote learning to an interactive process that encourages creativity and innovation of students
(Duderstadt, 1999). For that, the institution shall set certain higher objectives and ensure its
attainment through proper ways of assessment.

BLOOMS TAXONOMY

Bloom’s taxonomy is classification of learning objectives in education developed by a committee
of educators chaired by Benjamin S Bloom in 1956. The aim of the committee was to develop a
system of, categories of learning to assist in designing and assessment of educational
programmes. It identifies three domains of learning, each of which is organized as a series of
levels, as pre-requisites. It is suggested that one cannot effectively address higher levels until
those below them have been covered. It provides a basic sequential model for dealing with
topics in the curriculum, and also suggests a way of categorizing levels of learning, in terms of
expected outcome of a programme (Artherton, 2013) .Each of these categories requires learner to
use different sets of mental processing to achieve stated outcomes within learning environment.

These objectives or a behavioural outcome of individuals resulting from instructions was
classified into three domains.
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1. Cognitive domain: Includes those objectives which deal with recall and recognition of
knowledge and development of intellectual abilities. The objectives coming under this
domain are knowledge, comprehension, application, analysis, synthesis and evaluation.

2. Affective domain: This domain deals with interests, attitudes, opinions, appreciations, values
and emotional sets. Objectives coming under this category are, perception, set, guided
response, mechanism, complex overt response, adaptation and organisation.

3. Psychomotor domain: Includes physical and motor skills. Objectives of this domain are
receiving, responding, valuing, organisation, and characterisation.

Goal of Blooms Taxonomy is to motivate educators to focus on all the three domains creating a
more holistic form of education. The cognitive domain objectives are the primary focus of all
traditional education and it is commonly used to structure curriculum, learning objectives,
learning experiences and assessment.

BLOOM’S REVISED TAXONOMY

In 1990s, Lorin Anderson, a former student of Benjamin.S. Bloom revised the original Bloom’s
Taxonomy and named it Revised Bloom’s Taxonomy. In the new version of Bloom’s
Taxonomy, the names of the six categories changed from noun to verb forms, because thinking is
an active process (Anderson, 2001). There was a change in terminology also i.e., knowledge
changed into remembering, comprehension become understanding and synthesis into creating.
Anderson rearranged the six categories with higher objective as creating. The knowledge level of
the original taxonomy is divided into four levels; factual, conceptual, procedural, and
metacognitive. Objectives of revised Bloom’s taxonomy are remembering, understanding,
applying, analysing, evaluating, and creating.

TERMINOLOGY CHANGES

The six major categories changed from noun to verb forms. The lowest level of original
taxonomy, knowledge renamed as remembering. Comprehension and synthesis are retitled as
understanding and creating.

DEFINITIONS OF NEW TERMS ARE AS FOLLOWS

e Remembering: Retrieving, recognizing and recalling relevant knowledge from long term
memory.

e Understanding: constructing meaning from oral, written and graphic messages through
interpreting, exemplifying, classifying, summarising, inferring, comparing and explaining.
Applying: carrying out or using a procedure through executing or implementing.
Analyzing: Breaking material into constituent parts, determining how the parts relate to
one another, and to an overall structure or purpose, through differentiating, organizing, and
attributing.

e Evaluating: Making judgments based on criteria and standards through checking and
reviewing.
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e Creating : Putting elements together to form a coherent or functional whole. Recognizing
elements into a new pattern or structure through generating planning or producing
(Anderson &Krathwohl,2001)

STRUCTURAL CHANGES

In the structure of original Bloom’s taxonomy certain logical changes has been made.
Original taxonomy was in one-dimensional form while the new taxonomy taken the form of a
two dimensional table. The two dimensions considered here are, knowledge dimension the
cognitive process dimension. (Maryforhand, 2005)

THE REVISED TAXONOMY TABLE

Cognitive Process dimension

The Knowledge | Remember Understand Apply Analyze | Evaluate | Create
Dimensions

Factual

Conceptual

Procedural

Metacognitive

Knowledge Dimension of Revised Blooms Taxonomy

Factual knowledge: This dimension contains knowledge, which is basic to specific disciplines.
It includes all the details that a student must know, to understand a particular discipline like facts,
terms, details of elements etc.

Conceptual knowledge: Includes classifications generalizations, theories, models and structures
pertinent to a particular disciplinary area.

Procedural knowledge: This comes under the doing aspect of knowledge. This area of
knowledge includes methods of inquiry, specific skills, algorithms, techniques and particular
methodologies.

Metacognitive knowledge: This is the knowledge of one’s own cognitive process and cognition.
It includes self-knowledge about cognitive process as, solving problems, processing information
etc. It is a higher order thinking skill involving active control on cognitive process.

A teacher can use of all these knowledge dimensions plotted in a Taxonomy table for
ensuring necessary objectives of a unit and for a better and effective transaction. For a particular
unit teacher can make sure that pupil are getting knowledge related to factual areas, conceptual
areas, procedural areas and lastly the metacognitive procedures involved in learning. Teachers
can make use of new taxonomy dimension for the formulation of objectives, refinement of
existing objectives and for better assessment methods. In all areas of instructional procedure, a
teacher can make use of the set up standards of Revised Bloom’s Taxonomy. Blooms taxonomy
helps a teacher to set standards for his/her teaching. In higher education, attainment of higher
order objectives is very important. Through this study, the investigators attempted to test
whether there is a teaching based on higher order objective or lower order objectives of Bloom’s
Taxonomy in the ongoing system of higher education.

Indian teachers clung to traditional pedagogical outlooks, tending to emphasize
knowledge, content, teacher centred class rooms, and exam results. Indian teachers tend to stick
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to the textbook, which is often same to the whole students coming to that semester for years.
Teaching in India is focussed exclusively on transmitting orthodox subject knowledge; concepts
such as flexibility, problem solving, critical thinking, and independent learning are not
recognised (Basterfield, 2008 ). In India there is fixed hierarchical structure in teaching in which
there are certain prescribed mode of conduct to teachers and students. This hierarchical structure
force a student, not to challenge his teacher, and teachers are considered as absolute authority
figures in knowledge. The crisis of this situation is that, students are in a fixed pedagogical
mode where analysis, synthesis, evaluation, and creativity are not encouraged. In contrast to this
condition of India, critical thinking is the most practiced objective in western countries. Critical
thinking is a higher order thinking skill that consists mainly of arguments, and it is a purposeful
and self-regulatory activity resulting in interpretation, analysis, analysis, and inference, as well as
explanations of the evidential, conceptual, methodological, or contextual considerations upon
which the judgement is based (Astleitner, 2002)

OBJECTIVES

% To find out teaching strategies adopted by teachers of higher education institutions in
Kottayam District for the acquisition of lower order thinking skills or higher order thinking
skills among their students based on Bloom’s Taxonomy

HYPOTHESIS

%+ Teachers of colleges in Kottayam District teach for the acquisition of higher order thinking
skills among their students.

METHOD OF STUDY
Normative survey method was used to study the problem.

SAMPLE

The sample consists of 200 college teachers of Kottayam District who were randomly selected.
Colleges selected for collection of data include both rural and urban types; both male and female
teachers were there in the sample. These colleges offered graduate and postgraduate courses in
science and arts subjects. Students of diverse geographical and socio economic background
study there.

TOOL USED FOR THE STUDY

Benjamin Bloom classified Cognitive Domain into six subdivisions of learning; knowledge,
comprehension, application, analysis, synthesis and evaluation (Bloom, et.al., 1956) .This
classification is based on a hierarchy, in which lower order objectives ; knowledge,
comprehension and application are at the bottom level.; and higher order objectives; analysis,
synthesis and evaluation are at the top;. Performance of the lower order hierarchy is essential for
acquiring higher order levels. However, teachers generally select either a cluster of lower level
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skills or a cluster of higher-level skills. Investigators made a tool to analyse whether teachers of
higher education taught lower order thinking skills or higher order thinking skills namely
Thinking Skill Inventory. This tool consists of six sub criteria, which will indicate a teacher’s
approval or disapproval of a particular teaching mode. Validity and reliability of the tool was
ensured and the reliability coefficient was .92

STATISTICAL TECHNIQUES USED

Analysis of each question was done using descriptive statistics, Mean and Standard deviation.

ANALYSIS AND INTERPRETATION OF DATA

Analysis of each question of the research tool was done. For each participant response;
descriptive statistics, mean and standard deviations were calculated. Mean scores for each
response from teachers of higher education were given in tables one to six. Each table shows
each objective in the cognitive domain of Bloom’s Taxonomy. Scores on each table will show
teacher’s preference for a typical order thinking skill. Knowledge, comprehension, and
application are considered to be of lower order thinking skills while analysis, synthesis and
evaluation are considered to be higher order thinking skills.

TABLE 1 Questions based on lower order thinking skills, Knowledge

M SD
1.1 allow students to define concepts in my class . 3.04 0.90
7.1 permit students to memorise concepts in my class 3.12 0.89
13.1 let students to repeat concepts in my class. 3.14 0.88
19.1 allow students to name the concepts in my class. 3.16 0.77
251 allow students to recall concepts in my class 3.34 0.76
31.1 permit students to label concepts in my class. 2.76 0.81

Table 1 shows the summary of scores related to responses to the first level of Bloom’s
Taxonomy; Knowledge. The data shows a high score on lower order thinking skills.

TABLE 2 Questions based on lower order thinking skills, Comprehension

M SD
2.1 allow students to describe concrete concepts in my class . 3.21 0.79
8..I motivate students to discuss concrete concepts in my class 3.02 0.99
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14.1 encourage students to explain concrete concepts in my class. 3.23 0.77
20.1 support students to identify concrete concepts in my class. 2.98 1.22
26 | promote students to recognize concrete concepts in my class  3.34 0.87
32.1 encourage students to locate concrete concepts in my class. 3.14 0.78

Table 2 shows the summary of responses of survey questions related to responses to the second
level of Bloom’s Taxonomy; Comprehension. The data shows a high score on lower order
thinking skills.

TABLE 3 Questions based on lower order thinking skills, Application

M SD
3.1 support students to apply rules and principles in my class . 3.63 0.92
9..I motivate students demonstrate rules and principles in my class 3.19 0.67
15.1 encourage students to translate rules and principles in my class. 3.06 0.86
21.1 support students to manipulate rules and principles in my class  3.57 0.98
27. | promote students practise rules and principles in my class 3.48 0.76
33.1 encourage students to illustrate rules and principles in my class  3.59 0.84

Table 3 Shows the summary of responses of SUrvey questions refated 10 TESPONSES 10 the third

level of Bloom’s Taxonomy; Application. The data shows a high score on lower order thinking
skills.

TABLE 4 Questions based on higher order thinking skills, Analysis

M SD
4.1 help students to distinguish rules and principles in my class . 2.34 1.03
10..1 motivate students differentiate rules and principles in myclass 2.44 1.17
16.1 encourage students to compare rules and principles in my class. 2.14 0.84
22.1 allow students to contrast rules and principles in my class 2.61 1.13
28 1 let students critique rules and principles in my class 2.88 0.78
34.1 encourage students to examine rules and principles in my class  2.16 0.86

Table 4 shows the summary of responses of survey questions related to responses to the third
level of Bloom’s Taxonomy; Analysis. The data shows a low score on higher order thinking
skills. In other words, even though many critical tasks appeared to have occurred regularly,
higher order thinking skills were not taught in the class.
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TABLE 5 Questions based on higher order thinking skills, Synthesis

M SD

5.1 plan activities that will encourage students to do problem 2.04 0.87
solving in my class

11.1 set activities that will encourage students to propose problem 2.16 0.67
solving in my class

17.1 develop activities that will motivate students to design problem 2.43 0.75
solving in my class

23.1 arrange activities that will help students to arrange problem 2.56 1.03
solving in my class

29.1 design activities that will support students to modify problem 2.96 0.78
solving in my class

35. I design activities that will promote students to organise 1.68 1.01

problem solving in my class

Table 5 shows the summary of responses of survey questions related to responses to the fifth
level of Bloom’s Taxonomy ; Synthesis..The data shows a low score on higher order thinking
skills. In other words, teachers rarely use opportunities to synthesize information.

TABLE 6 Questions based on higher order thinking skills, Synthesis

M SD
6.1 produce conditions within which students evaluate their 1.65 0.76
cognitive strategy
12.1 create situations within which students rate their 1.67 0.65
cognitive strategy
18.1 make circumstances within which students judge their 2.14 0.77
cognitive strategy
24.1 arrange environments within which students justify their 2.58 1.02
cognitive strategy
30.1 construct situations conditions within which students 3.02 0.86
summarize their cognitive strategy
36. | make settings within which students asses their 2.86 0.63
cognitive strategy

Table 6 shows the summary of responses of survey questions related to responses to the sixth
level of Bloom’s Taxonomy; Evaluation. The data shows that teachers created situations where
their students sometimes practised certain levels of evaluation processes especially, summarise
and assess. However, students rarely evaluated or rated their cognitive strategy.

DISCUSSION AND CONCLUSION
The purpose of the study was to determine whether higher education teaching methods in

Kottayam district were driven by lower order thinking skills related to the first three levels of
cognitive domain of Bloom’s Taxonomy characterised by knowledge, comprehension, and
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application. The findings showed that teachers of higher education at Kottayam district were not
accustomed to teaching higher order thinking skills associated with the next three levels of
Bloom’s original Taxonomy, characterised by analysis, synthesis, and evaluation. As shown in
the findings from this qualitative analysis ,teachers of higher education at Kottayam district
almost unanimously taught lower order thinking skills, which is based on idealistic philosophy of
Indian culture. In Indian tradition teachers are regarded as unchallengeable authority who rely
on lectures and focus on best exam results. For centuries teachers of higher education have not
deviated from the traditional instructional approach. Higher education teaching strategies should
include self-regulatory learning methods, compiling personal learning journals, relying on open
ended discussion methods etc.
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ABSTRACT

We are living in a world of scientific discoveries. There is application and influence of science in every
field. Understanding the concepts and theories of science is a growing necessity. Science education
develops certain abilities which every human need like, reasoning, curiosity, creativity, scientific attitude,
problem solving approach etc. Metacognitive practices enhance student abilities to apply their learning in
new contexts (Brown 1984). Pintrinch (2002) argues that “students who know about different kinds of
strategies for learning, thinking and problem solving will be more likely to use them, not just practice
them”. Metacognition helps students to recognize their strength and weakness in every field of their life.
In the present study investigators tried to analyse metacognitive awareness of secondary school students
in their science class room based on co operative and activity based learning instructions. Experimental
method was used to study the problem. Sample consisted of 180 secondary school students of Kottayam
District of Kerala, India. In the present study investigators used Metacognitive Awareness Inventory
designed by Schraw and Dennison. The study showed that students who received co operative learning
strategy had improved their metacognitive awareness than those who received activity based learning.

Keywords: Metacognitive Awareness, Cooperative Learning, Activity Based Learning, Secondary
School Students

Introduction:

Science is of great importance for people and society that people live in an “age of science”. Canon
Wilson a famous educationist in 1867, in support of inclusion of science as a school subject wrote
“Science teaches what evidence is; what proof is”. We are living in a world of scientific discoveries.
There is application and influence of science in every field. Understanding the concepts and theories of
science is a growing necessity. Science as a field of knowledge influenced our existence, culture and
civilization. It is the building block for personal and social development and its products advances human
society and offer prosperity (Cobern, 1998).Because of the utility and significance of science, importance
of science education has tremendously increased.

Science education develops certain abilities which every human need like, reasoning, curiosity, creativity,
scientific attitude, problem solving approach etc. Science and technology education is the backbone of a
countries’ economic stability and growth (Kalra,1972). Scientifically literate peoples all over the world
are known to be more reliable in decision making areas like agriculture production, nutrition and health,
land and resource management, population control and industrial growth.

As a result of education students should gain certain thinking skills and strategies which will be useful to
their lives rather than storing information. Education should enable children, how to learn, how to
remember, how to motivate themselves and how to control their own learning so that they can teach how
to learn. Training in metacognitive skills will help them to acquire these functions of education. Apart
from these academic benefits, metacognitive approach has been found to promote self esteem, and
improved attitudes towards school and peers (Magno,2001).Kramarski et al (2004)found that different
metacognitive strategies can be employed to help low ability students to improve achievement, who had
difficulties making success in the traditional classroom .In general, metacognitive strategies can be said to
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lead to the promotion of critical thinking .reasoning, and problem solving behaviour
(Shiela,1999;Lippman,2005;Coutinbo,2007).

METACOGNITION:

Metacognition is a new concept in the field of educational psychology. Metacognition is a word denoting
awareness of one’s own thoughts. It enables the student to become a successful learner and is associated with
intelligence. Metacognition is a higher order thinking skill involving active control on cognitive process while
learning occurs. It is the  “thinking about thinking” helping learners in ‘learning how to learn” . More
precisely it is the mental activities used to plan, monitor and assess ones understanding and performance. It
also includes awareness about one’s thinking and learning and oneself as a thinker and learner.

Metacognitive practices enhance student abilities to apply their learning in new contexts (Brown 1984).
Pintrinch (2002) argues that students who know about different kinds of strategies for learning, thinking
and problem solving will be more likely to use them, not just practice them”. Metacognition helps
students to recognize their strength and weakness is every field of their life. This knowledge will help
them to expand the extent of their ability. According to Bransford (1984) “those who know, strength and
weakness in their areas will be more likely to actively monitor this learning strategies and resources and
assess their readiness for particular tasks and performances”. According to Schraw and Dennison (1994)
“Metacognition refers to the ability to reflect upon, understand and control one’s own learning”. Flavell
(1979) defined metacognition as “individual’s awareness of how he learns and what he does”.

Conceptions of Metacognition:

Mental processing of information is known as cognition, it is the function of human mind which allows
perceptions to grow into conceptions. Control over our own cognition is known as metacognition. It
involves both monitoring and regulations of one’s own thinking process. It is a conscious verification of
one’s own cognition to expand knowledge. A metacognitive skill acts as predictors of academic
achievement. It is related to all areas of learning like, communication, reading, comprehension, language
acquisition, social cognition, attention, self control, memory, self instruction, problem solving and
personality development (Cooper , 1999).

James in 1911 considered cognition and metacognition as two processes of mental mechanics. Dewey
asserted that learning is an action process involving assimilation from within. He concentrated on the
inductive process of learning through observation. He gave a scientific outlook of metacognition.
According to him metacognition of reflective thinking occurs by two processes, first a conscious recognition
of doubt and feeling a state of restlessness, second involving in an active process of induction by searching
and inquiring to solve the difficulty or doubt. Dewey gave an early conceptual frame work of metacognition
by describing it as self monitoring and self regulation process. Piaget (1980- 1996) coined the term
“consciousness of cognizance” for metacognition. He studied metacognitive activities of young children
and noted that, they are doing mental activities in the direction of metacognition but are unaware of that.

Components of Meta cognition:

Metacognition is classified into three components, metacognitive knowledge or metacognitive awareness,
metacognitive regulation and metacognitive experiences.

Metacognitive knowledge or metacognitive awareness:

Metacognitive knowledge is what individuals know about themselves and others as cognitive processors. It
is divided in three categories knowledge of person variables, task variables and strategy variables. Flavell
stated that all these variables overlap and combine when an individual works. Result of that work is due to
the interactions of the various variables and metacognitive knowledge available at that particular time.
1. Person variables: It refers to the knowledge about one’s own learning processes as well as other
people’s learning processes.
2. Task variables: It includes knowledge about the nature and characteristics of a task and how to
manage the task. This helps the individual in successful completion of the task.
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3. Strategy variables: This includes the knowledge and identification of metacognitive strategies and
using it appropriately and effectively.

Metacognitive awareness is of three types:

Declarative knowledge It is also known as world knowledge. It is the knowledge about the factors
which can influence one’s own learning or performance. This is the actual knowledge which are knows
as written or spoken.

Procedural knowledge: is the knowledge about how to do something. One who possesses a clear
procedural knowledge can perform the tasks automatically. This is done by effective use of various
strategies. This involves abilities like identifying the task, checking the progress of task, evaluating,
predicting the outcome allocating of one’s own resources for the task , determination of order or
sequences of activities for the completion of task etc.

Conditional knowledge: It is the knowledge about when and why to use declarative and procedural
knowledge. This knowledge helps the students to use strategies more effectively. This allows maximum
utilization of their resources for learning.

Metacognitive regulation:

This is the second component of metacognition. It refers to the monitoring and control of one’s cognitive
process during learning (Nelson & Narens, 1990). Through this one can regulate one’s own cognition
and experiences related to learning through prescribed activities. This includes activities like; oversee
learning, planning and monitoring activities related to cognition, monitoring the outcomes etc. The sub
components coming under metacognitive regulation is planning, information management strategies,
comprehension, monitoring, de bugging strategies and evaluation.

Planning: This involves cognitive activities done prior to learning like, planning, goal setting, collecting
resources etc.

Information management strategies: This involves effective sequencing and processing of information,
which is a key element of metacognition. Some activities are organising, elaborating, summarising and
selective focussing.

Comprehension Monitoring: It is self evaluation or assessment of one’s own learning or use of a
particular strategy.

Debugging Strategies: This denotes the diagnosis and remediation of one’s own strategy use. This is
used to correct comprehension and performance errors.

Evaluation: This is the evaluation of performance and strategy use after a learning episode.

Metacognitive experiences:

These are experiences which help current ongoing cognitive work. These experiences always occur after
a cognitive activity. Metacognitive experience  involves the use of metacognitive strategies or
metacognitive regulation (Brown, 1987). Metacognitive strategies are essential processes that a person
uses to control cognitive activities and to make sure that a cognitive goal has been achieved.
Metacognitive experience helps a person to process information, memories or other earlier experiences, to
recall and use them as resources in processing or solving a current cognitive problem. It is also affected
by certain affective responses like success or failure, frustration or satisfaction, and many other responses
that effect a person’s willingness or interest to do similar tasks in future.

Objectives of the study:

= To compare the effectiveness of activity based learning and co operative learning based instructions
in science class on the metacognitive awareness of secondary school students.

= To compare the effectiveness of activity based learning and co operative learning based instructions
in science class on the metacognitive awareness of low ability secondary school students.
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Hypothesis of the study:

= There is no significant difference between metacognitive awareness of pre test mean scores
achieved by Experimental group and control group.

= There is significant difference between post test scores of metacognitive awareness among control
group and Experimental groups who received co operative learning and activity based learning
instructions.

= There is significant difference between post test scores of metacognitive awareness among control
group and Experimental groups of low ability students who received co operative learning and
activity based learning instructions.

Design of the study:

The research was carried out using a quasi—Experimental design with pre and post tests with two
Experimental groups and one control group .Secondary school students from NSS Boys High School
Perunna of Kottayam District, Kerala, India were taken as the sample for the study. The sample was
divided into three groups consisting of 50 students. Each group was almost having equal number of low
ability students and high ability students. Those students have scored below 18 out of 50 in science in
school record are treated as low ability students. Remaining students are treated as high ability students.
The three groups were first administered a Metacognitive awareness test and the results have been
compared in order to study the equivalence of the groups.

Tools for the study:

For testing the metacognitive awareness of secondary school students, Metacognitive Awareness
Inventory made by Schraw and Dennison (1994) was used in the study. The tool consists of 52 items.

Statistical Techniques:

Both inferential and descriptive statistics were used for analysis of the data. In descriptive statistics Mean,
and Standard Deviations were used. In inferential statistics, t test was used to test the data .

Procedure of Experimental study:

The researcher had gone through the 10" standard text book of State Council for Research and Training of
Kerala Government. The chapter “Genetics for Future” was selected for the study. The study consisted of
three different treatments: a control group ,activity based metacognitive instruction group and
collaborative learning based metacognitive instruction group. The study lasted for 15 days. The control
group was taught by lecturing method of teaching followed by question and answer sessions related to the
content. It was truly a text book based instruction and individual assignments were given to students.

The Experiment group 1; followed co operative learning based metacognitive instruction. After an
introductory description about the topic teacher asks the students to pair with a class mate to discuss about
the topic with the help of text book through metacognitive instructions. Co operative learning strategies
based on metacognitive instruction was included; defining what students know and what they do not
know, talk about what children are thinking, keeping a diary of thinking, planning and self control,
thinking process briefing, self assessment (Blakey and Spence,1990).All these strategies help the students
to regulate control and evaluate their learning.

The Experiment group 2 ; metacognitive instruction based on activity based learning group, followed
learning based on different kinds of activities. Group activities were planned scientifically for each sub
topics. After each activities a review session has arranged for discussion ,conclusion and evaluation of
activity procedures. Every group in the class shares their experiences with their class mates. It forces a
student to analyse their thinking and express their opinions in the class. This session is mediated by
teacher intervention ;by providing clarifications and asking questions etc.
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Analysis and Interpretation of data:

Table 1: Comparison between control and Experimental group in Metacognitive awareness pre- test

Group N | Mean |S.D ‘t’ value | Remarks at 0.01 level
Control group 60 | 22.8 7.1

Experimental group 1 0.76 Not significant
(Activity based learning) 60 | 24.3 6.8

Control group 60 | 22.8 7.1

Experimental group 2 0.45 Not significant

(Co operative learning) 60 | 23.6 7.2

From Table 1, there is no significant difference between metacognitive awareness pre test mean scores
achieved by Experimental group and control group.

Table 2: Comparison of Metacognitive Awareness test score using paired t test

Grou N Mean S.D ‘t’ Remarks
P Pre test | Post test | Pre test | Post test value [|at0.01 level
Control group 30 22.8 24.2 7.1 5.3 2.1 NS
Experimental group 1
(Activity based learning) 30 24.3 31.1 6.8 4.3 5.5 S
Experimental group2 1 3| 53 ¢ 366 |72 3.7 71 |s
(Co operative learning)

NS- Not significant S-Significant

The observed‘t’ value of control group was 2.1 .Hence there is no significant increase in metacognitive
awareness in control group. In the Experiment group 1 the value was 5.5.1t shows that there is significant
important in metacognitive awareness in Activity based learning. In the Experiment group 2 the t value was
7.1.1t shows that there is significant improvement in metacognitive awareness in co operative learning. The
results revealed that co operative learning group received higher metacognitive awareness and they could
also answer higher level of cognitive questions compared to activity group and control group.

Table 3: Comparison of Metacognitive Awareness test score of low ability students using paired t test

G N Mean S.D Paired Remarks at
roup Pre test | Post test | Pre test | Post test | ‘t” value | 0.01 level
Control group 30 | 153 24.1 4.1 3.5 1.8 NS
Experimental group 1
(Activity based learning) 30 16.2 23.6 4.3 3.2 2.2 S
Experimental group 2 30 | 158 31.6 4.2 2.7 7.7 S
(Co operative learning)

NS- Not significant S-Significant

The observed t value of the control group was 1.8. Hence there is no significant improvement in
metacognitive awareness low ability students in the conventional lecture method. In the Experiment
group 1 the t value was 2.2 .It shows that there is no significant improvement in metacognitive awareness
of low ability students in activity based learning .In the Experiment group 2 the t value was 7.7.It
indicates that there is significant increase in the metacognitive awareness of low ability students of co
operative learning group.

Conclusion:

The findings of this study have demonstrated the effectiveness of two different methods to promote
metacognitive awareness in the teaching learning of science at secondary school level. This study is also
significant in that it demonstrated the effects of activity based learning and co operative learning on
|
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student’s metacognitive awareness .One major finding of this study is that students taught using the co
operative learning approach scored higher mark than those taught using activity based method. This may
have been achieved by the high level of student’s participation in learning activities. When learners are
faced with problems which they must solve, they are forced to reason and think critically in order to solve
the problems. It is believed that when properly and carefully used metacognitive activities engage the
students in the learning process; improves the critical thinking,  reasoning and problem solving skill of
learners (Tylor,1999;Coutinbo.2007,Magno,2010).Teachers must improve their student’s metacognitive
awareness in order to improve their learning abilities. “The more students know about effective learning
strategies, the greater their metacognitive awareness and the higher their classroom achievement is likely
to be” (Mango ,2010)
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