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Introduction 

While delivering a convocation address at Allahabad University 

in 1947, Nehru said, “It is science alone that can solve the problems of 

hunger and poverty, of insanitation and malnutrition, of illiteracy and 

obscurantism, of superstition and deadening customs, of rigid traditions 

and blind beliefs of vast resources going to waste of a rich country 

inhabited by starving millions”.  Science is of great importance for 

people and society that people live in an “age of science”. 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. 

The discoveries have added to the prosperity of human race with 

vast increase of knowledge. Herbert Spencer in his, "What Knowledge is 

of Most Worth" gives information which study of Science furnishes. 

According to him, Science learning is incomparably more useful for our 

guidance in life. Other chief subjects too provide an intellectual training 

not inferior to that of Science. Practically, we live in a world of 

scientific discoveries. So science education cannot be neglected. Science 

education develops certain abilities, which every student requires like, 

reasoning, curiosity, creativity, scientific attitude, problem-solving 

approach etc. Science and technology education is the backbone of 

countries’ economic stability and growth (Kalra, 1995). Scientifically 

literate peoples all over the world are known to be more reliable in 

decision-making areas like agriculture production, nutrition and health, 
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land and resource management, population control and industrial 

growth.  

For the achievement of broad aims of education, objectives are 

set which are specific and realizable portions of aims. By framing 

objectives, a teacher gets description of abilities and values, which 

should be inculcated, in students. It acts as a frame of reference in 

making decisions regarding content, method of teaching, learning 

experiences and evaluation. Classification of learning objectives in an 

ordered system is called Taxonomy of Educational Objectives. SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and Yager’s 

Taxonomy are three different taxonomies of learning objectives. 

Aims of Science Education 

To quote Albert Einstein, the goal of education is “to produce 

independently thinking and acting individuals”. The basic goal of 

science education is to produce individuals capable of understanding 

and evaluating information and producing sufficient number of skilled 

and motivated scientists, engineers and other science based 

professionals. It is often said that children are natural scientists.  

Therefore, a teacher should evaluate each child’s knowledge, creativity, 

scientific attitude and level of metacognition.  There comes the need of 

an instruction to adapt the instructional goals and skills of the learner.  

For an effective science teaching, its aims should be in 

consonance with the general aims of education ( Dushi, 2006).  General 

aims of science education are development of knowledge (fundamental 

principles and concepts useful in daily life, scientific facts, 

interdependence between different branches of science, nature etc.), 

skills (doing experiments, construction, observation and drawing etc.), 

abilities (sensing a problem, analysis, generalisation, interpretation, 

prediction etc.), scientific attitude (critical thinking, open mindedness, 
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respect for others opinions, aversion towards superstitions, intellectual 

honesty, rationality etc.), reflective thinking (solving a problem, sensing 

a problem, defining it, collecting evidence, organisation and 

interpretation of data, formulation of hypothesis, drawing conclusions 

etc.), habits (honesty, truth, tolerance ,self confidence self reliance 

etc),interests( reading scientific literature, doing scientific hobbies, 

conducting science club activities etc), appreciation (natural beauty, 

scientific inventions, work of scientists etc), providing work for leisure 

(making inks, soaps, boot polishes, etc. collection and preservation of 

animals and plant parts, photography, gardening, etc.), training for better 

living (basic ideas of health and hygiene and adjusting  with the 

economic and cultural conditions of the society) and choosing a career.  

Objectives of Science Education 

Although aims give direction to educational system, and bring all 

round development of students, all these aims cannot be attained by a 

teacher. To make a teacher’s task easy, aims are narrowed down to 

objectives which are specific and realisable portions of aims. Thus 

objectives are a set of achievable ends which are acquired in pursuit of 

overall aims (Ball & Washburn, 2001). By framing objectives or 

outcomes of learning, a teacher gets description of abilities and values 

which he or she intends to instil among the students. It acts as a frame of 

reference to take various decisions regarding content, method of 

teaching, learning experiences and evaluation (Krathwohl,2002). In a 

teaching learning process, teacher first sets certain objectives according 

to the nature of content and ability of the learner; then selects, kind of 

learning experiences for the attainment of the objective; after that, 

appropriate evaluation techniques are adopted to check the attainment of 

the objectives set earlier. Objectives vary with aims of education, nature 

of the society, culture, nature of the discipline, age and ability of the 

learner, nature of the content, availability of the resources, quality of the 
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teaching, teaching methods etc. So it becomes a necessity to organize 

objectives of education in a better way that teachers can get guidance in 

choosing an objective. Classification of learning objectives in an ordered 

system is called Taxonomy of Educational Objectives. There are various 

taxonomies put forwarded by many experts in education, according to 

their ideals. Some of the important taxonomies in science education are 

as follows, 

Blooms Taxonomy 

Bloom’s taxonomy is a classification of learning objectives in 

education developed by a committee of educators chaired by Benjamin. 

S. Bloom in 1956. It is a set of three models used to classify learning 

objectives on the basis of level of complexity and specificity (Bloom, 

1956). These objectives or behavioural outcomes of individuals 

resulting from instruction are classified into three domains. 

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 
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education and it is commonly used to structure curriculum, learning 

objectives, learning experiences and assessment. 

Bloom’s Revised Taxonomy 

In 1990’s, 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 were changed from noun to verb forms, 

because thinking is an active process (Anderson & Krathwohl 2001). 

There was a change in terminology also  ie, knowledge changed into 

remembering, comprehension became 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. 

Mc Cormack and Yager’s Taxonomy 

Mc Cormack and Yager in 1989 developed a new "Taxonomy for 

Science Education” that broadens the view of science education beyond 

the two domains of content and processes. The basic aim behind the 

designing of taxonomy was to make the students scientifically and 

technologically literate. They incorporated five categories or domains of 

science education. The domains coming under Mc Cormack and Yager’s 

taxonomy are, 

1. Knowing and understanding (Knowledge Domain) : Facts, laws, 

principles, theories and the internalised knowledge held by the 

students fall under knowledge domain. 

2.  Exploring and discovering (Process Domain): This domain 

includes 13 process skills identified by the American Association 
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for Advancement in Science in 1968.  These processes are 

coming under knowing, doing and thinking in science. 

3. Imaging and Creating (Creativity Domain): Creativity domain 

consists of experiences that promote divergent thinking, 

imagination, novelty, problem solving etc. 

4. Using and Applying (Application Domain): This domain includes 

the extent to which students can transfer the learned knowledge 

and its effective use in their own daily life. 

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

human feelings, values, and decision-making skills. 

SOLO Taxonomy 

This taxonomy was developed by John Biggs and Kevin Collis in 

1982. SOLO helps the learner to have total control over their learning; 

and to decide what steps have to be taken while learning. Structure of 

Observed Learning Outcomes or SOLO Taxonomy gives a simple, 

reliable and strong model for three levels of understanding; surface, 

deep and conceptual (Biggs & Collis 1982). SOLO provides structured 

framework and direction to progress their thinking and learning. This 

taxonomy explains the growing complexity of a learner’s activity.  

SOLO taxonomy has five main stages  

1. Pre-structural: In this level, student understands, or existing 

knowledge is limited or nonexistent or the task is approached 

from a different angle. 

2. Uni-structural: Students might know one key piece of knowledge 

but they are unable to connect it to anything else in this level. 

3. Multi-Structural: At this level, students can show an 

understanding of several piece of knowledge but they do not 

know how to connect them together. 
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4. Relational: At this level, student’s understanding of the several 

elements is strong and they can make connections between them. 

5. Extended Abstract: Now students can apply their learning in new 

contexts and can visualise it, as part of a greater whole. 

Need and Significance of the Study 

Science is of great importance to 21st century secondary school 

students, because in an education system it is a gateway of 

opportunities, which leads to economic and social development 

(Handelsman, 2004). Science along with its educational purposes 

develops reasoning, curiosity, creativity, positive attitude and problem 

solving attitude which are essential for every citizen. Science is needed 

for the betterment and development of every country. We interact daily 

with scientific machineries which makes our life easier and safe. Today 

India is one among those prestigious countries which are famous for its 

scientific outputs and effective performance in the IT field. 

Our country is facing many challenges in science education like 

overcrowded class size, lack of fund and student interest etc. A huge 

amount of economy is spent for the development of science education; 

unfortunately the quality of science education and research is going 

down at an alarming rate. Science education of our country at primary 

and secondary stages is inadequate compared to the velocity of 

discoveries around the globe. Present curriculum and methods do not 

convey the fascination of scientific research and do not transmit the 

values and approaches that make science relevant to everyday life, 

which leads to responsible citizenship (Alves, 2007).  Alignment of 

course activities and testing strategies with learning outcomes is critical 

for effective course designing.  

Among people, an education system should create skills and 

competence in diverse fields and thereby improve the overall 
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preparedness of the country in the long run. Indian education system is 

at the cross roads trying to find a way to enhance the number and quality 

of future researchers of the country, along with educating large masses 

of relatively unprivileged people. By developing innovative approach of 

teaching science, like learning by doing, learning by inquiry method, 

and discovery method promotes understanding of science as a process 

and an inquiry system that help learners to deal with the significant 

problems of their life. According to NCERT, science textbooks are 

overloaded with scientific facts, it is lagging behind in achieving 

enshrined values like humanism, scientific temper and social justice in 

our constitution, does not encourage inventiveness, scientific attitude 

and creativity, overpowering examination system, school science is full 

of content which is socially sterile, intellectually boring, and dismissive 

of student’s life;  students don’t able to correlate with what is being 

taught in the classroom with their personal life,  and popularity of 

science as a brainy and difficult subject. Even though our present 

education system follows a taxonomy which encourages process aspect 

of science, the expected outcomes are not achieved due to lack of 

awareness among teachers about the proper methodology, lack of 

facilities and funds, inappropriate assessment practices, gap between 

policy makers and teachers etc. 

Although aims give direction to educational system, and bring all 

round development of students, aims are narrowed down to objectives, 

which are specific and realisable portions of aims. Objectives vary with 

aims of education, nature of the society, culture, nature of the discipline, 

age and ability of the learner, nature of the content, availability of the 

resources, quality of the teaching, teaching methods etc. Aim of science 

education is not just to make learners aware of the scientific facts and 

concepts but to develop, curiosity, independent thinking, creativity, 

rationality, critical thinking scientific attitude and scientific world views 
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which are essential for the growth of an individual as well as society as a 

whole. Science education is witnessing lack of interest in innovations 

and deficiency in creativity. Children lose childhood curiosity in natural 

phenomena due to schooling they receive. Teachers discourage 

questioning of accepted laws. Existing education structure has not been 

able to imbibe a proper scientific culture than narrowing down to the 

field of examinations, marks and degrees. Science education must make 

scientists who work and unlock the laws of nature with their own 

efforts. 

Educational objectives give direction to education process. These 

are some standards set for an effective teaching learning process (Mc 

Cormack and Yager, 1989). Taxonomy helps in the development and 

organisation of educational objectives in a hierarchical order. 

Taxonomies of education define goals, standards of curriculum and 

learning objectives. It facilitates the exploration of curriculum from four 

areas, learning content, method of teaching, evaluation process and 

effectiveness of education. Bloom has stated that, “the major purpose in 

constructing a taxonomy of educational objectives is to facilitate 

communication”. Through the systematic use of taxonomies an educator 

can develop certain specific languages which acts as a vehicle for 

communication of curriculum design, sequencing, integration of 

experiences etc. (Bloom,1956). A taxonomical scheme classifies all the 

educational objectives stated in terms of student behaviours. They are 

useful tools for assessing and analysing curriculum objectives. All levels 

of planning in teaching and assessment are based on educational 

objectives and educational taxonomies provide a reference for selection 

of objectives. Taxonomies of learning objectives define goals of training 

because, after training session, students acquire new skills, knowledge 

and attitudes. It acts as a quick and easy checklist to plan learner 

outcome, to analyse all the possibilities of content and to suggest variety 
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of teaching methods. It also helps the teacher to concentrate upon certain 

higher order abilities of the learner. There is much taxonomy based on 

different perspectives. The investigator took three different taxonomies, 

Revised Bloom’s taxonomy, Mc Cormack and Yager’s taxonomy and 

SOLO Taxonomy for comparing their effectiveness on certain learning 

outcomes of students at secondary level. 

Scientific attitude is the desire to know and understand, 

questioning to all statements, search for data and their meaning, search 

for verification, and consideration of consequences (Gardner, 1975; 

Osborne, Simson & Collins, 2003). Attributes of scientific attitudes are, 

rationality, curiosity, open mindedness, aversion to superstition, 

objectivity, intellectual honesty and suspended judgement. These 

attributes are important in everyone’s life. According to Lawson (1982), 

scientific attitude is necessary to dispel ignorance and backwardness; it 

will bring a balanced perspective to bear on social evils and conflicts 

and could lead to a better world. If we act favourably or unfavourably 

towards some external class of stimuli, according to the ethics of science 

it is called scientific attitude (Munby,1983). An individual with 

scientific attitude consciously or unconsciously thinks and displays 

traits, which are common to scientists. It is the ability to do things based 

on proven principles. A student having scientific attitude is always free 

from superstitions, unverified assumptions and popular opinions that has 

no empirical basis. Every science teacher should undertake the 

responsibility to develop scientific attitude in their children through 

planned activities and teaching strategies. 

To develop fundamental understanding about science, children 

need to think and act creatively.  Scientists utilise their creativity in 

every stage of their work (Lederman,2000). That is why science is said 

to be a process containing creativity components in its each step 

(Saxena,1994).Only a creative scientist can find useful solutions to 
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problems in daily life. Children who practiced creativity in science 

classes usually apply it in other areas also (Meador, 2003). Creativity 

can be defined as finding gaps in the problem or information, creating 

hypotheses and transmitting the data (Torrence, 1995, Dass 2004). 

While examining this definition it becomes clear that creativity and 

scientific method are having similar step. So it can be concluded that 

science and creativity are two sides of a coin. Scientific creativity helps 

an individual in many areas like, comprehending new ideas and 

concepts of scientific knowledge, formulation of new theories in 

science, doing new experiments to prove natural laws, giving originality 

to scientific plans and projects etc. The individuals who use creativity 

can make their science education functional, and therefore the scientific 

information can be the basis for producing a valuable product instead of 

just giving amazing information (Aktamis & Ergin, 2008).Therefore one 

of the important aims of science education must be to inculcate creative 

thinking skills in children from elementary school onwards. 

A metacognitive approach to instruction can help students, learn 

how to take control of their own learning by defining learning goals and 

monitoring their progress in achieving them (Bransford et al., 

2000).Children needs both cognitive and metacognitive strategies for 

learning. Learners construct knowledge using their cognition but they 

guide, regulate and evaluate their learning through metacognition. 

Metacognition refers to one’s knowledge concerning one’s own learning 

process or anything related to that (Flavell, 1976). As a learner acquires 

skill in metacognition, they gain confidence in their learning and this 

motivates independent learning and acquires permanent knowledge and 

higher achievement (Koutselini, 1995). Students think about their own 

thinking strategies and start learning from mistakes and inaccuracies. 

Through the metacognitive process, children go beyond the classroom 

teaching and apply their learning in life situations. Systematic planning, 
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effective management of time and resources, monitoring of progress etc. 

are characteristics of metacognitive learning. All these are essential 

features of science learning also. The task of the educator is to 

acknowledge, cultivate, exploit and enhance the metacognitive abilities 

of the learner. 

Kerala state has been going through a series of educational 

reforms over the last decade to make the school education more 

effective. This includes constructivist paradigm along with continuous 

and comprehensive system of evaluation. But its over emphasis on 

activity oriented pedagogy resulted in degradation of content 

knowledge. Scientists and science educators believe in approaches and 

attitudes, which are parallel with the procedures and attitudes of 

scientists. With the help of Taxonomy of Educational Objectives, a 

teacher can define and translate the objectives accordingly. This 

improves the quality of educational outcomes, curriculum, and 

transaction and evaluation procedures. In the present scenario, the 

society is facing many social, political and environmental issues; it is 

science alone, which can make a difference (Bhattacharyaya et al. 

2013). So it is the duty of the teacher to inculcate certain abilities for 

knowing and doing of science by which they can solve the above-

mentioned issues to make earth a better planet to live. An educational 

Taxonomy is an aid to teacher in selection of better objectives for 

learning. But there exist lot of confusions regarding the selection of a 

suitable taxonomy for science education in Kerala. Some taxonomy 

gives importance to product aspect of science while some gives 

importance to process aspect. 

The investigator reviewed a number of studies based on 

educational taxonomies conducted in India and could find that not much 

has been done in the field of comparison of taxonomies. Since 

educational taxonomies and objectives are the backbone of every 
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educational system, a science teacher should possess a deeper 

knowledge of the learning outcomes related to the subject. Nowadays 

students are far away from the deeper level understanding of both 

process and products of science. Therefore, the investigator felt the need 

to analyse different taxonomies thoroughly and measure and compare its 

effectiveness in developing Scientific Attitude, Scientific Creativity and 

Metacognitive Awareness. Thus, the study is envisaged for 

understanding the effectiveness 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. 

Statement of the Problem 

The study was undertaken with the aim of finding out the 

effectiveness of instructions based on SOLO Taxonomy, Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy on 

secondary school student’s metacognitive awareness, scientific attitude 

and scientific creativity. Hence, the study is entitled 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 defined below: 

Effectiveness 

Effectiveness is the ability to achieve desired results with 

economy of time and effort in relation to the amount of works 

accomplished (Good, 1959). 
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Operational definition 

In this study, effectiveness implies significant difference in the 

mean scores of metacognitive awareness, scientific attitude, and 

scientific creativity of students who were taught by SOLO Taxonomy, 

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

Instruction 

Instruction is a statement or explanation of something that 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 (SOLO), is a 

cognitive processing taxonomy, developed in 1982 by two Australian 

academics, John Biggs and Kevin Collis, which categorises mental 

activity by quantity and quality attributes of activities required by 

students or by the observable products of student works. This taxonomy 

consists of 5 levels of understanding, pre structural, uni structural, multi 

structural, relational and extended abstract. 

Operational definition 

Teaching based on SOLO Taxonomy for the five levels; pre 

structural, uni structural, multi structural, relational, extended abstract to 

give a deeper understanding of science.  
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Bloom’s Taxonomy 

Bloom’s taxonomy is a classification of learning objectives 

within education proposed in 1956 by a committee of educators chaired 

by Benjamin. S. Bloom .The behavioural changes of individuals 

resulting from instruction can be classified into three domains, cognitive 

domain ,affective domain and psychomotor domain. 

Revised Bloom’s Taxonomy 

In 1990’s, Lorin Anderson, a former student of Benjamin. S. 

Bloom revised the original Bloom’s Taxonomy and named it Revised 

Bloom’s Taxonomy. Objectives of Revised Bloom’s Taxonomy are 

remembering, understanding, applying, analysing, evaluating and 

creating. 

Operational definition 

Instruction based on Revised Bloom’s Taxonomy for the five 

levels of objectives; remembering, understanding, applying, analysing, 

evaluating and creating. 

Mc Cormack and Yager’s Taxonomy 

Mc Cormack and Yager in 1989 developed a new "Taxonomy for 

Science Education”. They incorporated five categories or domains of 

science education. The domains coming under Mc Cormack and Yager’s 

taxonomy are, knowing and understanding (knowledge domain) 

exploring and discovering (process domain), imaging and creating 

(creativity domain), using and applying (application domain), feeling 

and valuing (attitude domain): this domain consists of human feelings, 

values, and decision making skills. 
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Operational definition 

Instruction based on five domains of Yager’s taxonomy; 

knowledge domain, process domain, application domain, attitude 

domain and creativity domain. 

Learning outcomes 

Learning outcomes are statements of what a learner is expected to 

know, understand or be able to demonstrate after the completion of   

learning process.   

Operational definition 

In this study  learning outcomes are expressions of metacognitive 

awareness, scientific attitude and scientific creativity which students 

will acquire after the successful completion of process of learning and is 

obtained by standardised test of metacognitive awareness, scientific 

creativity and scientific attitude. 

Secondary school students 

The term denotes students studying in class VIII, IX and X of a 

recognised school, following  Kerala state syllabus 

Operational definition 

Here the term denotes students studying in  class VIII of a 

recognised School following Kerala State syllabus. 

Objectives of the study 

1. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude of secondary school 

students. 
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2. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Creativity of secondary 

school students. 

3. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Metacognitive Awareness of 

secondary school students. 

4. To compare the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude, Scientific 

Creativity and Metacognitive Awareness of secondary school 

students. 

Hypotheses 

1. There will be no significant difference between the mean pre-test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Attitude of 

secondary school students. 

2. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Attitude of secondary 

school students. 

3. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

I. 
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4. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

II. 

5. There will be no significant difference between the mean pre-test 

and post test scores of Scientific Attitude of Experimental group 

III. 

6. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group II. 

7. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group III. 

8. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group II and 

Experimental Group III. 

9. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Creativity of 

secondary school students. 

10. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Creativity of secondary 

school students. 

11. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group I. 
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12. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group II. 

13. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group III. 

14. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group II. 

15. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group III. 

16. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group II and 

Experimental Group III. 

17. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Metacognitive Awareness 

of secondary school students. 

18. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Metacognitive Awareness of 

secondary school students. 

19. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group I. 
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20. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group II. 

21. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group III. 

22. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group II. 

23. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group III. 

24. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group II and 

Experimental Group III. 

Methodology 

For finding out the effectiveness of an instruction based on 

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

Yager’s Taxonomy on certain science learning outcomes, experimental 

method was adopted. Experimental design selected for the study is Pre 

test post test non equivalent group design. 

Variables selected for the study 

Experimentation involves independent variable, dependent 

variable. 

Independent variables 

Instructional procedure was  taken as the independent variable, 

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 are following 

1. Scientific Attitude 

2. Scientific Creativity 

3. Metacognitive Awareness 

Design of the study 

Experimental Design 

In order to test the effectiveness of an instruction based SOLO 

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

Taxonomy for  teaching science to secondary school students’, Quasi-

experimental design (pre test post test non equivalent group design) was 

employed.  

Sample used for the study 

The present study was conducted on a sample of 210 students of 

standard VIII drawn from three schools of Kottayam. The schools 

selected for the study were NSS Boys High school, Perunna, NSS Girls 

High School Perunna and NSS High School Kidangoor. Among the 210 

students of Experiment group, 70 students were treated with instruction 

based on SOLO Taxonomy (Experimental Group I),  and 70 were  

treated with instruction based on Revised Bloom’s Taxonomy 

(Experimental group II), and the other 70 students were  treated with 

instruction based on Mc Cormack and Yager’s Taxonomy 

(Experimental group III). 
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Tools used for the study 

The following tools were developed and used in the 

experimentation. 

1. Raven’s standard progressive matrices 

2. Scientific Attitude Scale (Meera and Revati,2016) 

3. Scientific Creativity Test (Weiping Hu and PhilipAdey,2002) 

4. Metacognitive Awareness Inventory (Meera and Revati,2016) 

5. Lesson transcripts based on SOLO Taxonomy (Meera and 

Revati,2016) 

6. Lesson transcripts based on Revised Bloom’s Taxonomy (Meera 

and Revati,2016) 

7. Lesson transcripts based on Mc Cormack and Yager’s 

Taxonomy (Meera and Revati,2016) 

Statistical Techniques employed 

• Descriptive statistics like Mean, Median, Mode, and Standard 

deviation 

• Test of significance of difference between the means scores of 

three dependent groups 

• Analysis of Variance (ANOVA) followed by Scheffe’s Test of 

Multiple Comparison. 

• Analysis of Co Variance (ANCOVA) 

Scope and limitations of the study 

The investigator hopes that the findings of the study will be 

useful to educational administers, educationists, teachers and research 

scholars to modify the teaching learning process. The findings will fill 

the gaps if any, in the studies conducted so far and would trigger deeper 

studies by the future researchers in this area.    
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The present study is to compare the effectiveness of instruction 

based on three different taxonomies on certain learning outcomes related 

to science subject of secondary school students. It is expected that the 

present study will be helpful to determine the effectiveness of SOLO 

Taxonomy, Revised Bloom’s Taxonomy and Yager’s taxonomy on 

learning outcomes like Scientific Creativity, Scientific Attitude and 

Metacognitive Awareness. The investigation in to the effectiveness of 

these three taxonomies will be helpful to identify which type of 

taxonomy is efficient in developing and enhancing science related 

learning outcomes. Comparison of the effectiveness of different 

taxonomies help practitioners to choose a taxonomy to select  suitable 

learning outcomes and plan their instruction accordingly. 

The investigation in to the interactive effects of these three 

independent variables will be highly fruitful to educators to identify how 

instruction based on these three taxonomies influence Scientific 

Attitude, Scientific Creativity and Metacognitive Awareness of 

secondary school students. The study opens new avenues for researchers 

to investigate into the science related behaviours of young children. The 

scope of the study is enormous in which curriculum planners, science 

teachers, teacher educators and persons involved in education can use 

the findings of the study to improve the performance of the students in 

schools as well outside schools. The study will help educators to plan 

and test objectives or learning outcomes more effectively. This helps the 

whole educational system function successfully. The study also opens 

the area of metacognition, which is a much researched variable recently, 

helpful in increasing the achievement of secondary school students. 

The present study has certain limitations also. In spite of exerting 

maximum efforts to make the study most objective and fruitful the 

investigator could not get rid of the following limitations. 
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1. Owing to practical reason, the study was confined to schools of 

Kottayam District. 

2. Even though the investigator reviewed the literature and various 

studies based on the variables, researcher could have included a 

preliminary survey phase in order to find the present status of 

teaching and learning phase.  

3. The investigator collected possible reviews but there were only 

few studies on taxonomies carried out in Indian context. So it is 

an attempt from the part of the investigator. 

4. Since the study is intended to compare the effectiveness of 

instruction based on three different taxonomies on science 

learning outcomes control group is not included. 

5. The study was confined to three independent variables only, 

Scientific attitude, Scientific Creativity and Metacognitive 

Awareness. 

6. In order to reduce the length of the topic instead of revised 

Bloom’s taxonomy, investigator used Bloom’s taxonomy and 

clarified it in the operational definition part of first chapter.   

7. The sample of the study was confined to a small sample of six 

intact classes of VIII standard as this is considered as the 

representative sample of secondary school students. 
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In research process, making an extensive review of related 

studies is a vital component. In this chapter, the investigator reviews the 

related views of other established researchers in the field in which the 

current study is undertaken. In the present study, the investigator has 

gone through various books, theses, reports, journals and research 

reviews related to the topic. This helped the investigator in determining 

what has already been done in the thrust area of study. The process of 

reviewing avoids unintentional duplication, provides necessary insights 

into the logical framework of topic under study and facilitates the 

interpretation of results. It also points out research strategies, specific 

procedures and measuring instruments that have and not have been 

found to be productive in investigating the problem (Gay, 1996 ).  

In this chapter, the researcher attempted to explore the theoretical 

aspect of SOLO Taxonomy, Revised Bloom’s Taxonomy, Mc Cormack 

and Yager’s Taxonomy, Scientific Attitude, Scientific Creativity and 

Metacognitive Awareness.  The researcher scrutinized various studies 

conducted in the educational settings and related these variables in the 

present educational area.  Hence, this chapter comprised of two sections, 

the theoretical background of the variable and studies done by other 

researchers in this area. 

Theoretical Framework of the Variables  

 The theoretical aspect of SOLO taxonomy, Revised Bloom’s 

Taxonomy, Mc Cormack and Yager’s taxonomy, Scientific Attitude, 

Scientific Creativity, and Metacognitive Awareness are 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 complexity from surface to 

deep understanding” (Biggs & Collis, 1982). The Structure of Observed 

Learning Outcomes (SOLO) taxonomy explains the increasing 

complexity of students’ learning process.  It was developed in 1986 by 

two Australian academics John Biggs and Kevin Collis. SOLO 

Taxonomy was created by careful analysis of student responses to 

evaluation tasks.  While developing it, Biggs and Collis considered 

many factors of learners which affect their learning like, previous 

knowledge, misconceptions, motives, intensions regarding education, 

learning strategies etc. So it has been gone through qualitative and 

quantitative dimensions and validated for use in a wide range of 

disciplines (Hattie & Brown, 2003). 

 SOLO is a structured framework used by learners to measure 

progress of thinking and learning outcome.  SOLO clarifies learning 

outcome of an activity, a unit, a project etc.  This model works with 

outcomes related to both descriptive and functional areas of learning.  

SOLO is useful to teachers in various ways, planning the level of 

learning, assessment of students learning etc. 

 In SOLO, a student understands leads from simple to complex 

connections as they passes from ignorance to expertise.  Each level of 

understanding is a continuation of the previous level. Thus SOLO 

displays student’s outcome at five levels. Learners progress through 

these five stages; which are relevant to all subjects and all disciplines.  

The five levels are Pre structural, Uni structural, Multi structural, 

Relational and Extended abstract levels.  All these five levels can be 

classified into three groups.  These three groups are considered as three 
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levels of knowledge, surface knowledge, deep knowledge conceptual 

knowledge.  

The first Pre structural level of SOLO is a stage of ignorance and 

it is not included in the three levels of knowledge mentioned earlier.  

The next two stages namely Uni structural and Multi structural are 

included in surface knowledge.  The last two levels Relational and 

Extended Abstract levels are included in deep knowledge.  By using this 

taxonomy one can identify the level in which a student is recently 

operating. 

SOLO taxonomy category definition  

SOLO Taxonomy has five main stages.  

1.  Pre structural:  In this level student’s understanding, or existing 

knowledge is limited or nonexistent, or the task is approached 

from a different angle. 

2. Uni structural:  In this level students might know one key piece 

of knowledge but they are unable to connect it to anything else in 

this level. 

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

3. Multistructural: At this level, students can show an understanding 

of several piece of knowledge but they don’t know how to 

connect them together.  

Indicative verbs: combine, describe, enumerate, perform serial 

skills, list etc. 

4. Relational: At this level student’s understanding of the several 

elements is strong and they can make connections between them.   

Indicative verbs: analyze, apply argue, compare/contrast, 

criticize, explain causes, relate, justify etc. 

5. Extended Abstract: Now students can apply their learning in new 

contexts and can visualize it as part of a greater whole.   
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Indicative verbs:  create, formulate, generate, hypothesize, 

reflect, theorize etc. 

Psychological Bases of the four levels 

Biggs and Collis (1982) made their model on the basis that “in 

any learning episode, both qualitative and quantitative learning 

outcomes are determined by a complex interaction between teaching 

procedures and student characteristics”. By considering student’s 

previous knowledge, motivation, learning strategies, intentions about 

learning they arranged the levels based on various characteristics ie, 

from concrete to abstract, increasing number of organizing dimensions , 

increasing consistency  and increasing use of organizing principles.  The 

four ways in which complexity increases are capacity, relationship, 

consistency and closure, and structure (Hattie & Bown, 2003). 

Capacity: Working memory and attention span increases at each level of 

SOLO. At surface level students only encode or recall the given 

information. At deep level in depth thinking and establishing 

relationships between facts is needed. 

Relationship:  At uni structural level, children know only one aspect and 

no relationship is possible.  In multi structural they consider many 

aspects but they don’t have the ability to relate it.  At relational level 

students establishes relationships between many aspects and in extended 

abstract level, students apply this relationships to new situation.  

Consistency and closure:  At uni structural level, students give an 

answer with immediate recall of information (closure) but in extended 

abstract level student moves to the possibility of inconsistency across 

contexts. 

Structure:  In uni-structural responses a learner need only a single 

relevant information but in multi structural, several bits of information 
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has to be linked.  At relational level an underlying conceptual structure 

is needed.  While in extended abstract a generalised structure is needed 

for application in new contents. 

 By SOLO students can observe learning progress due to their 

efforts rather than luck or fixed abilities.  In this way, SOLO supports 

students, in developing metacognition, self regulation, self efficacy, 

engagement and resilience (Brown 2003). SOLO  helps a teacher in 

evaluating achievement, engaging in curriculum analysis, judging the 

specific learning out comes, setting quality of learning, instigating 

appropriate remedial measures etc.  SOLO helps for defining quality of 

learning and standards for teachers and students to set goals for different 

tasks. Each SOLO level is a metric of the complexity of the material, so 

it is easy for a teacher to select a task, which is relevant to student 

performances (Hattie, 2003).  

 SOLO taxonomy helps teachers and students as an alternative 

tool for selecting items for a test.  According to Biggs and Collis( 1982), 

“SOLO levels arise form an understanding of the process of student 

learning, and a concern to develop qualitative criteria of learning that 

have formative as well as summative value”. 

Bloom’s Taxonomy 

Bloom’s Taxonomy of educational objectives was published in 

1956 by a committee of educational psychologists under the leadership 

of Dr. Benjamin S Bloom.  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 
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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. 

It is a set of three models used to classify learning objectives on 

the basis of level of complexity and specificity (Bloom, 1956). These 

objectives or behavioural outcomes of individuals resulting from 

instruction are classified into three domains. 

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 

organization. 

3. Psychomotor domain: Includes physical and motor skills. 

Objectives of this domain are receiving, responding, valuing, 

organization and characterization. 

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. 
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Bloom’s Revised Taxonomy 

In 1990’s, 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 were changed from noun to verb forms, 

because thinking is an active process (Anderson & Krathwohl 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 were changed from noun to verb forms.  

The lowest level of original taxonomy, knowledge is renamed as 

remembering. Comprehension and synthesis are retitled as 

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, exemplifying, classifying, 

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, determining 

how the parts relate to one another, and to an overall structure or 

purpose, through differentiating, organizing and attributing. 

• 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 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.   

Table 1 

The revised taxonomy table 

 Cognitive Process dimension 

The Knowledge 

Dimensions 
Remember 

Under-

stand 
Apply Analyze Evaluate Create 

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 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. 
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Mc Cormack and Yager’s Taxonomy 

 Science learning becomes fruitful when a student learns how to 

use scientific knowledge and scientific ways of thinking to live a better 

life and to make rational and social decisions.  Mc Cormack and Yager 

opined that science education is giving importance to knowing and 

understanding of factual information only.  They viewed that for the 

development of a scientifically literate person who can meet the needs 

of the society, mere presentation of factual information is not enough.  

Thus they proposed a new taxonomy of science education containing six 

domains related to science learning. 

Six domains of Taxonomy of science education  

1. Concepts (knowing and understanding): scientific information- 

facts, concepts, laws, hypotheses and theories accepted by the 

scientific community. 

2. Processes (exploring and discovering): processes of science, how 

scientists work and think. 

3. Applications (using and applying):  Applications of what is 

learned, to do science, connection to everyday life, informed 

decision making. 

4. Attitudes ( feeling and valuing):  Attitudes, sensitivity ,  societal 

issues and impacts  

5. Creativity (imaging and creating):  Idea generation, designing, 

problem solving. 

6. Nature of science (the scientific endeavors): History and 

philosophy of science, how science progress and, science 

knowledge and understanding develop. 
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1. Conceptual Domain  

 Milller (1989) noted that without an understanding of science 

concepts it would be impossible for the student to follow much of the 

public discussion of scientific results or public policy issues related to 

science and technology.  Students should have concrete experience with 

concepts before moving to abstractions. Only then they can use those 

concepts in real life situations. Facts, laws, principles and the 

internalized knowledge held by students, all fall under the umbrella of 

concept domain (Mc Cormack and Yager 1989). Science learning 

should promote conceptual linkages instead of concepts in isolation 

approaches   

2. Process domain  

 Science process skills are certain inquiry skills related to 

exploring and investigating activities in science.  These skills are 

essential for everyday life, to understand nature, and to yield important 

insight of science education (Aikenhead, 1979).  For programme, 

Science: A Process Approach (SAPA) American Association for the 

Advancement in science (AAAS) in 1968 identified 13 process skills.  

These are the process used by scientists in accomplishing their work.  

The ability to use these process skills in a combined manner 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  

• Identifying and controlling variables  

• Interpreting data  

• Formulating hypotheses  

• Defining operationally  

• Experimenting  

3.   Application Domain  

 A key element in the application domain is the determination of 

the extent to which the students can transfer and effectively use what 

they have learned to a new situation especially in their daily life 

(Grunloud, 1981).  Application domain is an important domain of Mc 

Cormack and Yager’s taxonomy, because children use learned concepts 

and process not only in familiar contexts but also in solving new 

problems also.  In school, children apply this knowledge in problem 

solving and learning new material, while in their daily life, they choose 

these concepts and skills for dealing with novel contexts.  Beginning 

science learning based on students concerns in the real world may be the 

way to diminish the gap between the world of school science 

experiences and their personal, societal and technological experiences 

(Mc Cormack and Yager 1989). Children should be able to integrate 

science, technology and knowledge to solve current social and 

technological issues. This gives training in integration 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 development  

• Application of science concepts and skills to solve technological 

problems  

• Understanding scientific and technological principles involved in 

technological devices. 

4. Attitude Domain  

 Felker (1974) found that when students were induced to make 

positive statement about them, they attained more positive attitudes 

about themselves.  In science education attitude is very important in 

various contexts. Two categories of attitudes in science are; attitude 

towards science (interest in science, attitude towards scientists, and 

attitude towards social responsibility in science) and scientific attitude 

(open mindedness, honesty, scepticism) (Gardner, 1975).  Science 

teachers should retain the interest of their students by changing 

instruction and assessment practices and by being more students centred. 

Students should be able to solve problems with greater independence 

without parent or teacher involvement (Mc Cormack and Yager, 1986) 

Characteristics of attitude domains  

• Exploration of human emotion  

• Expression of personal feelings in a  constructive way  

• Decision making about personal values  

• Decision making about social and environmental issues  

• Positive student attitude towards science  

• Positive attitude towards oneself  

• Development of sensitivity to respect others feelings  
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5.  Creativity domain  

 Creativity is integral to science and scientific process. It is used 

in generating problems and hypotheses for designing plan of action 

(Hodsons & Reid , 1988). According to Torrence (1969) “creativity is a 

process of becoming sensitive to problems, deficiencies, gaps in 

knowledge, missing elements and disharmonies”. He included 

identification of difficulties, search for solution, making guesses or 

formulating hypothesis about deficiencies as attributes of creativity. It is 

an important part of many process of science. Creativity is difficult to 

assess.  To nurture and enhance creativity of a student in the class room, 

teacher should be student centred.  Openness in classroom, acceptance 

of ideas, thinking outside the box, trying new things, and a ‘go with the 

flow’ approach are signs of a student’s creativity. Scientists and students 

work in the laboratory by manipulating natural phenomena for a better 

understanding, to find the cause behind it and to experiment something 

new. An imaginative and inventive mind is necessary for 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 endeavour that 

relies on reasoning, insight, energy, skill and creativity”.  Science 

teachers must concentrate on an instruction which helps in the 

understanding of scientific nature of science.  In the course of human 

history, people have developed many interconnected and subsequently 

validated ideas about the physical, biological, psychological and social 

worlds (AAAS, 1990). Through generations these ideas helped to 

achieve a reliable understanding of nature and man through observation, 

experimentation and validation.  Nature of science deals with how 

scientific knowledge has developed and the role of scientists in it. 

Science is tentative in nature. Instruction should reflect this nature of 

science (Lederman 1992).Children should be sensitized with the world 

of scientists and their works, through Nature of Science Domain.  In the 

attempt to reflect the nature of science, group work, reporting findings, 

discussions and reaching consensus are all parameters involved 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 the natural world. 
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SCIENTIFIC ATTITUDE 

 Education should function as a tool for social change and 

scientific change. Throughout in the history of India, various 

commissions and committees placed science at an important position in 

the field of education.  For the all round development of the personality 

of children, science education should aim at development of scientific 

attitude in them. 

 Scientific attitude is the mental readiness to do certain science 

related activities. It is an important outcome of science teaching.  Many 

educationists consider scientific attitude as the product of teaching 

science but majority consider it as equally important as knowledge (Rao, 

2003). Science teaching should aim at developing scientific attitude 

common to scientists than following a particular method.  Some of the 

characteristics of scientific attitude are, removal of false belief with 

logical method, curiosity, open mindedness, tolerance, rational outlook 

suspended judgement, etc.  According to Vaidya (1971) “Scientific 

attitude is a set of emotionally toned ideas about science and scientific 

methods, and is directly or indirectly related to a course of action”.  

According to John Dewey (1933) “scientific attitude is linked with 

curiosity, fertile imagination and tone of experimental inquiry”  Ausekar 

(1995) stated that “scientific attitude is    open mindedness, a desire for 

accurate knowledge, confidence in procedures for seeking knowledge  

and the expectation,  that the solution of the problem will come through 

the use of verified knowledge”: 

 Having scientific attitude consists in being willing to accept only 

carefully and objectively verified facts and to hold a single fact above 

the authority. To develop scientific attitude in learners, teacher should 

motivate questioning attitude, spirit of enquiry, respect for evidence etc. 

in the class. While children practice and observe science, they feel and 
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develop different components of scientific attitude. Students who have 

positive attitude towards science shows increased attention to classroom 

instruction and participate more in science related activities (Germann, 

1988, Jarvis & Pell, 2005).  

Dimensions of attitude 

 An attitude has four dimensions namely intensity, extensity, 

duration and direction.  All these four aspects are important in 

influencing the behaviour of a person. 

Intensity 

 Intensity of an attitude is evidenced by the extent to which it 

motivates an individual’s behaviour.  An intense attitude will break all 

its obstacles to find its expression in the behaviour of a person. 

Extensity 

 It is a measure of attitude, which has broad and pervading 

influence on the behaviour of a person. 

Duration 

   It is the function of education to modify existing negative 

attitude and create new, positive and enduring attitude. 

Direction   

It gives us the evidence on which part of a person’s behaviour is 

modified. 

Factors influencing the development of Attitudes 

 There are many factors, which influence the development of 

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



Review of Related Literature     

 

42 

 

Maturation  

 With maturity a person’s attitude become more positive and the 

person will be able to solve the problems.   

Physical factors  

      Physical factors like malnutrition, disease and accidents can 

affect the attitude of a person. 

Home influence  

 Home environment, attitude of members in the home, economic 

stability moral stability etc can affect the attitude of person. 

Social environment 

 Stereotype society, orthodox people, prejudices and biases etc 

existing in a society causes a person’s attitude to be negative. 

Cognitive factors:  Cognitive factors like intelligence, creativity and 

achievement effects the attitude. 

Components of scientific attitude 

 Components of scientific attitude approved by majority of 

educational psychologists are as follows. 

• Critical mindedness (looks for consistency and challenges the 

validity of statements) 

• Suspended judgment (recognizes the restricted nature of evidence 

and concept) 

• Honesty (reports all evidences and acknowledges the work of 

others) 

• Objectivity (considers pros and cons and all of the evidence 

available unbiased) 



Review of Related Literature     

 

43 

 

• Willingness to change (alters hypotheses, assumptions, 

technologies and methods) 

• Open mindedness (considers several possible alternatives when 

investigating) 

• Questioning attitude (asks many questions: how, what, who, 

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 (1980) are as follows  

Commitment to the value of rationality 

Tendency to test traditional beliefs  

Seeking natural course of events and identification  

 Science teachers should inculcate these components of scientific 

attitude among their students through special instructional strategies. 

Science teaching objectives and scientific attitude  

 Rao (1990) in his report of school science teaching, stated certain 

objectives for science teaching and scientific attitude. 



Review of Related Literature     

 

44 

 

They are as follows, 

• To arouse curiosity of a learner, towards the nature surrounding 

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 certain aims 

and objectives to science teaching, important among them are 

given below.  

• To familiarize pupil with the world in which he lives and make to 

understand the impact of science, so as to enable him to adjust. 

• To acquaint him with the scientific method and enable him to 

develop scientific attitude. 

• To give pupil a historical perspective, so that he may understand 

the evolution of scientific development. 

• Science strengthens commitments of man to free enquiry and 

search for truth as its highest beauty and obligation (Cilenti, 

1988). Therefore the study of science imparts training in 

scientific method and developing scientific attitude among 

learners. This quality ensures sustainable development of an 

individual as well as nation which is becoming more and more 

scientific gradually (Rao, 1990) 

SCIENTIFIC CREATIVITY 

 Scientists use creativity in every stage of scientific research.  

(Abd-el Khalik , Bell & Lederman, 1998). Creativity plays a significant 

role in every scientific activity.  Creativity is used especially while 

introducing a problem, formulation of hypotheses and for designing and 

conducting experiments. So it touches every step of life (Saxena, 1994).  

For the development of fundamental understanding of scientific 
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principles, and for finding a useful and new solution for life related 

problems, one needs creativity.  All individuals who learn to think 

creatively while dealing with the scientific work can also apply these 

skills in other areas (Meador, 2003).  Although creativity is accepted as 

a problem solving skill in research literature, it requires creative 

performance, recognition of the problem, thinking differently and 

finding solutions.  Recognition of the problem plays an extremely 

important role in the creative process  

Creativity 

 Creativity is influenced by many factors, so it is difficult to 

explain creativity by a single definition.  There are a lot of definitions in 

creativity.  According to Havinghurst and Dehaan (1961) “creativity is 

the quality which leads to the production of something new and 

desirable.  The new product may be new to society or new to the 

individual who creates it.”  By the analysis of a large number of 

definitions on creativity, Rhodes (1961) said that there are four strands 

of creativity or 4 P’s namely: person, process, press and product.  The 

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

Creativity and Person 

 According to Simpson (1922) “creative ability is the initiative 

which one manifests by his power of thought into an altogether different 

pattern of thought concerning the problem of identification.  It is the 

mental quality for searching, combining and synthesizing”. Thurston 

(1938) states that, “an act is creative if the thinker reaches a solution in a 

sudden closure which necessarily implies some novelty to him”. 

Guilford (1956) analysed additional factors that were put forth in the 

scheme of classification of human abilities.  He extracted four fluency 

factors, namely associational, expressional, word and identical and two 

flexibility factors namely, spontaneous and adaptive. Torrence (1969) 
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sorted out 84 important characteristics from various studies.  According 

to K.N Sharma (1971) “The creative person must be highly sensitive, 

has high aesthetic sense, independence of judgment initiative and 

preference for perceptual novelty and complexity.” 

 Stein (1953) views that “A process is creative when it results in a 

novel work that is accepted as a point in time”.  Mackinnon (1962) 

states that “creativity is a process which has a time dimension and which 

involves originality, adaptiveness and realization”. Yamamoto (1964) 

defined creativity as, the process of forming new ideas or hypotheses, 

testing these ideas and communicating the results. 

Creativity and Press 

 Press in the term denoting interaction between human beings and 

their environment. Maslow is considered as the expert in defining 

creativity based on press.  According to Maslow (1963), “creativity 

involved a fundamental change in personality structure and that this 

change occurs in the dissection of fulfilment”. Vinacke (1951) believed 

creativity as “an integrated harmony between external world of reality 

and individual’s internalized needs. 

Creativity and product  

 Measurement of creativity was a serious problem faced by 

psychologists. Some psychologists opined that it is the product which  

the creative individual makes and value of creative product is based on 

its greatness and novelty. 

 Guilford is considered as the exponent in the field of 

measurement of creativity. He measured creativity on the basis of 

fluency, flexibility and originality components. Sharp (2001) defined 

“creativity as the product of distinctive drives and unconscious wishes 

that aspire to become immortal”.  Wertheimer defined creativity as 
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‘productive thinking’.  Taylor (1964) defined creativity as “the measure 

of creative product be the extent to which it restructures our universe of 

understanding”. 

Creativity and Process   

 John Dewey (1933) was first to think creativity as a process.  He 

gave the following model of five steps in typical problem solving 

process. 

Difficulty is felt  →Difficulty located and defined  →Possible Solution 

→  Consequences are considered →A solution in accepted  

The Wallas model comprised of the following four steps  

  Preparation    →  Incubation → Illumination →Verification  

Scientific creativity  

 According to Mackinnon there are three types of creativity, Type 

I, Type II and Type III. They are described below.  

Type I: This type of creativity is also known as Artistic creativity. Here 

the creator expresses his creativity through the product of creation like 

works of sculptors, poets, composers painters, play writers, novelists etc. 

Type II:  This type of creativity is also known as Scientific creativity 

which is exhibited mainly by scientists, biologists, engineers and 

chemists.  There the creator interacts with the environment and a novel 

and an appropriate product is produced with his effort. 

Type III:   This category of creativity comprises the qualities of both the 

above mentioned creativities. Here creativity can be seen as the 

presentation of the creator and the product, linked with a novel and an 

appropriate product.  Modellers, designers, musical arrangers, musical 
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performers, representational painters and architects are the 

representatives of this creativity. 

 The present study deals with scientific creativity or Type II 

creativity. According to Torrance (1995), “creativity is recognizing gaps 

in the problem or information, creating ideas or hypotheses and 

transmitting the data”. This definition proves that creativity is an 

inevitable part of science. Scientific creativity can be considered as a 

helping hand in achieving new and original steps in performing the 

targets of science (Aktamis and Ergin, 2008).  

Important Theories of creativity  

 There are many theories about creativity. Only few of them are 

discussed here. 

Process theory 

 Process theory of creativity was proposed by Wallas (1926).  He 

presented a theoretical oriented model of creative process namely 

preparation, incubation, illumination and verification. These steps 

explain the route of creative thinking. Followed by Wallas, Dewey gave 

five stepped model and Rossman gave seven stepped model to explain 

creativity. 

Intellect Theory 

 Guilford (1956) viewed creativity as divergent thinking and 

proposed that it is an aggregate of mental abilities involving divergent 

thinking slab of SI model.  Intellect theory states that “creativity can be 

drawn from the divergent production of process put first, then four 

contents and lastly the six products in symbols as under. 
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Table 2 

Intellect Theory 

Process Contents Products 

Divergent (D) Figural (f) Units   (U) 

Production (P) Symbolic (S)  Relations (R) 

 Semantic (S)  Systems (S) 

 Behavioral (B)              Implication (I) 

 

       Guilford said that other process like cognition (C), memory (M), 

convergent production (N) and evaluation could not promote divergent 

thinking abilities but it influence creativity. Non verbal creativity is 

exhibited by figural contents produced by divergent production process, 

verbal creativity is developed when symbolic and semantic contents are 

used and lastly behavioural contents gives behavioural creativity. 

Cognitive theory  

 This theory implies creativity is coming from cognitive styles 

which effectively lead to novel information. Gardner points out that 

“accuracy of perception is based on the ability to decant attention”.   

Components of creativity 

 According to Guilford creativity is mostly associated with 

divergent products.  He related divergent thinking to certain well known 

abilities as follows. 
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Fluency- ability to produce a number of valid responses  

Flexibility – ability to produce wide variety of responses  

Originality - ability to generate rare and uncommon responses  

Elaboration - ability to construct complex object on the basis of simple 

construct. 

Later Guilford (1967) added two other abilities; redefinition and 

resistivity to problem; which are related to convergent production and 

evaluation category of intellectual operations. 

 Idea of Guilford on creativity influenced many. Different 

components considered by different researchers related to creativity are 

as follows. 

1. Majundar (1975) Singh (1980) – guess consequences, alternate 

uses problem sensitivity, remote association, apparatus 

improvement, finding conceptual correlates etc. 

2. Misra (1986): redefinition, elaboration, product improvement, 

guess, causes, guess consequences. 

3. Sharma and Shukla (2005):  guess consequences; predict unusual 

uses, finding new relationships, finding out causes etc. 

4. Hu &Adey (2002) made scientific structure creativity model 

(SSCM) having 3 dimensions namely, scientific process 

(scientific thinking and scientific imagination), personality  trait 

(fluency, flexibility and originality) and scientific product 

(technical product, scientific knowledge, scientific phenomenon 

scientific problem). 

Mc. Cormack and Yager (1989) in their taxonomy,  

included a domain ; imagine and  creative which include student 

abilities  related to creativity like visualizing  or producing 

mental image, combining objects and ideas in new ways 
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producing alternate and unusual uses of objects, solving problems 

and puzzles, pretending, dreaming etc. 

METACOGNITIVE AWARENESS  

 Metacognition is a new concept in the field of educational 

psychology.  Metacognition is a word denoting awareness of one’s own 

thoughts.  It enables a 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 ones thinking and learning and oneself as a thinker and 

learner. 

            Metacognitive practices enhance student abilities to apply their 

learning in new contexts (Brown 1987).  Pintrich (2005) 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.  This knowledge will help them 

to expand the extent of their ability.  According to Bransford (2000) 

“those who know, strength and weakness in their areas will be more 

likely to actively monitor learning strategies and resources and  assess 

their readiness for particular tasks and performances”. 

Definitions of Metacognition  

 According to Schraw and Dennison (1994) “Metacognition refers 

to the ability to reflect upon, understand and control one’s own learning” 

Flavell (1976) defined metacognition as “individual’s awareness of how 

he learns and what he does”. 
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Tylor (1999) defines metacognition as “an appreciation of what 

one already knows, together with a correct apprehension  of the learning 

task and  what knowledge and skills it requires, combined with the 

ability to make correct, inferences about how to apply one’s strategic 

knowledge to a particular situation, and to do so efficiently and 

reliably.” 

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 , 1993). 

 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 (1972) 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 
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metacognition but are unaware of that.  But as the children reaches 

adolescence they start recognizing the step by step activities of mental 

activities.  Vygotsky (1962) added language and communication as the 

expression of one’s cognition.  According to Vygotsky a person use his 

“inner voice” to think by which he reinforce his own concrete 

experiences and link these experiences with others. This process is 

described by Vygotskian metacognitive theory which is related to 

Cognitive Psychology of executive control. 

 Term Metacognition was introduced by Flavell (1976).  He was a 

cognitive researcher and a professor of Psychology. He referred 

metacognition as “cognition about cognition or knowing about 

knowing” and recognized certain strategies of metacognition like, 

remembering, categorizing and recalling. According to Flavell, 

“Metacognition refers to one’s knowledge concerning one’s own 

cognitive process or anything related to them, like learning relevant 

properties of information or data”. 

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 to 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. 
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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. 

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 known as written or spoken. 

Procedural knowledge: It 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. 
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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, 1994).  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 is 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 
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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. 

STUDIES RELATED TO SOLO TAXONOMY 

Purti & Mardiana (2017) in their study named ‘How to analyse 

the student’s thinking levels based on SOLO taxonomy found out that,  

students with high self esteem can achieve uni structural to relational 

thinking level, students with medium self esteem can reach to the level 

of uni structural to multi structural level and students with low self 

esteem able to reach uni structural to pre structural level. Investigators 

concluded that by paying attention to self esteem especially in higher 

order objectives students can achieve optimal learning; extended 

abstract level in SOLO taxonomy. Sample selected for the study was 32, 

VIII grade students and used qualitative research with descriptive 

research approach. Tools used for the study are Self-esteem 

questionnaire, problem solving test and interview. 

Keskin et al. (2016) conducted a study to examine the 

compatibility of the questions used by the social studies teachers in 6th 

and 7th level examination. Research tools included; case study, 

observation and document analysis. Sample of the study included four 

teachers at the sixth grade and three teachers at the seventh grade. 

Investigators found out that  even though  teachers asked questions in 

the uni structural and multi structural levels, most of the relevant 
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achievements corresponded to the relational structure level according to 

SOLO taxonomy. The results showed that SOLO Taxonomy can be 

used effectively both in teaching and learning process.  

Canfield & Krockenberger (2016) made a study to describe and 

evaluate an Interactive Student Centred Teaching Strategy of learning to 

analyse laboratory data in clinical pathology. Learning outcomes and 

assessment components are designed for deeper learning with the help 

of SOLO Taxonomy. Study found out that, the strategy enhanced 

interpersonal skills and encouraged deep approach of learning. 

Sophie (2015) conducted a study on deep level learning with 

SOLO Taxonomy. Investigator found that SOLO Taxonomy provides a 

common language of learning for students, to communicate with their 

teachers and peers. The SOLO framework gives teachers and students 

an opportunity to know where they are, define their success and the way 

for achieving it. The five levels, Pre-structural, Uni-structural, Multi-

structural, Relational and Extended abstract assist teachers in planning 

and assessing deep level learning. SOLO allows students to engage in 

active and collaborative dialogue within five different levels of thinking. 

Brown et al. (2013) studied that students vary in learning 

approaches in different contexts. Some learners apply surface approach 

while some apply deep approach of learning. Surface approach leads to 

poor quality learning outcomes, while deep approach leads to better 

understanding, retention and achievement. Study revealed that SOLO 

Taxonomy helps to increase deeper understanding, of a concept and to 

design goals and levels of achievement which help in evaluation 

processes.  

Bhattacharya et al. (2013) investigated the level of learning 

attainment in Qualitative Outcome Learning (QOL) through SOLO 

Taxonomy. Computer assisted content, based on SOLO levels were 
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given to children of 14 years age to test their understanding. They used 

QOL to assess the learning. The study found out that SOLO Taxonomy 

stimulates deep learning. 

Stephen (2013) stated that SOLO describes the levels of 

increasing complexity of students understanding. It helps teachers to get 

an understanding of the learning process by observing the learning 

outcomes of students. By SOLO Taxonomy, a teacher can react to 

student’s response differently, relating to, whether they know to make 

connection between facts, they have surface or deep knowledge etc. A 

teacher gets a clear conceptual understanding of subject. 

Guico & Dolor (2013) conducted a study on the level of 

awareness and possible concerns of the marine faculty members on 

outcome based education. The investigator examined SOLO Taxonomy 

and viewed that it provides a systematic way of describing a student’s 

knowledge, which grows in complexity when mastering a concept. It is 

also helpful to teachers in formulating outcomes which is 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 you have to go back and get 

some more insights. SOLO Taxonomy gives the awareness about where 

you are, in the learning process. Researcher viewed that even though 

SOLO is an assessment tool used by teachers,  it is more 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 application of knowledge. 

Because SOLO helps to classify learning outcomes based on its 

complexity. The researcher found out that, SOLO Taxonomy helps to 

map student’s levels of understanding and to assess how 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 Taxonomy. 

Administers, Head, teachers and students of all the primary schools were 

included in the study populations. Two types of questionnaires for both 

teachers and administers, and a self developed achievement test were 

used to collect data. Study findings showed that majority of the 

administrative staff and teachers are satisfied with the new examination 

system based on SOLO Taxonomy. It increased the authenticity of          

class V examination, increased students learning, creative 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 learning approach, through 

the assessment of learning by summative evaluation techniques. 32 

secondary school students were selected as experimental group who got 

SOLO Taxonomy treatment and the other 35 students received 

traditional method of teaching. Effects of the two treatments were 

analyzed by summative assessment through SOLO Taxonomy. Study 

found out that SOLO Taxonomy as a model for improving learning and 

as a tool to develop and promote deeper approach of learning in 

students. 

Smith &Colby (2010) examined student’s level of learning and 

teacher’s effort to foster deep learning. Study sample consisted of 64 

teachers from different areas. Collection of data was done by examining 

the teaching practices and student’s learning outcomes using SOLO 

Taxonomy. It has been found out that most of the class room learning 

was characterized by reproduction; categorizing information and 

replication of simple procedures. Through this study they 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. Investigator found out that 

SOLO Taxonomy gave deep quality level to education and explored 

student’s learning. Study results showed that SOLO Taxonomy 

appraised student’s learning and increased conceptual understanding 

level. 

Minogue & Jones (2009) conducted a study on, using SOLO 

Taxonomy for the evaluation of student learning in studying cell 

membrane transport through Computerized Learning Environment. Two 

groups of 80 students were selected randomly and two types of feedback 

were given. One group received visual feedback and the other group 

received visual and haptic feedback. Pre test- post test comparisons were 

made and found out that the scores obtained showed significant 

difference. The findings revealed that the group receiving haptic 

augmentation of computer based science instruction lead to deeper level 

of understanding.  

Burnette (2007) conducted a study on 35 clients, appeared for 

counselling. Participants were asked to write a letter on what they have 

learned from counselling. The written responses were analyzed to 

different levels using SOLO Taxonomy. Study suggested that SOLO 

offers an excellent method to assess the outcomes of counselling in an 

instructional frame work. 

Gillian & Levis (2006) explored the use of SOLO Taxonomy for 

development and assessment of higher order thinking in higher 

education. The study revealed that SOLO Taxonomy is a good tool to 

find out metacognition and entering knowledge in a discipline. The 

study also found out that, through SOLO students can organize their 

knowledge in a discipline and present models of desired learning 

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 learning outcomes. The 

three taxonomies studied are SOLO Taxonomy, Bloom’s Taxonomy and 

Reflective Thinking Measurement model. Through experimental study, 

by analyzing scripts of long essay papers and short classroom discussion 

responses investigators found that SOLO is the most suitable Taxonomy 

for assessing learning outcomes. 

Ditchfield (1996) investigated structural organization 

conceptions, and knowledge of their own learning possessed by 40 

teachers of 23-53 years age studying an in service course on adult 

learning. Teachers were asked to give a written statement about learning 

at the beginning of first semester. Project statements were categorized 

and analyzed on the basis of SOLO Taxonomy. 80% of responses were 

at multi structural level while other responses varied between different 

SOLO levels. Result showed that teachers also need to learn about 

SOLO based learning to become independent learners. 

Courtney (1986) studied significance of SOLO Taxonomy for 

teaching and learning Geography. Researcher found out that the five 

level hierarchies of SOLO Taxonomy helped teachers to evaluate the 

quality of student’s thinking.  Study also found out that SOLO 

Taxonomy in good for framing questions, and scoring responses. SOLO 

has broad curriculum applicability and can improve teaching 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 critical thinking .She found 

out that after laying out goals in each category of objectives under 

cognitive domain of Bloom’s Taxonomy, students moves forward 

mastering each level, takes control of information and knowledge 
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presented. Adopting a systematic way of teaching, through the 

taxonomy, gaining and utilizing student’s knowledge at each level, 

students can easily reach to their maximum level of learning. 

Akinde (2015) made a pilot study on learning outcomes based on 

Didactic and Socratic instructional methods.  The study lasted for 7 

weeks.  Two groups were selected, one group got Didactic method while 

the other group got Socratic Method and lastly a test was conducted 

based on five levels of Blooms Taxonomy.  Findings showed that there 

was no significant difference between the two groups of students. 

Ugur et al. (2015) examined the integration of Self Development 

Theory and Bloom’s Taxonomy to promote self development of 

students in educational settings.  The core components of SDT were 

incorporated into Bloom’s Taxonomy for a value integrated personal 

growth.  Both teachers and students were participated in the study and 

findings showed that the process of self development can be enhanced 

by internalization of cognitive learning and supported by favourable 

developmental outcomes of students. 

Wisvanathan & Murthy (2015) conducted a study on how to 

develop student’s higher level cognitive skills.  They developed 

questions in higher cognitive levels based on Revised Bloom’s 

Taxonomy and examined whether the students can solve the higher 

order questions.  Two schools of Mumbai were selected and took class 

3rd  and 4th students as samples.  The investigators observed that students 

answered higher order thinking questions. 

Ayesha & David (2011) conducted a study on student – content 

interaction in online courses.  The role of question prompts is facilitating 

higher level engagement with course content. Based on Bloom’s 

Taxonomy, various cognitive level questions were given and analysed 

its relationship with subsequent responses in online forum.  Results 
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indicated that higher levels promoted higher level student responses and 

questions related to comprehension, application and synthesis 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 while handling critical 

thinking questions with the help of Bloom’s Taxonomy.  Two classes of 

high school students were taken and questions were given based on 

gradation levels of Bloom’s Taxonomy.  The investigator found that 

there is no significant difference between students while answering 

lower order objective questions of Bloom’s Taxonomy, but when they 

reach higher order objectives there is significant difference in answers.   

Neil & Rita (2011) studied outcome based programme 

evaluation using Bloom’s, taxonomy.  Outcome based programme 

evaluation is a method used to assess outcomes based on certain 

indicators.  Investigators checked the acquisition of outcomes of learner 

activities using Bloom’s Taxonomy.   The study indicated that Bloom’s 

Taxonomy is helpful in identifying, classifying and clearly 

communicating outcome indicators by which a teacher can evaluate 

their programme. 

Rupani and Bhuto (2011), through a survey study evaluated the 

existing teaching with the aid of three domains of Bloom’s Taxonomy.  

The study found out that existing teaching was teacher centred, and 

gives emphasis to rote learning.  The study also indicated that affective 

and psychomotor domains are untouched in present method. 

Sultana (2010) study was to improve method of teaching by 

effective use of taxonomy.  Researcher used Revised Bloom’s 

Taxonomy for the study.  Study involved 123 teachers in four sections 

of undergraduate course, on classroom assessment.  Two groups 

received same instructional information but with different practice 
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activities.  Results showed that there was no significant difference 

between two groups. 

Kristeal (2010) examined the effect of Bloom’s taxonomy based 

lesson plans.  Two groups of students were selected for the study.  One 

group taught using Bloom’s taxonomy based lesson plans and other 

group was taught by text book based instruction. Two groups were 

parallely taught by two mathematics teachers.  By analyzing post test 

scores it was observed that the group received Bloom’s taxonomy based 

classes score high than other group. 

Savickiene (2010) published an article on a problematic issue 

regarding ineffective use of teaching outcomes of affective domains of 

Bloom’s Taxonomy.  The article examines the present validity criteria 

of learning outcomes in affective domain and suggests certain solutions 

for learning and teaching affective domain. 

Carolyn & Frank (2009) reviewed that communication of 

educational objectives is essential for teaching learning process.  

Bloom’s taxonomy provided an easy way of communication of 

educational objectives for cognitive learning. Six hierarchical levels of 

Bloom’s Taxonomy ensure different applications and adaptations of 

student learning. 

Guruprasad (2009) studied application of Bloom’s Taxonomy 

to questioning techniques in the classroom.  The researcher viewed that 

in many countries Bloom’s Taxonomy is used for curriculum 

development, classroom interaction and learning assessment which are 

the core areas of education.  The study observed that with the help of 

Bloom’s taxonomy, it is easy to frame higher order thinking 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 evaluated e learning through 

web CT on the basis of Bloom’s Taxonomy.  A questionnaire was made 

to test whether individual and instructional factors play any important 

role in learning while using web CT.  75 participants were involved in 

the study.  Results indicated that individual and instructional 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 cognitive skills.  BBT 

consist about 600 science questions from college life science exams and 

standardized tests. Researchers administered it on three different higher 

secondary school settings.  It was found that, it helped in adjusting 

teaching, attaining mastery in learning the content and in assisting 

students for college level exams. 

Rodney (2007) found out that in organic chemistry classes most 

students try to memorise data than understanding it.  He suggested that 

by implementing Bloom’s Taxonomy we can increase the level of 

comprehension in organic chemistry classes. 

Renumol and Jayaprakash (2006) analysed the difficulties of 

students in programming education.  Sample selected was a group of 

undergraduate engineering students.  Analysis was made on the basis of 

Bloom’s Taxonomy. It was observed that in all domains students 

exhibited problems. Results of the study showed that six levels of 

cognitive domains of Bloom’s taxonomy are very important in 

programming process, and that is why students faces difficulty in 

learning. 

In a study conducted by Airasian & Miranda  (2002), Revised 

Blooms Taxonomy and its role in learning and assessment was 
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examined .Researcher found out that it presents a new and reliable way 

to assess complex cognitive and metacognitive knowledge. 

Krathwohl (2002) revised original Bloom’s Taxonomy of 

educational objectives. It described a new way for classifying 

educational objectives which were different form original Bloom’s, 

Taxonomy.  The paper gives importance to knowledge dimension and 

cognitive process of cognitive domain. 

Gokhale (1995) compared the effectiveness of Individual 

Learning and Collaborative learning to enhance drill and practice skills 

and critical thinking skills. Sample consist of 48 undergraduate 

Industrial Technology students.  Non equivalent control group design 

was selected for the study. 24 students got Individual learning and the 

other 24 got Collaborative learning. A test was prepared by the 

researcher on the basis of Blooms taxonomy, and administered on both 

the categories as pre test and post test.  Pre test scores were same for 

both groups but in post test, the group which got collaborative 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 six Science Domains. They 

found out that process skills indicated student success, Concept and 

Process Domains are part of traditional learning , Creativity and Attitude 

are enabling domains, Application  Domain  helps to apply these of 

concepts in new contexts and lastly Nature of Science Domain includes 

philosophy, history and sociology of scientific process. Investigators 

suggested that a science teacher should focus on all the six 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 physics at 

secondary level. A sample of 340 students of tenth standard were 

selected. 170 students were given, teaching based on Mc. Cormack and 

Yager’s Taxonomy and the other 170 students who were the control 

group received teaching, based on Bloom’s Taxonomy. Tools used for 

the study are Achievement test in physics, Physics  Interest Inventory, 

Scientific Attitude Scale, Scientific Creativity Test, Science Process 

skill test and Metacognitive Inventory. Findings revealed that 

achievement of experimental group was better than control group. 

Experimental group gained more scores which are significantly different 

from control group with respect to interest in Physics, Scientific 

Attitude, Scientific Creativity, Science Process skills, Metacognitive 

Awareness and Achievement in physics. 

Cherif and Verma (2010) made a study to assess student’s 

performance and understanding. The investigator concentrated on the 

effective understanding of human body organs for deep learning. 

Student achievement was assessed based on Mc Cormack and Yager’s 

Taxonomy. They found out that this Taxonomy is useful to teachers for 

evaluating the level of cognitive involvement during learning activities. 

A comparative study of Text Book Based Instruction and STS 

(science, technology and society) based instruction was done by Ackay 

and Yager (2010) in fourth, fifth and sixth grade students. Effect of the 

two processes was evaluated using Mc. Cormack and Yager’s 

Taxonomy. They found out that there was no difference in the concept 

Domain but found significant differences in other five domains. 

Miranda (2008) conducted a study on Pedagogic Content 

Knowledge and Technology Teacher education. Researchers found out 

that Mc Cormack and Yager’s Taxonomy was found to be helpful in 
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guiding the field of engineering and technology. Taxonomy of science 

education put fourth five domains which are arranged hierarchically as, 

Knowledge, Process, Creativity Attitude and Application. Mc Cormack 

and Yager’s Taxonomy was found to be a good tool for Pedagogical 

Content Knowledge treatment of engineering curriculum. 

According to Yager (2007), STS or Science, Technology and 

society is considered to be an important part of the curriculum. But it is 

transmitted in a traditional way. Investigator found that when STS is 

effectively implemented, a science student can obtain all the key 

concepts of science and technology. The six domains of Mc Cormack 

and Yager’s Taxonomy indicate varying goals of science education. 

These domains present a hierarchy of science ingredients which can 

reform science education. 

Yager (2007) found out that Mc Cormack and Yager’s 

Taxonomy is useful for STS and it broadened the vision “Science for 

all”. Mc Cormack and Yager defined and explained all the six domains 

which are important to science. According to them these domains 

functions as,basis for defining goals, curriculum standards, instruction 

and assessment.  

Veal (1999) made pedagogic content knowledge Taxonomies in 

which Mc Cormack and Yager’s Taxonomy is included. Pedagogic 

Content Knowledge Taxonomy is a new trend in educational reforms for 

expertise teaching. It serves as a model for guiding science teacher 

development. 

Melear (1995) investigated creativity and inventiveness in 

science. In that study the investigator referred Mc. Cormack and Yager’s 

Taxonomy which is comprised of imaging and creating as one among 

the six domains. This domain is of great help to teachers and students to 
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be creative in teaching and learning process. The study also mentioned 

the importance of creativity in a classroom with STS focus. 

STUDIES RELATED TO SCIENTIFIC ATTITUDE 

Ahuja (2017) conducted a study on scientific attitude and science 

achievement among secondary school students. Descriptive survey 

method was adopted on 208 secondary school students. Study results 

showed a positive correlation between scientific attitude and science 

achievement. Researcher opined that science-teaching strategies 

developing scientific attitude worked as a determinant of academic 

performance among students. 

Singh & Singh (2017) investigated correlation between 

Scientific Attitude and scientific interest among  IX standard students. 

Method adopted was normative survey and sample consisted 320 

students of Government and Private schools. Study revealed that there is 

a high positive correlation between scientific attitude and scientific 

interest. 

Kaur et al. (2015) studied achievement in science of secondary 

school students in relation to gender, locality and scientific attitude. 

Survey technique was used for the study. 200 twelve standard students 

were taken by random sampling method from rural and urban areas. 

Three way analysis of variance was used to analyse the data collected by 

Scientific Attitude Scale and Science Achievement test. Results showed 

that there is no significant different in male/ female and rural / urban 

students in scientific achievement. Achievement in science of students 

with low, average and high scientific attitude was significant. Three way 

interaction effects among sex, habitation, and scientific 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 students. He took 120 

tenth standard students, 60 from English and 60 from Odia medium 

school of Khurda district of Odisha. ‘t’ test and descriptive statistics 

methods were used to analyse the data. Findings revealed that girls and 

boys of Odia medium school differ in their scientific Attitude. Girls of 

Odia medium school have high scientific attitude than boys. There was 

no significant difference in scientific attitude of boys and girls of 

English medium schools. And finally, there was no significant 

difference in the scientific attitude of Odia and English medium 

students.  

Gupta (2015) analysed the influence of area, gender and stream 

of study on scientific attitude of higher secondary school students. Tools 

used were scientific Attitude scale and Attitude towards science scale. 

Findings showed that gender has no effect on scientific attitude and 

attitude towards science, but stream of study plays an important role in 

developing scientific attitude and attitude towards science.  

Chandrasekharan (2014) made a study to develop scientific 

Attitude, Critical Thinking and Critical Intelligence of higher secondary 

school biology student by applying Synetics technique. Eleventh 

standard students were taken as sample. Control and experimental group 

were selected randomly from the total sample. Pre test and post test 

were carried out and the data was analysed by‘t’ test. The study results 

showed that by synetics model, scientific attitude of the students were 

developed and enhanced compared to traditional way of teaching. 

Nambikkai (2014) conducted a study to find out differences in 

scientific attitude of secondary school students with respect to gender, 

locality, religion, educational qualifications and annual income of father. 

Results showed that (1) There is no significant difference between male 



Review of Related Literature     

 

71 

 

and female students in their scientific attitude, (2) There in no 

significant difference between rural and urban secondary school students 

in their scientific Attitude. (3) There in no significant relationship 

between father’s educational qualification and their scientific Attitude. 

(4) There is no significant relationship between father’s income and 

their scientific Attitude. (5)There is no significant relationship between 

religion and scientific attitude. 

Safdar & Shah (2014) undertook a work to construct and 

validate an instrument to measure scientific attitude of secondary school 

students. Another objective of the study was to compare the attitude 

gained through Meaningful Learning Model of Ausabel and traditional 

method of learning physics. The study extended for 35 weeks. Findings 

revealed that there is a gain in scientific Attitude, for students taught 

using Meaningful learning Model than traditional teaching method.  

Srivatava (2014) investigated whether achievement in science 

can predict scientific Attitude in students. 480 Ninth standard students 

were taken as samples; among them 240 were girls and 240 were boys. 

Scientific Attitude Questionnaire and Scientific Achievement test were 

used as tools. Findings of the study showed that knowledge, 

comprehension and application in science do not contribute to scientific 

attitude among male students. But female students with comprehension 

and knowledge in science showed scientific attitude.  

Relationship between scientific Attitude and Environmental 

Awareness among secondary school students was explored by 

Srivastava (2013). Investigator took IX standard students as sample. 

Findings of the study showed that scientific attitude of boys was not 

related to their Environmental awareness. But in case of girls there is a 

significant relationship between scientific Attitude and Environmental 

awareness. 
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Lekshmi & Anjuli (2010)  studied the extent to which scientific 

attitude and scientific aptitude help in improving environmentally sensitive 

behaviour. They took 480 secondary school students for study. The study 

revealed that scientific attitude influences environmental practices of children, 

but scientific aptitude does not influence it. Through curiosity and open 

mindedness components of scientific Attitude children developed conservation 

of nature, control of noise pollution and limited use of poly products. 

Jancirani, Devakrishnan & Devi (2012) investigated scientific 

attitude of adolescence students with respect to  gender, locality, method 

of instruction and type of management. By random sampling 300 

adolescent students were selected for the study. Scientific Attitude 

Questionnaire was used to collect data. Analysis was done by mean, 

standard deviation and ‘t’ test. The study revealed that there is 

significant difference in the scientific Attitude of adolescent children 

with respect to gender, locality, medium of instruction and type of 

management. Scientific attitude of self-financing schools were better 

than Government and Aided school students.  

Pillai (2012) analysed scientific Attitude of higher secondary 

school students in Virudhanagar district of Tamilnadu. The investigator 

found out that male and female students significantly differ in their 

scientific attitude. The study also showed that Government/Private 

school, Rural/urban school students differ significantly in their scientific 

Attitude.  

Khan et al. (2012) studied the development of scientific Attitude 

by biology teaching based on Inquiry method. Research design used in 

the study was pre test-post test experimental control group design. 120 

secondary school students learning biology were selected as sample. 

Control group received, traditional method of teaching and experimental 

group received, Inquiry method based teaching. Comparison of data was 

done by t test. Finding showed that enquiry method is more effective for 
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biology teaching for developing scientific Attitude than traditional 

method. 

Pattil (2011) made a comparative study of scientific attitude 

among secondary level students. 120 students were taken as samples for 

the study. Mean, standard deviation and ‘t’ test were used to analyze the 

data. Findings showed that there is significant difference between male 

and female student of secondary level and higher secondary level is their 

scientific attitude. Scientific attitude of male students of secondary level 

and higher secondary level is more than female students of secondary 

and higher secondary level. 

Durga Rani (2007) Identified educational Aspirations and 

Scientific Attitude of urban students of secondary and higher secondary 

levels. Findings revealed that higher secondary students show realistic 

aspirations which are dominant in girls. While students of secondary 

school showed idealistic educational aspirations, higher secondary 

school students possess long range aspirations and secondary school 

students possess short range aspirations. It is also found that scientific 

attitude has a direct influence on educational aspirations. 

Rao (2003) found out that scientific attitude of pupils studying in 

private schools, rural schools, English medium schools and residential 

schools was higher than government, urban and Telungu medium school 

students. Irrespective of their sex, all the pupils hold an average 

scientific attitude. The study also revealed that school facilities and 

teaching and learning environment enhances development of scientific 

attitude in children.  

Moore et al. (1997) revised his scientific attitude inventory 

which was constructed about 25 years ago. He improved readability and 

gender biased language elements. Number of items was reduced to 40 
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which were to 60 in older version. Reliability and validity was also 

established.    

Bourn and Ghiselli (1955) examined two persons, one having 

scientific Attitude and another not having scientific Attitude. After the 

comparison of those two persons, the investigator found out that one 

characteristic of scientific Attitude is flexibility. The person having 

scientific Attitude always tried to improve his beliefs rather to defend it. 

John Dewey (1933) explained some important characteristic of 

scientific attitude as curiosity, fertile imagination 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. Investigators made a 

scientific creativity test to develop scientific creativity skills in students. 

Effectiveness of the test was measured by achievement test and self 

assessment. Indicators used in achievement test included, unusual use, 

technical production, hypothesizing, science imagination, problem 

solving, creative experiment, science product and scientific creativity. 

Sample included 140 students and results showed that the test was 

effective to develop scientific creativity skills. 

Kumar & Chahar (2016) conducted a study on the relationship 

between creativity in science and certain demographic variables of 

secondary school students. The study found out that there is a significant 

relationship between each of the components of creativity in science and 

total creativity in science based on demographic variables like sex, 

locale and socio economics status. 

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

biology teacher’s perception of scientific creativity. Research design 
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selected was cross sectional survey. 205 secondary school biology 

teachers were selected by random sampling method. Data was collected 

using questionnaire and analysed by descriptive statistics. Result of the 

study showed that a high percentage of biology teachers have clear 

perception of general creativity but only a small percentage have  

correct perception of scientific creativity. Study implication pointed out 

that teacher education programme should give emphasis on increasing 

creativity, and curriculum materials and methods should include 

activities to enhance scientific creativity. 

Birgili (2015) made a study on creative and critical thinking 

skills in problem based  learning environment. Researcher analysed,  

philosophy and characteristics  of problem based learning, role of 

teachers and students,  and its advantages and disadvantages. The 

researcher found out that PBL grounded instructional strategy is a useful 

approach to inculcate creativity and creative thinking skills. 

Hu &Wu (2013) developed an intervention programme named 

“Learn to think” (LTT) to increase the thinking abilities of secondary 

and primary students. This article studied the influence and delayed 

effects of LTT on scientific creativity of secondary school students. 

Among 107 students 54 participated in LTT and the rest had not. The 

study lasted for two years. Pre test and delayed post test was conducted. 

Result showed that LTT promotes development of scientific creativity in 

secondary school students and effects of scientific creativity are not 

necessarily immediate but long lasting. 

Munakata & Vaidya (2013) studied the philosophy of creativity 

and its enhancement through an undergraduate research experience. 

They offer some suggestions for infusing maths and science 

undergraduate curriculum with research experiences as a way of 

enhancing creativity in student. Creativity increases a student’s 
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scientific thinking, motivation, passion, adaptability, skills and 

responsibilities. Study findings revealed that the research experiences at 

the undergraduate level instil a deep sense of learning and make 

university experiences pleasurable and long lasting. 

Meyer (2012) conducted a study on teaching for creativity. He 

viewed that science teachers often neglect scientific creativity in science 

classroom. Creativity is put apart for arts and humanities. Some science 

teachers rarely consider this for gifted students. Teaching for creativity 

can help students to improve critical thinking skills, motivation and they 

start to understand the role of creativity in developing new scientific 

knowledge. The study gives implications on how to modify 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 aspects of creativity. 

Sample consisted, 50 boys and 50 girls taken through random selection. 

The investigator administered Torrence test of creative thinking. ‘t’ test, 

and standard deviation show that boys do not differ significantly in all 

the variables of verbal creativity except in the measure of originality 

from the girls. 

Aktamis& Ergin (2008) made a study to test the effectiveness of 

scientific process skill education to promote scientific creativity, 

attitudes towards science and achievement in science. Sample consisted 

of about 40 students of secondary school. Achievement test, Scientific 

Attitude scale and Scientific Creativity test were employed to collect 

data. The result of the study showed that scientific process skill 

education increased student achievement, scientific attitude and 

scientific creativity when compared with teacher centered method. 

Kind (2007) investigated the role of creativity in science 

education. He viewed that creativity is not fully established as a 
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mainstream topic in psychology and education research. He believed 

that each school subject should emphasize creativity within the agenda 

reflecting the characteristics of education. In this study the researcher 

reviewed common approaches of creativity in science education and 

summarises by giving certain suggestions for making science education 

a contributor to develop student’s creativity. 

Sharma & Shukla (2005) developed a scientific creativity scale 

and administered it on urban, rural and refuge students of the middle 

schools in India. The test consisted items related to fluency, flexibility 

and originality which are the components of scientific creativity. The 

results showed that lowest scores came from urban pupils and rural 

pupils scored higher in fluency component than refugees. 

Lin et al.  (2003) analysed the effect of Cognitive Acceleration 

through Science Education (CASE) programme on secondary school 

student’s scientific creativity.  Scientific creativity test was used to 

collect data from students. Findings of the study indicated that CASE 

programme promoted the overall development of scientific creativity but 

effects on different scientific creativity aspects varied. 

Simonton & Kaith (2003) studied creativity as an integration of 

person, product and process perspectives. According to Simonton, 

psychologists investigate scientific creativity from two perspectives; 

correlational studies of a creative person and experimental studies of 

creative process. A third and new perspective is creative products that 

emerged from scientific careers and communities of creative scientists. 

Key findings from both correlational and experimental work strengthens 

study conclusion. Researcher remarked that for a unified view of 

scientific creativity, process and product perspectives should be 

integrated. 
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Sansanwal and Deepika (2003) conducted a study to found out 

the relationship between scientific creativity and intelligence. The study 

inferred that male and female students do not differ significantly in 

scientific creativity. Interaction of sex and standard do not affect 

scientific creativity. The study also found that of students belonging to 

high and low levels of intelligence do not differ significantly, in their 

creativity. 

Hu & Adey (2002) developed a scientific creativity test for 

secondary school students. Construction of the test was based on the 

analysis of various aspects of scientific creativity. Findings of the 

research showed that scientific creativity of secondary school students 

increases with age and scientific ability is a necessary but not sufficient 

condition for scientific creativity. 

Haneeshia (2001) conducted a comparative study for scientific 

creativity of students in DPEP and non DPEP schools in the state of 

Kerala. The study found out that DPEP and non DPEP students differ 

significantly with components like fluency, flexibility, originality and 

total creativity. 

Unsworth (2001) wrote in his article that most researchers 

assume that creativity is a unitary concept, without understanding the 

phenomenon. He argued against this homogeneity of creativity and 

developed a matrix of four creative types, responsive, expected, 

contributory and proactive. He explained processes, predictors and new 

methodologies for the four creative types. 

Asmali (1994) investigated the relationship between achievement 

in science, science interest, scientific attitudes, process outcomes in 

science and scientific creativity of secondary school students. The 

correlation coefficient of achievement in science and scientific 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 results showed that boys and 

girls do not differ significantly in inquisitiveness, an aspect of scientific 

creativity. All the significant relations among the variables seemed to 

vary with respect to intelligence and socio economic status. 

Yawalkar (1985) conducted a study on the development of 

scientific creativity. The main objective of the study was to test the 

efficiency of two creative teaching techniques namely “Oionics” and 

Morphological Correlates Analyses. Personality correlates of scientific 

creativity considered in the study was self reliance, dominance, 

emotional stability and venturesome.  Findings showed that overall 

scientific creativity tend to dominate in Oionics than Morphological 

Correlates Analysis. 

STUDIES RELATED TO METACOGNITION 

Cecilia (2016) explored  influence of metacognition training on 

the academic performance of middle school students. Study was 

conducted through experimental method on a sample of 180 students of 

sixth and eighth grades. Intervention sessions were designed and 

implemented to develop metacognitive skills among students. 

Researcher used pre and post –qualitative and quantitative assessments 

along with quarterly grades. Results showed that metacognition and 

motivation were positively correlated with academic performance. 

Research findings also showed that sixth grade students showed high 

levels of metacognition, self efficacy and engagement than eighth 

graders, with lower levels of anxiety. 

Jaleel and Parameswaran (2016) studied Metacognitive 

Awareness of secondary school students. They administered 

standardised metacognitive Awareness Inventory on 180 secondary 

school students of various schools in Kottayam District. Using survey 



Review of Related Literature     

 

80 

 

method the investigators found out that secondary school students are 

identically distributed according to their locale, gender and level of 

management of the school in Metacognitive Awareness. 

Hidayat (2014) conducted a study to test the effect of 

Metacognitive Awareness and Learning Strategies on student success in 

distance learning class. Metacognitive Awareness Inventory and 

Learning strategy questionnaire were used as tools to collect data. 

Samples considered for the study are 126 under graduate students. 

Findings revealed that Metacognitive Awareness and Learning strategy 

has a significant effect on learner’s academic success.                           

Goh & Hu (2014) investigated the relationship between 

Metacognitive Awareness and Listening Performance. Samples taken 

for the study are 113 students of higher secondary schools, who took 

English as their second language. Metacognitive Awareness 

Questionnaire and Listening Questionnaire were developed as tools for 

the study. Findings revealed that there is significant positive relationship 

between metacognitive awareness and listening skill. Study also showed 

that there is considerable difference in metacognitive awareness among 

different type of learners. 

Sivakumar (2014) conducted a study on metacognitive 

awareness of, secondary teacher education students in relation to their 

attitude towards teaching. 300 student teachers were selected by random 

sampling method. Data was analysed with respect to gender, nativity 

and age of the students. Results indicated that there is significant 

difference between male and female students in Metacognitive 

Awareness and Attitude towards teaching. 

Sony (2014) investigated the effect of Metacognitive Interaction 

for enhancing achievement in economics among secondary school 

students. Sixty tenth standard students of Government school were taken 
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as sample for the study. Tools used are Metacognition Orientation 

Frame work and achievement test developed by the investigator. 

Findings revealed that self-regulative learning enhanced through 

metacognition increased student achievement in economics, and it 

helped them to become independent learners.  

Wong (2012) analyzed self-regulation, use of Metacognitive 

skills and punctuality in learning. Metacognitive awareness, 

Procrastination and Academic performance were found out using 

questionnaires. Study was conducted on 314 students of two universities 

of Hong Kong. Findings showed that high Metacognitive Awareness 

and low Procrastination tendency are two positive elements for 

academic learning. 

Alka (2011) developed a Metacognition Integrated Multimedia 

Science Package for students at secondary level. Secondary student’s 

Metacognitive Awareness and Metacognitive teaching competency of 

teachers were found out. The study showed that metacognition 

integrated multimedia package was useful to secondary school students 

in enhancing achievement, metacognitive ability and social skills.    

Dul (2011) investigated the effect of Metacognitive strategies in 

achievement and retention for developing writing skills. Study sample 

was 77students of English language. Experimental group received 

instruction based on metacognition and control group received 

traditional method of instruction. Both group were given writing 

assessment tests as pre test, post test and retention test. Findings 

revealed that metacognitive strategies contributed much to achievement 

and retention in writing. 

Jayaprabha (2011) found out the effect of Metacognitive   

instruction in science classrooms. Quasi experimental design was used 

for the study. Experimental group received metacognitive instruction for 
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11 weeks. Achievement test was conducted to experimental and control 

group. Finding revealed that experimental group got more marks in 

achievement test than control group. 

Rahman et al. (2010) made a study to test the impact of 

Metacognitive Awareness on student performance. A sample of 90 

students of tenth standard was taken for the study. Metacognitive 

Awareness Inventory and Chemistry achievement test were used as tools 

for the study. Findings showed the existence of correlation between 

metacognitive awareness and academic performance of students. The 

study also showed that male and female students do not differ 

significantly in their metacognitive awareness. 

Zohar & David (2010) undertook a study on the contribution of 

Metacognitive strategies in Scientific Enquiry Learning. The result 

showed that teaching of metacognitive strategies had a stronger effect 

for low achieving students than for high achieving students through 

scientific enquiry learning practices. 

Choube (2009) studied the influence of constructivist  approach 

on problem solving and metacognitive skills of science students at 

secondary  level. Using reflective skills and metacognitive skills 

students define, plan and self monitor their thinking during problem 

solving. Findings showed that constructivist approach enhanced the 

metacognitive skills of students in science through problem solving 

approaches. 

Young and Fry (2008) made a study to use Metacognitive 

Awareness Inventory to measure how much it is related to academic 

achievement of the college students. It was a correlation study between 

end of course grades, cumulative GPA and MAI. They found that there 

was a significant difference between graduate and undergraduate 
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students on the regulation of cognition but not on knowledge of 

cognition. 

Nair, (2014) made a study on the  impact of various learning 

styles and metacognition upon the methods of teaching especially in 

secondary school students. Tools used were a questionnaire related to 

teaching and learning styles. Study took a sample of 5000 students of all 

type of schools. Findings showed that thought promoting learning styles 

and metacognition, influenced students positively. 

Shabaya (2005) conducted a study on the role of service teachers 

in developing metacognitive Awareness strategies in language and arts 

writing .It was a qualitative study to assess development of 

metacognitive awareness strategies among high school. Student samples 

taken are pre service teachers and high school students. Study revealed 

the following results. (1) Student’s self perceptions changes as writers 

(2) Development of metacognitive awareness (3) Development of 

metacognitive awareness is different in different students. (4) Four 

different writing approaches yield effective writing instruction. 

Conclusion 

Since the inception of educational taxonomies, various 

researchers have attempted to gain a better understanding of the 

educational objectives and how it can best contribute to teacher 

preparation. The value of using educational taxonomies in the 

development of science related learning outcomes among secondary 

school students represents a tool for planning, implementing and 

assessing instruction. Educational taxonomy provides educators with a 

common frame of reference that classifies various types of learning 

outcomes. As the studies conducted under Revised Bloom’s Taxonomy 

and Mc Cormack and Yager’s taxonomy are very few the investigator 

could not include much reviews in that area.  The realizations that 
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emerged from thorough analysis of the research reviews set the stage for 

framing the present study of its kind and for developing strategies for 

promoting attainment of science related learning outcomes through the 

adoption of a proper educational taxonomy among secondary school 

students. 
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 Scientific method of collecting data and analysis of that data for 

getting the accurate results determine the quality of research.  Research 

methodology contains systematic procedures through which a researcher 

leads from identification of the problem to the final conclusion. The role 

of methodology is to carry on the research work in a scientific and valid 

manner. This is a carefully planned quantitative research using 

experimental method. 

The present study entitled ‘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, attempts to study influence of three independent variable on 

three dependent variables, Scientific attitude, Scientific Creativity and 

Metacognitive Awareness of secondary school students. The 

methodology followed for the study is described under the 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 within which 

research could be conducted. As the main purpose of the study is to 

compare the effectiveness of an instruction based on SOLO taxonomy, 

Bloom’s Taxonomy and Mc Cormack and Yager’s taxonomy on certain 
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learning outcomes of secondary school students of Kerala , experimental 

method was adopted for the study. 

Experimental method is used in settings where variables defining 

one or more causes can be manipulated in a systematic fashion in order 

to discern effects on other variables. “Experimental method is the 

description and the analysis of what will be or what will occur under 

carefully controlled conditions” (Best, 2009). It establishes a logical 

association between manipulated facts and observed effects. 

For the present study, the researcher used a Quasi Experimental 

Research Design and in it, the Pre-test Post-test Non Equivalent Groups 

Design is chosen. This design is often used in classroom experiments; 

when experimental groups are such naturally arranged groups as intact 

classes. In this design, the investigator has three experimental groups; 

Experimental Group I taught through SOLO Taxonomy, Experimental 

Group II, taught through Revised Bloom’s Taxonomy, and Experimental 

Group III taught through Mc Cormack and Yager’s Taxonomy. After 

giving pre tests to all three groups, experimental treatment is 

administered to three groups and then followed by Post tests. The 

difference between pre test and post tests scores are compared with the 

help of appropriate statistical techniques to ascertain the effect of the 

independent variables. 

Variables of the Study 

The present study is designed to assess the effectiveness of 

instruction based on SOLO taxonomy, Revised Bloom’s taxonomy and 

Mc Cormack and Yager’s taxonomy on three learning outcomes, 

Scientific Attitude, Scientific creativity and Metacognitive Awareness of 

secondary school students. The independent variables and dependent 

variables selected for the study are the following: 
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Independent variables 

Instructional procedure was taken as the independent variable, 

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 collecting data for the 

study. 

1. Raven’s standard progressive matrices for testing the general 

intelligence of secondary school students. 

2. Scientific Attitude Test for testing the scientific attitude of 

Secondary School Students (Meera and Revati,2016) 

3. Scientific Creativity Test for testing the Scientific Creativity of 

Secondary School Students (Weiping Hu & Philip Adey, 2002 ) 

4. Metacognitive Awareness Inventory for testing the Metacognitive 

Awareness of Secondary School Students (Meera and Revati,2016) 

5. Lesson transcripts based on SOLO Taxonomy for teaching science 

lessons of VIII standard (Meera and Revati,2016) 
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6. Lesson transcripts based on Revised Bloom’s Taxonomy for 

teaching science lessons of VIII standard (Meera and Revati,2016) 

7. Lesson transcripts based on Mc Cormack and Yager’s Taxonomy 

for teaching science lessons of VIII standard (Meera and 

Revati,2016) 

Description of Tools 

Selection of appropriate tools is very essential for any type of 

study. The tools used should be reliable and valid and then only the 

study will give accurate measurement of the variables under 

investigation. The details regarding the tools used for the study are given 

below 

Raven’s Standard Progressive Matrices 

Raven’s Standard Progressive Matrices is a widely used non 

verbal intelligence test. It measures a person’s ability to form perceptual 

relations and to reason by analogy, independent language and formal 

schooling, and may be used with persons ranging in age from six years 

to adult. The Standard Progressive Matrices was designed to find out 

two complimentary components of general intelligence, the educative 

ability and reproduction ability. Educative ability is the ability to think 

clearly and make sense of complex data and reproductive ability is the 

ability to store and reproduce information. 

Raven’s Standard Progressive Matrices consists of non verbal 

multiple choice tests of abstract reasoning. It asses a person’s capacity  

to observe meaningless figures, see the relation between them, imagine 

the nature of the figure completing each system of relations, thus 

developing a systematic method of reasoning. This non verbal test 

consists of 60 items arranged in five sets (A, B, C, D and E) of 12 items 

each. The person taking the test has to select the one that most logically 
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fits the missing part from the six or eight options provided. Each set of 

figure is presented with a principle or theme, by which the child can 

obtain the missing piece. Within each set, items are arranged in the order 

of increasing difficulty. Maximum score is 60 and score of a person 

taking the test is the total number of item answered correctly.  The total 

score obtained by a student is considered as the Non Verbal Intelligence 

Score. 

According to Raven, validity estimated varied from .50 to .80 and 

the reliability coefficients of the test varied from .80 to .90. In the 

present study, internal consistency of the test was established by 

calculating Cronbach’s alpha and the obtained alpha (N=100) for the 

total test is .81.  The calculated alpha for the sub tests ABCD and E are 

.87,.85,.83,.82 and .76 respectively. It is a reliable and valid tool, well 

established to measure Non Verbal Intelligence. 

Scientific Attitude Scale 

According to Vaidya (1971) “Scientific attitude is a set of 

emotionally toned ideas about science and scientific methods, and is 

directly or indirectly related to a course of action”.  Scientific attitude 

scale is a tool aimed to assess the range of science correlated attitudes 

among students. Science teaching should aim at developing scientific 

attitude common to scientists than following a particular method. While 

children practice and observe science they feel and develop different 

components of scientific attitude. Students who have positive attitude 

towards science,  show increased attention to classroom instruction and 

participate more in science related activities (Germann, 1988, Jarvis & 

Pell, 2004). Comte (1830) had identified scientific attitude as the highest 

level of intellectual insight. To measure scientific Attitude of secondary 

school students, investigator decided to administer a scientific attitude 
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scale. For that, the investigator prepared a Scientific Attitude Scale .The 

scale was prepared by following Likert method and is a five point scale. 

Preparation of the items 

The first step followed in the tool preparation was the 

identification of the areas which can interpret the scientific attitude of 

secondary school students. A five point Likert type Scale on Scientific 

Attitude was prepared for obtaining data from secondary school 

students. As a preliminary step , the item for the draft attitude scale was 

prepared after a thorough review of relevant literature and also with the 

advice of experts in the field of science and research.. After discussion 

with the experts in the field of science education 70 statements of both 

negative and positive were prepared and it was given to another group of 

experts for criticism and suggestions. As per the suggestions received, 

some of the statements were deleted and others were modified. Thus the 

edited draft consists of 64 items. These 64 items are arranged randomly. 

Sufficient space is provided against statements for entering the response 

in the scale itself. 

The first part consists of general information regarding the 

secondary school students, such as Name of the student, Name of the 

school, Class number and Standard with division. Necessary instructions 

were given to help the respondents in filling the scale. 

The second part of the scale deals with statements to test the 

Scientific Attitude of secondary school students. This part includes 

Scientific Attitude of secondary school students towards various 

dimensions like, Rationality, Curiosity, Open-mindedness, Aversion to 

Superstition, Objectivity of Intellectual belief and Suspended 

judgement. Description of the data collected under these heads is 

detailed below. 
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Rationality  

 Children having Scientific Attitude is critical minded in their 

behaviour. They look for consistency and challenges the validity of 

statements and consults number of authorities before reaching a 

conclusion. A total of 7 statements are incorporated under 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 that a science 

student should posses. Every individual has an urge to know and 

understand the natural world. This urge of a student to study how things 

in the natural world works, why and what factors affect it etc. are 

coming under this. Under this dimension 18 statements were prepared 

out of which, 15 are positive statements and 3 are negative  statements. 

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

scientific facts. 

Open mindedness  

This characteristic of scientific attitude considers several possible 

alternatives when investigating a problem and considers and evaluates 

ideas presented by others. An open minded person can modify and 

discard hypotheses if necessary. There are 9 statements under this head. 

Of these 4 are negative and five are positive 

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

scientists. 
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Aversion to superstition 

An individual having Scientific attitude will always prefer 

experimental evidence and scientific explanation. He rejects superstition 

and accepts science paradigms out of an appreciation for the power of 

reality based knowledge. There are 13 statements under this dimension 

.Among them one is positive and all others are negative statements. 

Example: I believe in superstitions which my parents follow. 

Objectivity of intellectual beliefs 

Displaying intellectual honesty in all works is one of the 

components of Scientific Attitude. A person who is engaged in scientific 

investigation reports all evidences even when it contradicts with the 

hypothesis formulated and acknowledges the work of others. There are 

10 statements under this head, of which 4 are negative and six are 

positive. 

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

sufficient evidence. 

Suspended judgment  

This is another component of scientific attitude which recognizes 

the restricted nature of evidence and concept. A person having this 

nature will never become hurry to form an opinion on a given issue until 

he had investigated in it, because it is very difficult to give up an 

opinion already formed. This strategy makes one to find more facts or 

evidence to support the opinions. Under this component of Scientific 

Attitude, 7 statements were  included in the scale, where 2 among them 

are negative and five among them are positive. 

Example: It is good to go for clarification before approving an idea. 
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  Component wise distribution of the draft scale is presented below.  

Table 1  

Component wise distribution of the Items in the draft scale on Scientific 

Attitude of Secondary school students 

Sl No. Components Item numbers 

1 Rationality 1, 2, 29, 34, 36, 52, 64 

2 Curiosity 

5, 7, 10, 12, 14, 16, 21, 26, 30, 

38, 

41, 48, 49, 56, 59, 60, 61 

3 Open mindedness 13, 24, 37, 43, 45, 47, 54, 55, 58 

4 Aversion to Superstition 3,8,9,15,17,22,27,28,31,33,42,44 

5 
Objectivity of Intellectual 

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

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

Try out of the Tool 

The draft scale of scientific Attitude was  tried out on a sample of 

150 secondary school students. The investigator contacted the Principals 

of two Secondary Schools for getting permission to collect data. After 

obtaining permission from the Principals, the Scientific Attitude Scale 

was administered to Secondary School Students. 

Each of the statement in the Scientific Attitude Scale expresses a 

feeling which a particular people have towards science. Students have to 

express the extent of agreement between the feeling expressed in each 

statement and their own feeling on a five point scale. They have to put a 

tick mark (� ) against columns of each statement and your own feeling. 

A time of one hour was allotted for completing the test .The five points 

are strongly agree, agree, undecided, disagree, and strongly agree.  The 

sheets were scored using the scoring scheme. For each positive item, a 
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score of ‘5’ was given to the response ‘Strongly Agree’, a score of ‘4’ 

was given to the response ‘Agree’, a score of ‘3’ was given to the 

response of ‘Undecided’, a score of ‘2’ was given to the response 

‘Disagree’ and a score of ‘1’ was given to the response ‘Strongly 

Disagree’. Reverse scoring procedure was adopted for negative items. 

The scores of individual items were summed to give total scores for the 

try out session. 

Item Analysis 

For the finalisation of the Scientific Attitude Scale, item analysis 

was done. The procedure suggested by Edwards (1957) was followed. 

The scored response sheets were arranged in the descending order on the 

basis of scores obtained. Then the subjects having the top 27% and low 

27% scores were taken as high and low group respectively. Items were 

selected by finding out the ‘t’ value of each statement. 

Then the numerical values of  mean responses to each item were 

calculated the critical ratio ‘t’ using the formula (Edwards, 1957, p.153). 

t =  
� � �����

�∑	
�  —
 �   �   � �   �∑	
�—
��  ��                 
�	�—��

 

Where, 

������ = Mean score for the given students of higher group 

����� = Mean score for the given students of lower group 

�� = Score of an individual for a given statement in higher group 

�� = Score of an individual for a given statement in lower group 

N  = Number of students in criterion group 
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Table 2 

The ‘t’ value of the data obtained from Item Analysis 

*indicates items selected for the final scale. 

Item No t value Item 
selected 

Item No t value Item 
selected 

 3 3.261* Accepted  35 1.656 Rejected 
 4 1.398 Rejected  36 4.655* Accepted 
5 4.382* Accepted  37 3.307* Accepted 
 6 .446 Rejected  38 2.74* 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 3.396* 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    
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 There were 64 statements in the draft scale on Scientific 

Attitude. According to Edwards (1957) statements with ‘t’ value equal 

to or greater than 1.96 at 0.05 level can be selected. So the investigator 

selected 41 statements in the final scale and rejected 23 statements. Thus 

the final scale on Scientific Attitude consisted of 41 statements. Positive 

statements include 1, 5, 10, 12, 14, 16, 25, 26, 30, 37, 38, 46, 47, 48, 49, 

50, 51, 52, 55, 56, 58, 59, 60,  61, 63 and negative statements include 3, 

7, 9,  13,  15, 20, 21, 22, 23, 24, 31,  33, 36, 40, 41, 44. The final copy of 

Malayalam and English versions of the Scientific Attitude scale was 

attached in the Appendix II A and II B. 

Reliability 

Reliability refers to the extent to which the responses or 

behaviour made by individuals are consistent across items, settings, 

raters or time. In the present study, the reliability was found using test 

retest method. For this purpose the Scientific Attitude was administered 

twice with a time interval of 15 days to a sample of 100 children. The 

reliability coefficient for Scientific Attitude was found to be 0.78. 

Validity   

For establishing content validity, the investigator, defined the 

construct, then identified the domains of the construct, and  developed a 

pool of items. The content validity shows the adequacy of the content of 

the test. This form of validity is estimated by evaluating the relevance of 

the test item individually and as a whole. The items in the scales are 

based on the review of related literature and the tools already available, 

also the logical examination of statements . The items of this tool are 

based on the Scientific Attitude under 6 major components. After 

careful examination of the items, some statements were modified, and 

are subjected to expert item analysis. Their suggestions have been taken 

into account to enhance the content and quality of items. In view of the 
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changes made in the language, content coverage and format of the items, 

it can be said that, the scale used for the study has content validity. 

Face validity is the term used to characterise test materials that 

appear to measure what the test desires to measure and appears to those 

it is meant, to experts, examiners, educationists and the like ie, the test 

items should be related to the variable that is being measured. It is clear 

that, all the items in the respective tool measure the specific variable 

under study ie, Scientific Attitude. The investigator established construct 

validity by correlating the scores obtained by 100 students in Scientific 

Attitude Scale prepared by the investigator with another standardised 

Scientific Attitude scale having the same test content. Then the 

coefficient of correlation between two scores was found out to be 0.79 

which indicated that the scientific attitude scale made by the investigator 

has construct validity.  

Scientific Creativity Test 

Scientific Creativity is an intellectual trait or ability for producing 

a product or an idea which is original and has personal or social value, 

designed with a purpose in mind, using given information. In the present 

study for measuring the Scientific Creativity of secondary school 

students,  the investigator adopted Scientific Creativity Test developed 

by Weiping Hu and Philip Adey (2002). There are many Tests available 

for testing Scientific Creativity, but majority of the tests demand 

awareness about  a vast area of scientific knowledge, so they cannot be 

used for testing among secondary school students whose knowledge is 

limited. Scientific creativity Test by Weiping Hu and Philip Adey was 

proved to be one of the best tests available for testing Scientific 

Creativity of all secondary school students at different age in different 

cultures. 
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Description of the test 

The test is meant for group administration. There are seven items 

to which students have to give their responses. Time allotted for the test 

is one hour. At the first part of the test there is instruction for the pupil 

on how to approach the seven tasks. The investigator gives necessary 

directions to students that there are seven different tasks based on 

science to which each student has to explore their creativity for solving 

those tasks. Pupils were asked to write their Name, School, and Class on 

the answer sheets before beginning the test. For items 1 to 4 one 

example is given for helping the students for understanding what type of 

answer is expected from them. Seven items and descriptions are given 

below. 

Item 1 

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 fluency, flexibility and 

originality and thinking components of Scientific Creativity.  

Item 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 

as you can. 

For example, are there any living things on the planet? 

This task tests the degree of imagination a science student should 

have for making advancements in science. It measures sensitivity 

towards science problems. Scores were given to flexibility, 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 they can be seen in 

dark. 

This task is to measure a student’s ability to improve a technical 

product. Investigator used bicycle here because of its familiarity with 

secondary school students. This item also scored for fluency, flexibility 

and originality. 

Item 4 

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 imagination, This also 

measures fluency, flexibility and originality. 

Item 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 solving ability of a 

student. It measures flexibility, originality, thinking 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 and the 

instruments, principles and procedures. 

Creative experimental ability is measured by this task. Pupil 

becomes engaged in creative scientific activity. It scores flexibility, 

originality and thinking. 

Item 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 design a creative science 

product. Scores were given to flexibility, originality, thinking and 

imagination. 
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Scoring Procedure 

According to Weiping and Adey (2002) scoring procedure of 

items 1 to 4 is the sum of the fluency, flexibility and originality score. 

Flexibility is the approaches or areas used in the answer, fluency is the 

separate responses given, and originality is the frequency of the 

responses. If the probability of the response is smaller than 5%; 2 points, 

if between 5 to 10 % 1 point, and if it is greater than 10% ,0 point. For 

task 5 the investigator tabulates all the answers and tests its originality 

value. If the probability is less than 5% it gets 3 points, if it is from 5 to 

10;2 points, and if it is more than 10% 1 point. Item six scores both 

flexibility and originality. Flexibility scores maximum 9 points; 3 points 

each for instruments, principle and procedure. For scoring originality; if 

the occurrence of the method is less than 5%;4 points ,if it is between 5 

to 10% it gets 2 points and if the probability is greater than 10 % ;0 

point. For scoring task seven, each machine function gets 3 points, and 

for originality, a score of 1 to 5 based on the overall impression of the 

script. 

Validity and reliability of the Tool  

The test manual provides evidence of the validity by conducting 

tests for two aspects of validity, construct validity and face validity. 

According to Guiford (1956), first step of validating Creativity test 

should be finding out factorial validity, a form of construct validity. 

Factorial validity is determined by factor analysis of test scores. The 

results showed that the test has good construct related validity 

considering one factor Scientific Creativity. For determining face 

validity, tool was given to experts and researchers in the field of 

education .The results showed a high degree of face validity. 

According to the test manual, reliability of the test was 

investigated by two methods.  Pearson’s Product Moment correlation 

was calculated between each item and between each item and total 

score. Calculations showed that, correlations between items vary from 
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moderate .345 to high, 729. Correlations between items and total score 

vary from .654 to .829, which is high, and these coefficients are 

significant at 0.01 level. Another method to test reliability is to calculate 

Cronbach Alpha Coefficient of internal consistency. The alpha value got 

from scores of 160 secondary school students is .893 which is very 

satisfactory for a test with only seven items.  

The investigator established the reliability of the test for the 

present study by using test retest method and obtained a reliability 

coefficient 0.731. The test has been revalidated against B. Mehdi’s 

Verbal Test of Scientific Creative thinking, prepared by Dr. U.P. 

Sharma and Dr. J. P. Shukla (2005) as an external criterion on a sample 

of 50 students of VIII standard. There are seven different tasks in the 

test which have to be answered in 60 minutes. One model of answers  

was provided after each  question  to clarify the mode of responses 

expected from the students and are asked to raise their hands for clearing 

doubts. Students should write their class, name, and sex in the answer 

sheets. The obtained correlation coefficient was 0.47. Since the test has 

proved to possess sufficient validity and reliability, it is suitable for 

assessing Scientific Creativity of Secondary school students. Scientific 

Creativity Test in English and Malayalam versions are presented as 

appendix III A and III B 

Metacognitive Awareness Inventory 

For measuring the metacognitive awareness of secondary school 

students, a metacognitive awareness inventory was constructed and 

standardised by the investigator. Metacognition is a word denoting 

awareness of one’s own thoughts.  It enables a 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. Metacognitive practices 
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enhance student abilities to apply their learning in new contexts (Brown 

1987). Metacognition helps students to recognize their strength and 

weakness in every field of their life.  This knowledge will help them to 

expand the extent of their ability.  According to Bransford (2000) “those 

who know, strength and weakness in their areas will be more likely to 

actively monitor their learning strategies and resources and assess their 

readiness for particular tasks and performances”. 

Components of Metacognition  

Metacognition is classified into three components, metacognitive 

knowledge or metacognitive awareness, metacognitive regulation and 

metacognitive experiences. Description of each component and example 

of items included under each component are given below. 

Metacognitive knowledge or metacognitive awareness 

Metacognitive knowledge is what individuals know about 

themselves and others as cognitive processors.  It is divided in to 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. Metacognitive awareness is of three types. 

Declarative knowledge  

It is also known as world knowledge or factual knowledge. It is 

the knowledge about the factors which can influence one’s own learning 

or performance. This category includes knowledge about one’s skills, 

intellectual resources and abilities as a learner. Pupil acquires 

knowledge through presentations, demonstrations and discussions. 

Under this component, there are 9 statements.  
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Example: I 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 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. This head includes 7 statements in the inventory. 

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

methods 

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. There are 8 statements in the scale under this sub 

component. 

Example: I learn best when I have familiarity with the topic 

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, 1994).  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 
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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. There are 9 statements 

under this sub component. 

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

start my learning 

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. 14 

statements are included under this category of subcomponent. 

Example: I know which information should get more importance 

during the learning process. 

Comprehension Monitoring 

It is self evaluation or assessment of one’s own learning or use of 

a particular strategy. 7 statements are included in the inventory under 

this subcomponent. 

Example: I periodically review important topics for better 

understanding. 

Debugging Strategies 

This is the diagnosis and remediation of one’s own strategy use.  

This is used to correct comprehension and performance errors. 7 items 

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

are difficult to memorise 

Evaluation:   

This is the evaluation of performance and strategy used, after a 

learning episode. 8 items are included in the inventory under this sub 

component. 

Example: I always try to find out the reason behind my failures, so that I 

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  
Metacognition 

Sub Components Item Numbers 

 
Metacognitive 
Knowledge 

Procedural 
Knowledge 

2,4,9,18,19,20,25,31,40 

Declarative 
Knowledge 

3.16.46.48.54.55.60 

Conditional 
Knowledge 

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

 
 
Metacognitive                 
Regulation 

Planning 5,8,10,12,22,42,57,61,67 
Information 
Management  
Strategies 

1,13,14,15,29,30,33,35,37,                                        
52,56,62,63,68 

Comprehension 
Monitoring 

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

Debugging 
Strategies 

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

Try out of the Tool 

The draft inventory of Metacognitive Awareness was tried out on 

a sample of 150 secondary school students. The investigator contacted 

the Principals of two Secondary Schools for getting permission to 

collect data. After obtaining permission from the Principals, 
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Metacognitive Awareness Inventory was administered to Secondary 

School Students. 

Each statement in the inventory  expresses  student’s awareness 

about their  learning process. Students have to express the extent of 

agreement between the feeling expressed in the inventory  and their  

own feeling by putting a tick mark on a five point scale. The five points 

are, always, very often , sometimes, rarely and never. 60 minutes was 

allotted to  students for completing  the test. The sheets were scored 

using the scoring scheme 5 for always, 4 for very often , 3 for 

sometimes, 2 for rarely, 1 for never. Reverse scoring procedure was 

adopted for negative items. The scores of individual items were summed 

up to give total scores for the try out session. 

Finalisation of the Tool 

For the finalisation of the Metacognitive Awareness Inventory, 

item analysis was done. The procedure suggested by Edwards (1957) 

was followed. The scored response sheets were arranged in the 

descending order on the basis of scores obtained. Then the subjects 

having the top 27% and low 27% scores were taken as high and low 

group respectively. Items were selected by finding out the‘t’ value of 

each statement. 

Then the numerical values of  mean responses to each item were 

calculated the critical ratio ‘t’ using the formula (Edwards, 1957, p.153). 

t =  
� � �����

�∑	
�  —
 �   �   � �   �∑	
�—
��  ��                 
�	�—��

 

Where, 
 ������ = Mean score for the given students of higher group ����� = Mean score for the given students of lower group �� = Score of an individual for a given statement in higher group �� = Score of an individual for a given statement in lower 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 Accepted  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  47 *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 *4.963 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 *4.293 Accepted 
 27 *3.519 Accepted  62 *3.507 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. 
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There were 69 statements in the draft scale on Metacognitive 

Awareness. According to Edwards (1957) statements with‘t’ value equal 

to or greater than 1.96 at 0.05 level can be selected. So the investigator 

selected 66 statements in the final scale and rejected 3 statements. Thus 

the final inventory on Metacognitive Awareness consisted of 66 

statements. All the statements were positive. The final copy of the 

Malayalam and English versions of Metacognitive Awareness Inventory 

was attached in the Appendix V A and V B respectively. 

Reliability 

Reliability refers to the extent to which the responses or 

behaviour made by individuals are consistent across items, settings, 

raters or time. In the present study, the reliability was found using test- 

retest method. For this purpose, the Metacognitive Awareness Inventory 

was administered twice with a time interval of 15 days to a sample of 

100 children. The reliability coefficient for metacognitive awareness 

was found to be 0.76. 

Validity 

For establishing content validity, the investigator, defined the 

construct, then identified the domains of the construct, and  developed a 

pool of items. The content validity shows the adequacy of the content of 

the test. This form of validity is estimated by evaluating the relevance of 

the test item individually and as a whole. The items in the inventory 

were based on the review of related literature and the tools already 

available, also the logical examination of statements . The items of this 

tool were based on the Metacognitive Awareness under two major 

components, and eight sub components..After careful examination of the 

items, some statements were modified, and are subjected to expert item 

analysis. Their suggestions have been taken into account to enhance the 

content and quality of items. In view of the changes made in the 
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language, content coverage and format of the items, it can be said that, 

the inventory used for the study has content validity. 

Face validity  is the term used to characterise test materials that 

appear to measure what the test desires to measure and appears to those 

it is meant, to experts, examiners educationists and the like ie, the test 

items should be related to the variable that is being measured. It is clear 

that, all the items in the respective tool measure the specific variable 

under study ie, Metacognitive Awareness. The investigator established 

construct validity by correlating the scores obtained by 100 students in 

Metacognitive Awareness Inventory prepared by the investigator with 

another standardised Metacognitive Awareness Inventory having the 

same test content. Then the coefficient of correlation between two 

scores were found out to be 0.77 which indicated that the Metacognitive 

Awareness Inventory made by the investigator has construct validity.  

Lesson transcripts based on SOLO Taxonomy 

Lesson transcripts based on SOLO Taxonomy was prepared by 

the investigator in consultation with the subject experts from various 

Universities of Kerala, DIET and SCERT. The topics were selected 

from the VIII Standard Science Text book following Kerala Syllabus. 

The units selected for preparing the lesson transcripts were, ‘Let’s 

regain our fields’ and ‘Why classification’. 

From the unit ‘Let’s Regain Our Fields’ seventeen lesson 

transcripts were prepared based on the topics-Food safety and Crises in 

Agriculture, Crises in Agricultural Sector, Fertile soil the basis of food 

security, Microbes that provide fertilizers, Pest control, Integrated pest 

management, Waste management and sustainable agriculture, Livestock 

management, poultry farming and sericulture, Pisciculture, floriculture 

and apiculture, Cuniculture, mushroom culture and horticulture, 

Medicinal plant cultivation ,Polyhouse farming and precision farming, 
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Cultivation without soil, Native varieties for tomorrow, Supporting 

organisations ,Possibilities to overcome crises in agriculture. 

From the unit ‘Why classification’, seven lesson plans were 

prepared based on the topics – Criteria for classifying organisms, 

Taxonomy and taxonomic keys, Contributions of scientists in the history 

of taxonomy, Taxonomic hierarchy, Binomial Nomenclature, Five 

Kingdom classification, Modern trends in taxonomy. 

Thus overall twenty four lesson transcripts based on three units 

were prepared based on the five levels of SOLO Taxonomy. The format 

of the lesson transcripts based on SOLO Taxonomy is given below. 

1. General Information 

2. Content overview 

3. Content Analysis 

4. Learning outcome levels of SOLO Taxonomy 

5. Learning strategies 

6. Pre requisites 

7. Learning Materials 

8. Class room procedures 

9. Follow up activities. 

1. General Information 

General information includes, Name of the teacher, Name of the 

school, Standard, Subject, Unit, Name of the lesson etc. 

2. Content overview 

Content overview explains the topics and subtopics in the lesson.  

3. Content Analysis 

Content Analysis covers terms, facts and concepts in the lesson. 
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4. Learning outcome levels of SOLO Taxonomy 

Pre structural   

In this level students understanding, or existing knowledge is 

limited or nonexistent, or the task is approached from a different angle. 

Students before beginning to learn a particular concept may not have an 

idea of the concept. Sometimes they have a vague or wrong idea of the 

learning material. When teacher introduces the lesson, tests pre 

requisites needed to learn the lesson .Thus during the introduction 

teacher makes students aware about the idea they have, about the 

concept and parts of knowledge they should acquire to make the concept 

clear. This strategy helps them to become internally motivated to learn 

the particular lesson themselves. 

Uni-structural 

 In this level students might know one key piece of knowledge 

but they are unable to connect it to anything else in this level. This is 

also a beginning stage of learning where a student knows single fact 

related to the concept. He is not aware or clear about other facts of the 

concept. 

Multi-structural 

At this level, students can show an understanding of several piece 

of knowledge, but they don’t know how to connect them together. They 

gain knowledge associated to the concept by several activities but don’t 

know how to organise these related concepts. During this stage the bits 

of knowledge commonly considered as facts of a concept are collected 

by the students.  

Relational 

 At this level, student’s understanding of the several elements is 

strong and they can make connections between them. Students attain 

more understanding of the concept. They become aware of the 
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relationship between several pieces of knowledge and become able to 

connect those elements in a logical sequence. At this stage they can 

skilfully explain the concept.   

Extended Abstract 

 Now students can apply their learning in new contexts and can 

visualize it as part of a greater whole. At this stage after dedicated hard 

work students master abstract concepts and relationships to formulate 

more generalised principles and to apply these understanding to new 

situations. This level is considered as the highest level of learning. 

An example showing how to plan a lesson based on SOLO 

taxonomy is given below. Topic selected is ‘Food safety and crises in 

Agriculture’. 

The investigator introduces the lesson by sensitizing the 

condition of agriculture near their home. Through teacher pupil 

interactive sessions teacher stresses the need to cherish agriculture and 

moves to the topic Food safety and Agriculture. At the pre structural 

level students are unaware of  food security and solutions to solve food 

scarcity related problems. At uni structural level teacher shows some 

pictures related to severity of food scarcity. At multi structural level 

teacher shows a paper cutting describing food security bill passed by 

Loksabha. At relational level students forms a definition for food 

security and at extended abstract level children suggests certain ways for 

ensuring food security in our country. 

As mentioned above students passes from known to unknown 

through the different stages of SOLO Taxonomy in developing 

knowledge about the relationship between area of cultivation, 

production of rice and population growth in different years. For that, the 

investigator displays a chart showing relationship between area available 

for cultivation, production of rice and population rate in Kerala in 

different years. From that chart, students develops knowledge which is 
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at uni structural level; from that students moves from uni structural to 

multi structural by making inferences from the chart. In the relational 

stage children discusses the ill effects of food scarcity in groups and 

reports it in the class. At the extended abstract level students suggests 

some ways to regain fields. 

5. Learning Strategies  

  This section explains various strategies used in the lesson 

6. Pre requisites 

Pre requisites means the previous knowledge of the pupil based 

on a particular topic 

7. Learning Materials 

This section explains the learning materials used for the 

particular lesson, which includes charts, pictures and paper cuttings. 

8. Class room transaction 

This includes a two column table, in which the first column 

contains the process or activity and the second column contains response 

or evaluation. 

9. Follow up activity 

Follow up activity includes the projects and assignments given to 

the pupils after the successful completion of the particular topic. 

The classes based on SOLO Taxonomy were in such way as to 

enhance Scientific attitude, Scientific creativity and Metacognitive 

Awareness among children. Through various activities and class room 

interactions students passes from pre structural to the extended abstract 

level of SOLO taxonomy. The learning is self-directed and the 

investigator provides only necessary guidance to students. This ensures 
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the development of Scientific Attitude, Scientific Creativity and 

Metacognitive awareness among the students. 

Validation 

The sample lesson transcripts based on SOLO Taxonomy was 

prepared by the investigator and was given to experts in SCERT, DIET 

and experienced teachers at secondary school.  The draft lesson plans 

were modified by the investigator based on the feedback and comments 

received from the experts. First five lesson transcripts were given for 

tryout by the investigator to a class of VIII th standard from NSS Boys 

High School Perunna. Then the lesson transcripts were modified and 

restructured based on the actual feedback the investigator experienced. 

Thus twenty four lesson transcripts were prepared based on the SOLO 

Taxonomy. Sample lesson transcripts are given as appendices VII A and    

VII B. 

Lesson Transcripts Based on Revised Bloom’s taxonomy 

For teaching Experimental Group II also, twenty four lesson 

transcripts on the same topics as it is in the SOLO taxonomy were 

prepared based on Revised Bloom’s Taxonomy. Lesson transcripts were 

prepared by the investigator in consultation with the subject experts 

from various schools, DIET and SCERT. The format of the lesson 

transcripts based on Revised Bloom’s Taxonomy is given below. 

1. General Information 

General information include, Name of the teacher, Name of the 

school, Standard, Subject, Unit, Name of the lesson etc. 

2. Content overview 

Content overview explains the topics and subtopics in the lesson.  
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3. Content Analysis 

Content Analysis covers terms, facts and concepts in the lesson. 

4. Learning Domains/Objectives 

Remembering 

Remembering is recalling and recognizing knowledge or 

previously learned material from memory. It happens when memory is 

used to produce or recollect definitions, facts, or lists, or to recite 

previously learned information. 

Understanding 

Understanding or comprehension is creating meaning from 

different types of written or graphic messages. It also includes 

constructing meaning from, activities like interpreting, exemplifying, 

classifying, summarizing, inferring, comparing or explaining. It is the 

ability of students to grasp or construct meaning from material. 

Applying 

Applying is the capability of a student to utilize learned material 

in new and concrete situations. It occurs through executing and 

implementing learned knowledge through products like models, 

presentations, interviews or simulations. Develop, operate, interpret, 

demonstrate, illustrate, practice, exhibit, dramatise are some verbs 

related to this objective. 

Analysing 

It is the ability of breaking down the parts of a material into its 

components, for understanding its organizational structure. Through this 

process pupil keenly observes how different parts of a concept related to 

one another, how they are interrelated, and how  they join to form an 

overall structure. Analysis includes mental functions like differentiating, 
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organizing, attributing, categorizing, investigating, experimenting, 

scrutinizing etc. Process of analysis can illustrated through creation of 

spread sheets, surveys, charts, diagrams, and graphic representations. 

Evaluating 

Evaluating is making of judgements through checking or 

critiquing based on certain criteria and standards for a given purpose. To 

demonstrate the process of evaluation some products like, critiques, 

recommendations, and reports can be used. It is the precursor of 

creating, the next objective of Revised Bloom’s taxonomy, because one 

need to evaluate thoroughly before creating something. Judge, assess, 

compare, evaluate, validate, measure etc are some of the actions in 

evaluating. 

Creating 

Creating is the higher objective of Revised Bloom’s Taxonomy. 

Creating means, putting elements together to form a functional whole, 

reorganizing elements to a new pattern through generating, planning, or 

producing. Creating requires students to join different parts in a new 

way and synthesizing a new form or product. Creating is considered as 

the most difficult function of the revised taxonomy. 

Execution of lesson plan 

Investigator gives an introduction to the topic ‘Crises in the 

agricultural sector’ by showing pictures of agricultural lands with 

various varieties of crops which are ready for harvest. Then shows, 

pictures of barren agricultural lands. Investigator directs students to note 

down the differences between those pictures and discuss present 

situation of agriculture in Kerala. 
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In the next step after recollecting past and present situation of 

agriculture in Kerala, the investigator shows a chart displaying different 

factors affecting agriculture. Investigator explains each factor in detail 

with the involvement of students. Lastly she directs the  students to 

express their ideas to solve the problems. Here students moves from 

remembering to understanding and then leads to applying levels of 

instructional objectives of Revised Bloom’s Taxonomy. 

Investigator explains what is meant by essential elements and 

examples of essential elements necessary for plant growth .After that 

she shows a leguminous root to identify the presence of microorganisms 

in it and its effects on soil fertility. Here students understand effects of 

essential elements on plant growth and analyses parts of leguminous 

root. 

For teaching pH of the soil, researcher explains what is meant by 

pH value and its significance in plant growth. Researcher shows some 

pH papers and colours representing pH values. Students understand 

what is meant by pH value and by analysis and synthesis they reaches to 

a conclusion on the method of testing pH. 

5. Previous knowledge 

Pupil need to possess certain previous knowledge before learning 

this topic like present state of agricultural land, soil fertility, factors 

causing soil fertility etc. 

6. Teaching aids 

This section explains learning materials used for teaching this 

lesson, which includes chart, leguminous root and pH papers. 
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7. Body of the lesson 

For preparing a lesson plan based on Revised Bloom’s 

Taxonomy investigator prepared a four column lesson plan consisting 

content column, objectives/specification column, learning experience 

column and evaluation column. At the end of the lesson plan, review 

questions and assignments were given. 

Validation 

The sample lesson transcripts based on Revised Bloom’s 

Taxonomy was prepared by the investigator and was given to experts in 

SCERT, DIET and experienced teachers at secondary school. Draft 

lesson plans were modified by the investigator based on the feedback 

and comments received from the experts. First five lesson transcripts 

were given for tryout by the investigator to a class VIII students of NSS 

Boys high School, Perunna. Then the lesson transcripts were modified 

and restructured based on the actual feedback the investigator 

experienced. Thus twenty four lesson transcripts were prepared based on 

the Revised Bloom’s Taxonomy. Sample lesson transcripts are given as 

appendices IX A and IX B. 

Lesson Transcripts based on Mc Cormack and Yager’s Taxonomy 

For teaching Experimental Group III also, twenty four lesson 

transcripts on the same topics as it is in the Revised Bloom’s taxonomy 

were prepared based on Mc Cormack and Yager’s Taxonomy. Lesson 

transcripts were prepared by the investigator in consultation with the 

subject experts from various schools, DIET and SCERT. The format of 

the lesson transcripts based on Mc Cormack and Yager’s Taxonomy is 

given below. 
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1. General Information 

General information include, Name of the teacher, Name of the 

school, Standard, Subject, Unit, Name of the lesson etc. 

2. Content overview 

Content overview explains the topics and subtopics in the lesson.  

3. Content Analysis 

Content Analysis covers terms, facts and concepts in the lesson. 

4. Learning Domains/Objectives 

There are mainly five domains in this taxonomy generally known 

as Taxonomy of Science Education. The learning domains are 

Knowledge Domain, Process Domain,, Application Domain, Attitudinal 

Domain and Creativity Domain, 

Knowledge Domain 

In this domain students acquire knowledge and understanding 

about terms, facts and concepts. At the beginning of the lesson teacher 

gives an appropriate introduction to the lesson through stories, poems, 

simple activities etc. In this session teacher establishes connection 

between what they already know, and what they are going to learn in the 

class by testing previous knowledge. Children recalls and recognises 

terms, facts and concepts themselves and with the help 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. Science can only be learned 

through doing science. Investigator plans and designs various activities; 

both in individual as well as in groups; through which children gets 

training in scientific method and process skills. Students develop 

observation, classification, communication, prediction, inference, 
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interpretation, experimentation etc. through scientifically planned 

activities in the class. 

Application Domain 

Pupil applies acquired knowledge and skills in new and 

unfamiliar situations. Through the objectives listed in this domain pupil 

develops competencies such as identifying applications of scientific 

concepts in everyday life, applying the learned scientific concepts and 

skills in solving day to day problems etc. This level of objective is 

considered to be one of the higher level of objective. Students reach to 

this higher objective only after having the required understanding of the 

topic. 

Attitudinal Domain 

Pupil develops scientific attitudes and values by learning science 

topics. After proper learning, understanding and application of scientific 

knowledge it becomes a part of their character. Science teacher 

formulates certain activities in the class and gives assignments and 

follow up activities after the completion of each lesson for the 

development of Scientific attitude and values in them. While preparing 

the lesson transcripts teacher plans strategies to develop, positive 

attitude towards science, school, teachers and towards oneself, 

respecting other’s feelings and opinions, expression of one’s own 

feelings in a constructive way etc. 

An example for a lesson plan based on   Mc Cormack and 

Yager’s Taxonomy is given below.  

Execution of lesson plan  

The topic selected for teaching based on Mc Cormack and 

Yager’s Taxonomy is Live stock management, Poultry farming and 
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Sericulture. The investigator introduces the lesson by giving a simple 

activity. Students were asked to write the names of various varieties of 

animals reared in houses for economical purposes. Students have to 

write animal’s  names and how they are useful to humans. Students 

write their observations in the note book. The investigator and students 

discusses various animals reared in houses and their economical uses. 

In the second step teacher shows a power point presentation 

about live stock management and plays a video showing an interview 

with the farmer. Power point presentation shows pictures of various 

varieties of cows, goats and buffaloes and method of rearing them 

scientifically for getting economically useful products. In the video a 

farmer describes how to look after cattle for a better production and 

what economical benefit he is getting from it. After showing this video, 

investigator directs children to note different varieties of cows, goats 

and buffaloes. Investigator consolidates the activity by discussing the 

inferences made by the students. 

In the next step the investigator displays a chart showing labelled 

pictures of chicken, duck and quill varieties and supplies an activity card 

explaining the importance of each variety shown in the chart. 

Investigator gives instructions to children to observe each variety and 

compare with its economical importance. Investigator consolidates the 

activity by asking children to read their observations .  

In the next topic of the lesson, the investigator displays a model 

showing the life cycle of silk worm and asks students to draw a flow 

chart, showing different stages of its life cycle. Students after 

completing the flow chart, watches a video showing different stages of 

natural silk production. Investigator directs students to note each stage 

in their science diary. Finally investigator consolidates the activity by 

giving names of different varieties of silk worm used for natural silk 

production. 
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In the last step teacher asks children to collect news about 

artificial milk and egg production and to make an album showing 

picture of various varieties mentioned above and its products. 

5. Learning Strategies 

Learning strategies used in this lesson includes observation, 

analysis, discussions etc. 

6. Pre requisites  

It is the previous knowledge of pupil about the topic. Here they 

know about certain varieties of animals and birds grown for economy, 

life cycle of silk worm etc. 

7. Learning Materials 

Learning materials used are, power point presentations, videos, 

charts, models and activity cards. 

8. Classroom Transaction 

Classroom transaction is shown in a two column format; where 

first column shows classroom activities and second column shows 

evaluation or response part of the activities. 

9. Follow up activity  

Follow up activity includes all the assignments and projects given 

to students after completion of the lesson. Here the investigator gives 

assignments which can awaken a student’s application, attitude and 

creativity domain. 

Since Mc Cormack and Yager’s Taxonomy is a taxonomy for 

science education; investigator designed the lesson plan in such a way to 

fulfil the objectives of the taxonomy. Classroom interactions and 

activities are learner centred and classroom environment was also 
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friendly and helpful for the free expression of the child. special care was 

taken to develop basic concepts related to each topic and acquisition of 

higher objectives as well. Investigator provided all the necessary 

guidance, help and clarified all doubts. Review questions after the lesson 

assessed attainment of objectives. 

Validation 

The sample lesson transcripts based on Mc Cormack and Yager’s 

Taxonomy was prepared by the investigator and was given to experts in 

SCERT, DIET and Experienced teachers at secondary school.  The draft 

lesson plans were modified by the investigator based on the feedback 

and comments received from the experts. First five lesson transcripts 

were given for tryout by the investigator to class VIII students of  NSS 

Boys High School Perunna. Then the lesson transcripts were modified 

and restructured based on the actual feedback the investigator 

experienced. Thus twenty four lesson transcripts were prepared based on 

the Mc Cormack and Yager’s Taxonomy. Sample lesson transcripts are 

given as appendices XI A, XI B. 

Sample Selected for the study 

Random sampling method was adopted for sample selection. 

Population for the present study consists of students studying in 

Standard VIII in the secondary schools of Kerala. 

Sample is a part of the population which represents the 

characteristics of population and suits with the researcher’s purpose. The 

investigator decided to adopt random sampling keeping in view of the 

experimental nature of the study. The sample of the study consisted of 

VIII standard students from three schools of Kottayam District of 

Kerala. The schools selected include three Govt. Aided Schools, .NSS 

Boy’s High School, Perunna, NSS Girl’s High School, Perunna, and 
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NSS Higher Secondary School, Kidangoor. Since the presented study is 

a comparative study, there was no control group and all the three groups 

were considered as experimental group. Investigator selected two 

divisions of VIII standard students from each school. After removing the 

absentees in pre test and post test the total number of students included 

in the study was 210; a group of 70 students each for three  experimental 

groups. 

Table 4. 5 

Breakup of the sample for the study 

No Name of the school 

Boys/Girls/ 

Co 

education 

Type of 

School 

No of students 

in Experimental 

group 

1 NSS Boy’s High 

School , Perunna 
Boys Aided 70 

2 NSS Girl’s High 

School ,Perunna 
Girls Aided 70 

3 NSS HSS Kidangoor Co-

education 
Aided 70 

 Total   210 

 

Experimental Study 

         The experiment was conducted to study the effectiveness of an 

instruction based on SOLO Taxonomy, Revised Bloom’s Taxonomy 

and Mc Cormack and Yager’s Taxonomy on certain learning outcomes 

at secondary level students. The design selected for the study was Pre 

test post test non equivalent group design. Since it is a comparative 

study, three of the groups taught through three types of taxonomies were 
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considered as experimental groups. Procedure adopted in the experiment 

is given below. 

• Administration of Pre tests for the three experimental groups 

• Teaching the  Experimental Group I based on SOLO 

Taxonomy and Experimental Group II based on Revised 

Bloom’s Taxonomy and Experimental Group III based on Mc 

Cormack and Yager’s Taxonomy 

• Administration of the Post test for the three experimental 

groups 

Administration of the Pre test  

Before starting the experiment, investigator conducted pre tests 

for the three experimental groups. Scientific Attitude Scale, Scientific 

Creativity Test and Metacognitive Awareness Inventory were used as 

pre tests among secondary school students. Pre tests were conducted by 

the investigator herself for the three groups. The scores obtained from 

the students of the three experimental groups has been collected and 

subjected to statistical analysis. 

Treatment for the groups 

The students were taught based on three different taxonomies; 

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

Yager’s Taxonomy. Three different methods of teaching was adopted by 

the investigator to three experimental groups. Based on the different 

objectives of the three taxonomies, investigator prepared three different 

types of lesson transcripts and taught accordingly. 

Post test  

After completing the teaching of the experimental group based on 

the SOLO Taxonomy, Revised Bloom’s Taxonomy and Mc Cormack 
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and Yager’s Taxonomy  the same scale on Scientific Attitude, Scientific 

Creativity Test and Metacognitive Awareness Inventory was 

administered to all the three groups. The scores obtained by the students 

were used for statistical analysis. 

Data collection Procedure 

Experimental study was conducted to study the effectiveness of 

an  instruction based on SOLO Taxonomy, Bloom’s Taxonomy and Mc 

Cormack and Yager’s Taxonomy on certain learning outcomes such as, 

Scientific Attitude, Scientific Creativity and Metacognitive Awareness 

on secondary school students. The investigator developed and 

standardised necessary tools for the collection of data. Since it was very 

difficult to get three equivalent groups in the experimental design, the 

investigator selected two intact class rooms from each school for the 

experimentation and collection of data. The number of students in a 

class is around 50 so the investigator selected two classes for the study 

for getting a total of 70 students for the experimental study from each 

school. The three schools ; NSS Boy’s High School, Perunna, NSS 

Girl’s High School, Perunna, and NSS Higher Secondary School, 

Kidangoor were situated at the semi urban areas of Kottayam District. 

After finalising the sample and the tools to be used, the investigator 

visited the selected schools and contacted the heads of the institution 

and the respective subject teachers to get permission for experimentation 

and collection of data. 

Before starting the treatment, the investigator compared the 

previous achievement in Biology of the three experimental groups. The 

researcher met the students to establish a rapport with them and 

explained the purpose of the study briefly. At first, Raven’s Progressive 

Matrices test was  administered to compare the general mental ability of 

the students. After that, the investigator administered pre tests for 
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Scientific Attitude, Scientific Creativity and Metacognitive awareness. 

The rules and procedures for each type of the test was strictly followed. 

The response sheets were collected back after the allotted time from the 

experimental groups and was scored and subjected to statistical analysis. 

Three experimental groups were taught using three different 

Taxonomies with different objectives. The investigator prepared 24 

lesson transcripts for each taxonomies and taught considering the aim of 

each taxonomies. For that, she adopted different strategies in her 

teaching. Same content is used to teach in three different ways. 

After completing the teaching, the three experimental groups; 

Scientific Attitude scale, Scientific Creativity Test and Metacognitive 

Awareness Inventory were again administered as post tests to all the 

groups. The scores obtained from the three experimental groups were 

used for statistical analysis. 

Scoring and Consolidation of data 

Response sheets were scored based on the scoring procedure of 

each tool . Scores were consolidated to facilitate computer analysis of 

the data using SPSS Software version 22. 

Statistical techniques used 

Computer facilities using the software programme SPSS was 

made use of for the statistical analysis of the data collected. 

The researcher used the following statistical techniques to 

analyse the data and to draw the conclusions.  

• Independent Sample ‘t’ test is used for testing the significant 

difference between two means. In the present study, the 

investigator compared the pre test mean score and the post test 

mean score of each experimental group. 
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• Paired Sample ‘t’ test is used for the comparing  mean scores of 

pre test and post test in the Experimental group I ( taught through 

SOLO Taxonomy ), Experimental group II (taught using Revised 

Bloom’s Taxonomy), and Experimental Group III (taught using 

Mc Cormack and Yager’s Taxonomy) . 

• Gain score comparison - The difference between post test and pre 

test score is termed as the gain score. Gain score comparison is 

used for comparing the gained performance of secondary school 

students in the Scientific Attitude, Scientific Creativity and 

Metacognitive Awareness. 

• One way ANOVA is used for comparing the variance of pre test 

in the three Experimental Groups. It is an effective way to 

determine whether the means of more than two samples are 

different to attribute to the sampling error. 

• Scheffe’s Test of Multiple Comparison- It is a conservative 

method of testing the significance of one or more comparisons of 

mean values arising in analysis of variance. 

• Analysis of covariance (ANCOVA) – Single factor analysis of 

covariance with one co-variate is used in the present study. It was 

employed to remove statistically the effects of extraneous 

variable and to provide an unbiased comparison .In the present 

study, ANCOVA (Uni-variate Analysis) is used for the testing of 

effectiveness of each independent variable on the dependent 

variable. Pre test scores of each group is taken as a covariate with 

the help of SPSS version 22. 
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• Analysis of Data for Equating the Groups 

• Comparison of Scientific Attitude  

• Comparison of Scientific Creativity 

• Comparison of Metacognitive Awareness  
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“Analysis is a process which enters into research in one form or 

another, from the very beginning, it may be fair to say that research 

consists; in general of two larger steps, the gathering of data and the 

analysis of these data; but no amount of analysis can validly extracted 

from the data factors which are not present” (Good, Barr & Scats, 1996). 

This chapter displays the statistical analysis of the data and the 

interpretation of the results. After the data has been collected, it is 

processed using Microsoft Excel-2013 Software. 

The data may be adequate, valid, and reliable to any extent; it 

does not serve any worthwhile purpose unless it is carefully edited, 

systematically classified and tabulated, scientifically analyzed, 

intelligently interpreted and rationally concluded. The present attempt is 

intended to study the effectiveness 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. 

The data collected for the study were analyzed using relevant 

statistical techniques. The analysis and interpretation of 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 select equated groups. 

The equality of the two groups selected for the study was ensured before 

the experiment, with regard to the control variables; Previous 

achievement in science and Intelligence score of the students. 
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The data collected were subjected to Test of Significance of 

Difference among the students from three experimental groups, using 

one way ANOVA. The detailed description of analysis is presented 

under the following heads. 

Comparison among Experimental Group I (SOLO Taxonomy), 

Experimental Group II (Revised Bloom’s Taxonomy) and 

Experimental Group III (Mc Cormack and Yager’s Taxonomy) 

with regard to Previous Achievement in Science 

The investigator collected the scores of students of the three 

experimental groups for previous achievement in science. The obtained 

data were analyzed by computing Analysis of Variance and subjected to 

‘F’ test. The details of the analysis are summarized in the tables below. 

Table 1 

Data and results of one way ANOVA for testing the significant 

difference among the three experimental groups for previous 

achievement in science 

 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
146.410 2 73.205 

2.213 p>0.05 
Within 

Groups 
6846.371 207 33.074 

Total 6992.781 209    

 The above table shows that the obtained ‘F’ value, 2.21(p>0.05) 

is not significant at 0.05 level. This shows that the three groups do not 

differ significantly in their previous achievement in science. Therefore, 

it can be inferred that all the groups selected for the experiment are more 

or less equal in their previous achievement in science. 
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Comparison among Experimental Group I (SOLO Taxonomy), 

Experimental Group II (Revised Bloom’s Taxonomy) and 

Experimental Group III (Mc Cormack and Yager’s Taxonomy) 

with regard to Intelligence Test Scores 

Raven’s Standard Progressive Matrices was administered to 

students in the experimental groups before conducting the experiment, 

to get an idea about their level of intelligence. The data thus obtained 

were analysed by computing Analysis of Variance and subjected to ‘F’ 

test. Details of the analysis are summarized in the table below. 

Table 2 

Data and results of One Way ANOVA for testing the significant 

difference among the three experimental groups for General Intelligence 

 

 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
87.971 2 43.986 

1.17 

 
p>0.05 

Within 

Groups 
7747.843 207 37.429 

Total 7835.814 209    

It is evident from the table that the obtained ‘F’ value 1.17 is not 

significant at 0.05 levels. This shows that the three groups do not differ 

significantly with regard to their intelligence. Therefore it can be 

inferred that all the groups selected for the experiment are more or less 

equal in their intelligence, and do not differ significantly in their 

intelligence. 
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Comparison of Scientific Attitude of Secondary School Students in 

the Experimental Group I (SOLO Taxonomy), Experimental Group 

II (Revised Bloom’s Taxonomy) and Experimental Group III ( Mc  

Cormack and Yager’s Taxonomy) 

After equating the group, the investigator administered pre test in 

Scientific Attitude, Scientific Creativity, and Metacognitive Awareness 

among the three experimental groups. Then administered intervention 

strategy in each experimental group like, Experimental Group I (SOLO 

Taxonomy), Experimental Group II (Revised Bloom’s Taxonomy) and 

Experimental Group III (Mc Cormack and Yager’s Taxonomy). After 

the intervention investigator administered same test as post test in the 

three groups. Then tabulated the scores in the pre test and post test and 

condensed it in to the descriptive statistics of pre test and post test for 

analyzing preliminary features of the data. Following tables show the 

descriptive statistics of the pre test and post test scores of each group 

with regard to the learning outcome, Scientific Attitude. 

Descriptive statistics of pre test scores of Scientific Attitude of the 

Secondary school students in the Experimental Group I (SOLO 

Taxonomy), Experimental Group II (Revised Bloom’s Taxonomy) 

and Experimental Group III (Mc  Cormack and Yager’s 

Taxonomy) 

a) Before the experiment 

 Before starting the experiment, Scientific Attitude test was 

administered by the investigator as pre test to all the groups. Each group 

consisting a total number of 70 students. The pre test scores obtained by 

the students in the three groups were condensed into Arithmetic Mean, 

Median, Mode, Standard Deviation, and Skewness. This was to get a 

general picture of the performance of students in the three Experimental 

groups before the experiment.  
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Table 3 

Descriptive statistics of Scientific Attitude among secondary school 

students before the experiment 

Statistics   
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 Attitude, the 

obtained mean score of SOLO Taxonomy is 158.66, Revised Bloom’s 

Taxonomy group is 152.96, and that of Mc Cormack and Yager’s 

Taxonomy group is 155.79. All these values indicate that, the average 

Scientific Attitude of the students in each group is more or less the 

same. 

 The median scores are 157, 156, and 156 for, SOLO Taxonomy, 

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

group students respectively, which indicate the middle score of the 

Scientific Attitude in the group. The median value represent that 50% of 

the students are above and below the value. The mode value obtained 

for SOLO Taxonomy, Revised Bloom’s Taxonomy and Mc Cormack 

and Yager’s Taxonomy group are 141, 156, and 161 respectively. These 

are the most repeating scores in the Scientific Attitude test. The standard 

deviation of the SOLO Taxonomy group is 19.476, Revised Bloom’s 

Taxonomy group is 19.52 and Mc Cormack and Yager’s Taxonomy 
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group is 20.54. These values show the variations of scores in each group 

before the intervention.  

 The Skewness obtained for Revised Bloom’s, Mc Cormack, and 

Yager’s Taxonomy are negative, and for SOLO Taxonomy, it is 

positive. Kurtosis value of all the group are negative that means the 

distribution is platykurtic. Graphical representation of Measures of 

central tendency is shown below. 

 

 

Figure 1: Graphical Representation of Measures of Central Tendency of 

Pre test Scores of the secondary school students in the three 

experimental groups 

b) After the Experiment 

 The same Scientific Attitude test was administered by the 

investigator as post test to all the groups. Each group consisting a total 

number of 70 students. The post test scores obtained by the students in 

three groups were condensed into Arithmetic Mean, Median, Mode, 

Standard Deviation, and Skewness. This was done to get a general 

picture of the distribution. 
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Table 4 

Descriptive statistics of Scientific Attitude among secondary school 

students after the experiment 

Statistics 
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 Attitude, the 

obtained mean score of SOLO Taxonomy group is 181.03, Revised 

Bloom’s Taxonomy group is 167.47, and Mc Cormack and Yager’s 

Taxonomy  group is 195.67. All these values indicated that the students 

from each group have different levels of Scientific Attitude after the 

experiment. 

 The Median scores obtained are 179, 171.50 and 200 for SOLO 

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

Taxonomy group students respectively, which indicated the middle 

score of the Scientific Attitude in each group. The median value 

represents that 50% of the students lies above and below the value.  

 The mode value obtained for SOLO Taxonomy, Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy group are 

210,173 and 200 respectively. Mode value signifies most repeating 

scores in the attitude test. The Standard Deviation of the SOLO 

Taxonomy Group is 20.15, Revised Bloom’s Taxonomy group is 17.62, 
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and Mc Cormack and Yager’s Taxonomy group is 17.59. These values 

show that there is variation of scores in each group after the 

intervention. 

 The Skewness obtained for Revised Bloom’s and Mc Cormack 

and Yager’s Taxonomy were negative but for SOLO Taxonomy, it is 

positive. And the Kurtosis value of all the groups is positive. It means 

that the distribution is leptokurtic. Graphical representation of Measures 

of central tendency is shown below. 

 

Figure 2: Graphical Representation showing Measures of Central 

Tendency of Post test Scores of Secondary School Students in the three 

Experimental Groups 

Comparison of Scientific Attitude 

Effectiveness of Instructions based on, SOLO Taxonomy, Revised 

Bloom’s Taxonomy, and Mc Cormack and Yager’s Taxonomy on 

Scientific Attitude of Secondary School Students 

One of the purposes of this study is to compare the effectiveness 

of instruction based on the SOLO, Revised Bloom's and Mc Cormack 

and Yager’s Taxonomy on Scientific Attitude of secondary school 

students. For this, the investigator developed following hypothesis, and 
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tested these hypotheses using ‘t’ test ‘F’ test, such as ANOVA and 

ANCOVA followed by adjusted post test. 

1. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Attitude of 

Secondary School students. 

2. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II and 

Experimental group III for Scientific Attitude of secondary 

school students. 

3. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

I. 

4. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

II. 

5. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

III. 

6. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group II. 

7. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group III. 

8. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group II and 

Experimental Group III. 
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Comparison of pre test scores of Scientific Attitude among 

Experimental group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s Taxonomy), and Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) 

 For this, the investigator compared all the pre test scores of each 

experimental groups using One Way analysis of Variance. The data and 

results of the test of significance were given in the table below. 

Table 5 

Data and result of pre test scores of Scientific Attitude in each 

Experimental Group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

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 significant at 0.05 

level of significance (p>0.05). This shows that there is no significant 

differences in the pre test mean scores among the students in each 

experimental group. Therefore all the three experimental groups do not 

differ significantly in their Scientific Attitude. So it is inferred that, 

before the intervention, three groups were more or less same in 

Scientific Attitude.  
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Comparison of post test scores of Scientific Attitude among 

Experimental group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s Taxonomy), Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) 

 For this, the investigator compared all the post test scores in the 

each experimental groups using One Way Analysis of Variance. The 

data and results of the test of significance were given in the table below. 

Table 6 

Data and result of post test scores of Scientific Attitude in the each 

experimental group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
27847.152 2 13923.576 

40.69 P<0.01 
Within 

Groups 
70822.829 207 342.139 

Total 98669.981 209    

 

The obtained ‘F’ value is 40.69 which is significant at 0.01 level 

of significance (p<0.01). This shows that there is significant difference 

in the post test means scores of the Scientific Attitude in each 

experimental group. Therefore the all the three experiment groups differ 

significantly in their Scientific Attitude after the intervention. So it is 

inferred that after the intervention three groups differ in Scientific 

Attitude. In order to find out the initial difference 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 scientific attitude among the 

three groups 

Group N Subset for alpha = 0.05 

1 2 3 

Revised Bloom’s 

Taxonomy 

70 167.47   

SOLO taxonomy 70  181.03  

Mc Cormack and 

Yager’s Taxonomy 

70   195.67 

 

The above table shows that the obtained mean scores of Mc 

Cormack and Yager’s Taxonomy is 195.67, SOLO taxonomy 181.03 

and Revised Bloom’s Taxonomy 167.47. So it is clear that Mc Cormack 

and Yager’s Taxonomy significantly differ from SOLO and Revised 

Bloom’s Taxonomy for Scientific Attitude. It can be represented below 

through the mean plot. 

 

Figure 3:  Mean plot showing the difference in Scientific Attitude of 

students in the experimental groups receiving instruction based on three 

taxonomies 
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Comparison between the mean Pre test and Post test scores of 

Scientific Attitude of Experimental Group I  

The difference between the pre test and post test mean scores of 

the Experimental group I (SOLO Taxonomy) was tested for significance 

by finding the Critical Ratio using Paired Sample ‘t’ test. The data and 

results for the test of significance were given in the table below. 

Table 8 

Data and result of Pre test and Post test scores of Scientific Attitude in 

Experimental Group I 

Tests  Mean N 
Std. 

Deviation 
R t Sig 

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 significant at 0.01 

level of significance. That means there exist a significant difference 

between pre test and post test mean scores in SOLO Taxonomy group. 

Since the mean of post test, 181.03 is greater than that of the pre test 

mean 158.66; it is inferred that instruction based on the SOLO 

Taxonomy is effective in developing the Scientific Attitude.  

 



 

Figure 4: Graphical Representation showing Pre test and Post test 

Mean scores of Scientific 

Comparison between the mean Pre 

Scientific Attitude of Experimental Group II

The difference between the 

the Experimental group II 

significance by finding the Critical Ratio using paired 

The data and results 

below. 

Table 9  

Data and result of Pre test

Experimental Group II

Tests  Mean

Pre test 152.96

Post test 167.47
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Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Attitude in Experimental Group I 

between the mean Pre test and Post test scores of

of Experimental Group II  

The difference between the pre test and post test mean scores of 

Experimental group II (Revised Bloom’s Taxonomy) were tested for 

significance by finding the Critical Ratio using paired sample

The data and results of the test of significance were given in the table 

Pre test and Post test scores of Scientific Attitude

Experimental Group II 

Mean N 
Std. 

Deviation 
r ‘t’ 

152.96 70 19.526 
.80 10.45 

167.47 70 17.626 

Pretest Posttest
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Graphical Representation showing Pre test and Post test 

test and Post test scores of 

t test mean scores of 

were tested for 

sample ‘t’ test. 

given in the table 

Scientific Attitude in 

Sig 

 P<0.01 



 

The obtained t value is 10.

level of significance

between pre test and post test mean scores in the 

Taxonomy group. Since the mean of post test 167

of pre test mean 152.96, it is inferred that instruction based on the 

Revised Bloom’s Taxonom

Attitude.  

Figure 5: Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Attitude in Experimental Group 

Comparison between the mean Pre 

Scientific Attitude of Experimental G

The difference between the 

the Experimental group I

tested for significance by finding the 

‘t’ test. The data and results of the test of significance were give

table below. 
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The obtained t value is 10.45, which is highly significant

of significance. That means there exists a significant difference 

test and post test mean scores in the Revised

Taxonomy group. Since the mean of post test 167.47 is greater than that 

test mean 152.96, it is inferred that instruction based on the 

Bloom’s Taxonomy is effective in developing 

Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Attitude in Experimental Group II 

between the mean Pre test and Post test 

of Experimental Group III.  

The difference between the pre test and post test mean scores of 

Experimental group III (Mc Cormack and Yager’s Taxonomy) 

tested for significance by finding the Critical Ratio, using Paired 

test. The data and results of the test of significance were give

Pretest Posttest

Analysis and Interpretation of Data   
 

45, which is highly significant at 0.01 

nificant difference 

Revised Bloom’s 

.47 is greater than that 

test mean 152.96, it is inferred that instruction based on the 

y is effective in developing Scientific 

 

Graphical Representation showing Pre test and Post test 

 scores of 

and post test mean scores of 

and Yager’s Taxonomy) were 

Paired Sample 

test. The data and results of the test of significance were given in the 



 

Table 10 

Data and result of Pre test

the Experimental Group

Tests  Mean

Pre test 155.79

Post test 195.67

 

The obtained‘t’

level of significance  which 

between pre test and post 

Yager’s Taxonomy  

than that of the pre test mean 155.79, it is inferred that instruction based 

on the SOLO Taxonomy is effective 

 

Figure 6 :  Graphical Representation showing Pre test and Post test 

Mean scores of Scientific 
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Pre test and Post test scores of Scientific Attitude

the Experimental Group III 

Mean N 
Std. 

Deviation 
r t 

155.79 70 20.549 
.542 18.09 

195.67 70 17.591 

obtained‘t’ value is 18.09, which is highly significant at 0.01

level of significance  which  means, there exists a significant difference 

between pre test and post test mean scores in the Mc Cormack

 group. Since the mean of post test 195.67 

test mean 155.79, it is inferred that instruction based 

Taxonomy is effective in developing Scientific Attitude

Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Attitude in Experimental Group III 

Pretest Posttest
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 p<0.01 

ch is highly significant at 0.01 

nificant difference 

Cormack and 

test 195.67 is greater 

test mean 155.79, it is inferred that instruction based 

Scientific Attitude.  
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Comparison between the Mean Gain Scores of Scientific Attitude 

between Experimental group I and Experimental Group II   

The difference between the Mean Gain Scores of the 

Experimental group I (SOLO Taxonomy) and Experimental Group II 

(Revised Bloom’s Taxonomy) were tested for significance by finding 

the critical ratio, using Independent Sample ‘t’ test. The data and results 

of the test of significance are given in the table below. 

Table 11 

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

Attitude of Experimental group I (SOLO) and Experimental Group II 

(Revised Bloom’s) 

Tests Mean N 
Std. 

Deviation 
t Sig 

Revised Bloom’s 

Taxonomy 

Based 

Instruction 

14.51 70 11.61 

2.34 P<0.05 

SOLO 

Taxonomy based 

Instruction 

22.81 70 27.27 

 

The obtained‘t’ value is 2.34, which is highly significant at 0.05 

level of significance. It means that, there exists a significant difference 

between mean gain scores of Revised Bloom’s Taxonomy group and 

SOLO Taxonomy group. Since the mean gain of SOLO Taxonomy 

group 22.81, is greater than that of the mean gain of Revised Bloom’s 

14.51; it is inferred that students from SOLO Taxonomy group have 

high gain in their Scientific Attitude. 

 



 

Figure 7: Graphical Representation showing Pre test and Post test Gain 

scores of Scientific Attitude among Experimental group I (SOLO) and 

Experimental Group II (Revised Bloom’s)
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Table 12 

Data and result of 
Attitude among Experimental group II and Experimental Group III

Tests Mean
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14.51
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Graphical Representation showing Pre test and Post test Gain 

scores of Scientific Attitude among Experimental group I (SOLO) and 

Experimental Group II (Revised Bloom’s) 

between the Mean Gain Scores of Scientific Attitude

among Experimental group II and Experimental Group III

The difference between the mean gain scores of the 

Experimental group II (Revised Bloom’s Taxonomy) and Experimental 

Mc Cormack and Yager’s Taxonomy) were tested for 

by finding the Critical Ratio, using Independent 

test. The data and results of the test of significance were given in the 

Data and result of Pre test and Post test Gain scores of 
Experimental group II and Experimental Group III

Mean N 
Std. 

Deviation 
t 

14.51 70 11.61 

9.74 

39.88 70 18.44 

Revised Bloom’s Taxonomy 

Based Instruction

SOLO Taxonomy based 

Instruction
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obtained‘t’ value is 9.74, which is highly significant at 0.0

level of significance. It means that, there exists a significant 

gain scores among the Revised Bloom’s and 

and Yager’s Taxonomy group. Since the mean gain of 

and Yager’s Taxonomy group, 39.88 is greater than that of the 

Revised Bloom’s 14.51, it is inferred that students from 

and Yager’s Taxonomy group have high gain in 

score. 

Graphical Representation showing Pre test and Post test Gain 

scores of Scientific Attitude among Experimental Group II and 

Group III 

between the Mean Gain Scores of Scientific Attitude

Experimental group I and Experimental Group III 

The difference between the mean gain scores of the Experimental 

Taxonomy) and Experimental Group III (Mc Cormack

and Yager’s Taxonomy) were tested for significance by finding the 

Revised Revised Bloom’s Mc Cormack and Yager’s
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Critical Ratio, using independent sample ‘t’ test. The data and results of 

the test of significance were given in the table below. 

Table 13 

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

Attitude among Experimental group I and Experimental Group III 

Tests Mean N 
Std. 

Deviation 
t Sig 

SOLO Taxonomy 

Group 
22.81 70 27.27 

4.33 P<0.01 Mc Cormack and 

Yager’s Taxonomy 

Group 

39.88 70 18.44 

 

 The obtained‘t’ value is 4.33, which is highly significant at 0.01 

level of significance. It means that there exists a significant difference 

between mean gain scores in the SOLO and Mc Cormack and Yager’s 

Taxonomy group. Since the mean gain of Mc Cormack and Yager’s 

Taxonomy group 39.88, is greater than that of the mean gain of SOLO 

22.81, it is inferred that students from Mc Cormack and Yager’s 

Taxonomy group have high gain in their Scientific Attitude score. 

Comparison of Effectiveness of Instructions based on Revised 

Bloom’s Taxonomy SOLO Taxonomy, and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude of secondary school 

students 

In this section investigator compared the post test score of 

Scientific Attitude among secondary school students in the three groups 

using Univariate Analysis. Here the investigator took pre test as co 

variate. Following tables show the results. 
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Table 14 

Data and Results of the Univariate analysis, for testing the Effectiveness 

of Instructions based on Bloom’s Taxonomy, SOLO Taxonomy, and Mc 

Cormack and Yager’s Taxonomy on Scientific Attitude of secondary 

school students 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Pre test  

Scientific 

Attitude 

14040.43 1 14040.432 50.937 P<0.01 

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 error is 46.723 which 

is highly significant at 0.01 level of significance (p<0.01). It means that 

the instructions based on Revised Bloom’s Taxonomy, SOLO 

Taxonomy, and Mc Cormack and Yager’s Taxonomy were effective for 

developing Scientific Attitude among secondary school students. 

The adjusted means of post test scores (x, y means) of students in 

each experimental groups were calculated. The difference between the 

adjusted y means was tested for significance. The data for adjusted 

means of post test scores of students in experimental groups were given 

in the following table. 

 



Analysis and Interpretation of Data   
 

150 

 

Table 15 

Data for adjusted means of post test scores for Scientific Attitude among 

secondary school students who received instructions based on Revised 

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

Taxonomy 

Groups  N Mx My MXY  t 

Revised Bloom’s 

Taxonomy(A) 

70 152.96 167.47 168.65 A-B 3.96* 

SOLO 

Taxonomy(B) 

70 158.66 181.03 179.84 B-C 5.63* 

Mc Cormack 

and Yager’s(C) 

70 155.79 195.67 195.68 A-C 9.61* 

Total 210 155.80 181.39    

*significant at 0.01 level 

 

Above table shows, the adjusted post test mean scores in each 

group for the instructions based on Revised Bloom’s Taxonomy, SOLO 

Taxonomy, and Mc Cormack and Yager’s Taxonomy on Scientific 

Attitude of secondary school students. The adjusted mean score of Mc 

Cormack and Yager’s is 195.68, which is greater than the adjusted mean 

score of SOLO Taxonomy 179.84 and Revised Bloom’s Taxonomy 

168.65. In order to find out the significant mean differences among the 

each taxonomy, investigator used pair wise comparison. Following table 

shows the pair wise comparison. 
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Figure 9:  Graphical Representation showing Pre test and Post test 

adjusted means of Scientific Attitude of Experimental Group I, 

Experimental Group II and Experimental Group III 

 

Table 16 
Data and result of the significant mean differences among the Revised 
Bloom’s Taxonomy, SOLO Taxonomy, and Mc Cormack and Yager’s 
Taxonomy using Pair wise Comparisons 
 

(I) group (J) group 
Mean 

Difference 
(I-J) 

Std. 
Error 

Sig. 

Revised 

Bloom’s 

Taxonomy 

SOLO Taxonomy -11.193* 2.826 P<0.01 

Mc Cormack and Yager’s 

Taxonomy 

-27.027* 2.811 
P<0.01 

SOLO 

Taxonomy 

Revised Bloom’s 

Taxonomy 

11.193* 2.826 
P<0.01 

Mc Cormack and Yager’s 

Taxonomy 

-15.834* 2.811 
P<0.01 

Mc Cormack 

and Yager’s 

Taxonomy 

Revised Bloom’s 

Taxonomy 

27.027* 2.811 
P<0.01 

SOLO Taxonomy 15.834* 2.811 P<0.01 
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Above table shows, that the obtained mean difference is 

significant between Revised Bloom’s with SOLO Taxonomy is 11.193 

and Revised Bloom’s with Mc Cormack and Yager’s Taxonomy is 

27.027. Both differences are highly significant. In the case of SOLO 

with Mc Cormack and Yager’s Taxonomy, also the mean difference 

(15.83) is highly significant. Among the mean differences Mc Cormack 

and Yager’s Taxonomy have high difference compared to SOLO and 

Revised Bloom’s. So it can be concluded that Mc Cormack and Yager’s 

Taxonomy is highly effective to develop Scientific Attitude among 

secondary school students and then comes SOLO Taxonomy for 

developing Scientific Attitude. From the present study, it was found that 

Revised Bloom’s Taxonomy comes below the other two taxonomies in 

developing Scientific Attitude among secondary school students. It can 

be represented below through estimated marginal mean plot.  

 

Figure 10:  Graphical Representation showing Estimated Marginal 

Mean Plot of Scientific Attitude among Experimental Group I, 

Experimental Group II and Experimental Group III 
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Comparison of Scientific Creativity 

Comparison of Scientific Creativity of Secondary School Students in 

the Experimental Group I (SOLO Taxonomy), Experimental Group 

II (Revised Bloom’s Taxonomy) and Experimental Group III ( Mc  

Cormack and Yager’s Taxonomy) 

After equating the group, the investigator administered pre test in 

Scientific Attitude, Scientific Creativity, and Metacognitive Awareness 

among the three experimental groups. Then administered intervention 

strategy in each experimental group like Experimental Group I (SOLO 

Taxonomy), Experimental Group II (Revised Bloom’s Taxonomy) and 

Experimental Group III (Mc Cormack and Yager’s Taxonomy).After the 

intervention investigator administered same test as post test in all the 

three the groups. Then tabulated the scores in the pre test and post test 

and condensed it in to the descriptive statistics of pre test and post test 

for analyzing the preliminary features of the data. Following tables 

shows the descriptive statistics of the pre test and post test scores of the 

each group with regard to the learning outcome Scientific Creativity. 

Descriptive statistics of pre test scores of Scientific Creativity among 

Secondary school students in the Experimental Group I (SOLO 

Taxonomy) Experimental Group II (Revised Bloom’s Taxonomy) 

and Experimental Group III (Mc Cormack and Yager’s Taxonomy) 

a) Before the experiment 

 Before starting the experiment, Scientific Creativity test was 

administered by the investigator as pre test to all the groups. Each group 

consisting a total number of 70 students. The pre test scores obtained by 

the students in three groups were condensed into arithmetic mean, 

median, mode, standard deviation, and skewness. This was to get a 

general picture of the performance of students in the three groups before 

the experiment.  
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Table 17 

Descriptive statistics of Scientific Creativity among secondary school 

students before the experiment 

Statistics   
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 Revised 

Bloom’s Taxonomy group is 19.17, SOLO taxonomy group is 18.56, 

and that of Mc Cormack and Yager’s Taxonomy group is 20.89. All 

these values indicated that, the average Scientific Creativity of the 

students in each group is more or less the same. 

 The median scores are 18, 20 and 21 for SOLO Taxonomy, 

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

group students respectively, which indicated the middle score of the 

Scientific Creativity in the group. The median value represent that 50% 

of the students are above and below the value.  .  

 The mode value obtained for Revised Bloom’s Taxonomy, 

SOLO Taxonomy and Mc Cormack and Yager’s Taxonomy group are 

18, 20, and 28 respectively. These are the most repeating scores in the 

Scientific Creativity test. The standard deviation of the SOLO 



 

Taxonomy group is 6.26, Revised

Mc Cormack and Yager

the variations of scores in each group before the intervention. 

The skewness obtained for the Revised Bloom’s, 

and Yager’s Taxonomy and SOLO Taxonomy are negative. And the 

kurtosis value of all the group are negative that means the distribution 

platykurtic. Graphical representation of Measures of 

shown below. The values of the measures central tenden

approaching to normality.

Figure 11:  Graphical Representation of Measures of Central Tendency 

of Pre test Scores of Scientific Creativity of the secondary school 

students among the three experimental groups

b) After the Experiment

 The same Scientific Creativity Test was administered by the 

investigator as post test to all the groups. Each group consisting a total 

number of 70 students. The 
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6.26, Revised Bloom’s Taxonomy group is 6.76

and Yager’s Taxonomy group is 7.41. These values show 

the variations of scores in each group before the intervention. 

The skewness obtained for the Revised Bloom’s, Mc Cormack

ager’s Taxonomy and SOLO Taxonomy are negative. And the 

kurtosis value of all the group are negative that means the distribution 

platykurtic. Graphical representation of Measures of central tendency is 

The values of the measures central tenden

approaching to normality. 

 

Graphical Representation of Measures of Central Tendency 

of Pre test Scores of Scientific Creativity of the secondary school 

students among the three experimental groups 

After the Experiment 

The same Scientific Creativity Test was administered by the 

test to all the groups. Each group consisting a total 

number of 70 students. The post test scores obtained by the students in 

SOLO  Taxonomy Revised Bloom's   

Taxonomy

Mc Cormack and Yager 

Taxonomy 

Mean Median Mode
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Bloom’s Taxonomy group is 6.76 and 

. These values show 

the variations of scores in each group before the intervention.  

Mc Cormack 

ager’s Taxonomy and SOLO Taxonomy are negative. And the 

kurtosis value of all the group are negative that means the distribution 

central tendency is 

The values of the measures central tendency is 

 

Graphical Representation of Measures of Central Tendency 

of Pre test Scores of Scientific Creativity of the secondary school 

The same Scientific Creativity Test was administered by the 

test to all the groups. Each group consisting a total 

scores obtained by the students in 

Mc Cormack and Yager 
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three groups were condensed into Arithmetic Mean, Median, Mode, 

Standard Deviation, and Skewness. This was done to get a general 

picture of the distribution. 

Table 18 

Descriptive statistics of Scientific Creativity among secondary school 

students after the experiment 

Statistics 
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 for SOLO 

Taxonomy group is 27.71, Bloom’s Taxonomy group is 28.61 and Mc 

Cormack and Yager’s Taxonomy group is 35.37. All these values 

indicated that the students from each group have different levels of 

Scientific Creativity after the experiment. 

 The Median scores are 27.50, 28.50 and 36.50 for SOLO 

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

Taxonomy group students respectively, which indicated the middle 

score of the Scientific Creativity in the each group. The median value 

represents that 50% of the students lies above and below the value.    

 The mode value obtained for the SOLO Taxonomy, Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy group are 

35, 32 and 40 respectively. Mode value signifies most repeating scores 
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in the Scientific Creativity test. The Standard Deviation of the SOLO 

Taxonomy Group is 4.50, Revised Bloom’s Taxonomy group is 4.89, 

and Mc Cormack and Yager’s Taxonomy group is 4.92. These values 

show that there is variation of scores in each group after the 

intervention. 

 The Skewness obtained for Revised Bloom’s and Mc Cormack 

and Yager’s Taxonomy were negative but for, SOLO Taxonomy it is 

positive. And the Kurtosis value of all the groups is negative. It means 

that the distribution is platykurtic. Graphical representation of Measures 

of central tendency is shown below. 

 

 

Figure 12:  Graphical Representation showing Measures of Central 

Tendency of Post test Scores of Secondary School Students in the three 

Experimental Groups 

 

Effectiveness of Instructions Based on, SOLO Taxonomy, Revised 

Bloom’s Taxonomy, and Mc Cormack and Yager’s Taxonomy on 

Scientific Creativity of Secondary School Students 

One of the purposes of this study is to compare the effectiveness 

of instruction based on the SOLO, Revised Bloom’s and Mc Cormack 

and Yager’s Taxonomy on Scientific Creativity of secondary school 
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students. For this the investigator developed following hypothesis, and 

tested these hypotheses using ‘t’ test , ‘F’ test, such as ANOVA and 

ANCOVA followed by adjusted post test. 

1. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Creativity of 

secondary school students. 

2. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Creativity of secondary 

school students. 

3. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group I. 

4. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group II. 

5. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group III. 

6. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group II. 

7. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group III. 
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8. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group II and 

Experimental Group III. 

Comparison of pre test scores of Scientific Creativity among 

Experimental group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s Taxonomy) and Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) 

 For this, the investigator compared all the pre test scores of each 

experimental group using One Way Analysis of Variance. The data and 

results of the test of significance were given in the table below. 

Table 19 

Data and result of pre test scores of Scientific Creativity in each 

Experimental Group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
203.895 2 101.948 

2.18 p>0.05 
Within 

Groups 
9660.300 207 46.668 

Total 9864.195 209    

 

The obtained ‘F’ value is 2.18 which is not significant even at 

0.05 level of significance (p>0.05). This shows that there is no 

significant differences in the pre test mean scores of students in each 

experimental group. Therefore all the three experimental groups do not 

differ significantly in their Scientific Creativity. So it is inferred that, 
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before the intervention three groups were more or less same in Scientific 

Creativity. 

Comparison of post test scores in Scientific Creativity among 

Experimental group I, Experimental group II and Experimental 

group III  

 For this, the investigator compared all the post test scores in the 

each experimental groups using One Way Analysis of Variance. The 

data and results of the test of significance were given in the table below. 

Table 20 

Data and result of post test scores of Scientific Creativity in the each 

experimental group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

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 significant at 0.01 level 

of significance (p<0.01). This shows that there is a significant difference 

in the post test means scores of the students in the each experimental 

group. Therefore the all three experiment groups differ significantly in 

their scientific Creativity after the intervention. So it is inferred that after 

the intervention three groups differ significantly in their Scientific 

Creativity. In order to find out the initial difference 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 for the 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 

Taxonomy 

70  35.37 

 

 Above table shows that the obtained mean scores of Mc 

Cormack and Yager’s Taxonomy is 35.37, SOLO taxonomy 27.71 and 

Revised Bloom’s Taxonomy is 28.61. So it is clear that Mc Cormack 

and Yager’s Taxonomy significantly differ from SOLO and Revised 

Bloom’s for Scientific Creativity. It can be represented below through 

mean plot. 

 

 

Figure 13: Mean plot showing the difference in Scientific Creativity of 

students in the experimental groups receiving instruction based on three 

taxonomies 
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Comparison between the mean Pre test and Post test scores of 

Scientific Creativity of Experimental Group I  

The difference between the pre test and post test mean scores of 

the Experimental group I (SOLO Taxonomy) were tested for 

significance by finding the Critical Ratio using Paired Sample ‘t’ test. 

The data and results of the test of significance were given in the table 

below. 

Table 22 

 Data and result of Pre test and Post test scores of Scientific Creativity 

in Experimental Group I 

Tests Mean N 
Std. 

Deviation 
r t Sig 

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 highly significant at 0.01 

level of significance. It means that there exists a significant difference 

between pre test and post test mean scores in the SOLO Taxonomy 

group. Since the mean of post test 27.71 is greater than that of pre test 

mean 18.56, it is inferred that instruction based on the SOLO Taxonomy 

is effective in developing Scientific Creativity.  

 

 

 

 



 

Figure 14:  Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Creativity in 

 

Comparison between the mean Pre test and Post test scores in 

Scientific Creativity

The difference between the 

the Experimental group II (Revised Bloom’s Taxonomy) 

significance by finding the Critical Ratio using paired 

The data and results of the test of significance were given in the table 

below. 
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Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Creativity in Experimental Group I 

between the mean Pre test and Post test scores in 

Scientific Creativity of Experimental Group II.  

The difference between the pre test and post test mean scores of 

Experimental group II (Revised Bloom’s Taxonomy) were tested for 

significance by finding the Critical Ratio using paired sample

The data and results of the test of significance were given in the table 

Pretest Posttest
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Graphical Representation showing Pre test and Post test 

 

between the mean Pre test and Post test scores in 

and post test mean scores of 

were tested for 

sample ‘t’ test. 

The data and results of the test of significance were given in the table 



 

Table 23 

Data and result of Pre test

Experimental Group I

Tests  Mean

Pre test 19.17

Post test 28.61

 

The obtained‘t’

level of significance. That means there exist a significant difference 

between pre test and post test mean scores in the 

Taxonomy group. Since the mean of post test 28.61 is greater than 

of the pre test mean 19.17, it is inferred that instruction based on the

Revised Bloom’s Taxonomy is effective in developing Scientific 

Creativity.  

Figure 15:  Graphical Representation showing 

Mean scores of Scientific Cr
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Pre test and Post test scores of Scientific Cr

Experimental Group II 

Mean N 
Std. 

Deviation 
r t 

19.17 70 6.769 
.413 12.12 

28.61 70 4.897 

obtained‘t’ value is 12.12, which is highly significant at 0.01 

level of significance. That means there exist a significant difference 

between pre test and post test mean scores in the Revised Bloom’s 

Taxonomy group. Since the mean of post test 28.61 is greater than 

of the pre test mean 19.17, it is inferred that instruction based on the

Taxonomy is effective in developing Scientific 

Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Creativity in Experimental Group II 

Pretest Posttest
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scores of Scientific Creativity in 

Sig 

 P<0.01 

value is 12.12, which is highly significant at 0.01 

level of significance. That means there exist a significant difference 

Revised Bloom’s 

Taxonomy group. Since the mean of post test 28.61 is greater than that 

of the pre test mean 19.17, it is inferred that instruction based on the 

Taxonomy is effective in developing Scientific 

 

Pre test and Post test 

I 
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Comparison between the mean Pre test and Post test scores of 

Scientific Creativity of Experimental group III.  

The difference between the pre test and post test mean scores of 

the Experimental group III (Mc Cormack and Yager’s Taxonomy) were 

tested for significance by finding the critical ratio, using paired sample 

‘t’ test. The data and results of the test of significance were given in the 

table below. 

Table   24 

Data and result of Pre test and Post test scores of Scientific Creativity in 

the Experimental Group III 

Tests  Mean N 
Std. 

Deviation 
r t Sig 

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 significant at 0.01 

level of significance,  that means there exists a significant difference 

between pre test and post test mean scores among  the Mc Cormack and 

Yager’s Taxonomy group. Since the mean of post test 35.37 is greater 

than that of the pre test mean 20.89, it is inferred that instruction based 

on Mc Cormack and Yager’s Taxonomy is effective in developing 

Scientific Creativity. 

 

 

 



 

Figure 16: Graphical Representation 

Mean scores of Scientific Cr

 

Comparison between the Mean Gain Scores of Scientific Creativity 

between Experimental Group I and Experimental Group II

 

The difference between the Mean Gain Sco

Experimental group I(SOLO Taxonomy) and Experimental Group II 

(Revised Bloom’s Taxonomy) 

the critical ratio, using Independent 

of the test of significance are given in 
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Graphical Representation showing Pre test and Post test 

Mean scores of Scientific Creativity in Experimental Group III

between the Mean Gain Scores of Scientific Creativity 

between Experimental Group I and Experimental Group II

The difference between the Mean Gain Scores of the 

Experimental group I(SOLO Taxonomy) and Experimental Group II 

(Revised Bloom’s Taxonomy) were tested for significance by finding 

the critical ratio, using Independent Sample‘t’ test. The data and results 

of the test of significance are given in the table below. 

Pretest Posttest
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showing Pre test and Post test 

II  

between the Mean Gain Scores of Scientific Creativity 

between Experimental Group I and Experimental Group II  

res of the 

Experimental group I(SOLO Taxonomy) and Experimental Group II 

were tested for significance by finding 

test. The data and results 



 

Table 25 

Data and result of 

Creativity of Experimental group I (

(Revised Bloom’s) 

Tests 

Revised Bloom’s 

Taxonomy Based 

Instruction 

SOLO Taxonomy 

based Instruction 

 

The obtained‘t’

level of significance. It means that, there exists no significant difference 

between Mean Gain Scores of 

SOLO Taxonomy Group in their Scientific Creativity. 

Figure 17: Graphical Representation showing Pre test and Post test 

Gain scores of Scientific Creativity among Experimental group I 

(SOLO) and Experimental Group II
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Data and result of Pre test and Post test Gain scores of Scientific 

Creativity of Experimental group I (SOLO) and Experimental Group II

Mean N 
Std. 

Deviation 
t 

9.44 70 6.51 

0.259 

9.15 70 6.4 

obtained‘t’ value is .259, which is not significant at 0.05 

level of significance. It means that, there exists no significant difference 

between Mean Gain Scores of Revised Bloom’s Taxonomy Group and 

Group in their Scientific Creativity.  

Graphical Representation showing Pre test and Post test 

Gain scores of Scientific Creativity among Experimental group I 

(SOLO) and Experimental Group II (Revised Bloom’s Taxonomy)

Revised Bloom’s Taxonomy 

Based Instruction

SOLO Taxonomy based 

Instruction
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Gain scores of Scientific 

) and Experimental Group II 

Sig 

P>0.05 

 

value is .259, which is not significant at 0.05 

level of significance. It means that, there exists no significant difference 

Revised Bloom’s Taxonomy Group and 

 

Graphical Representation showing Pre test and Post test 

Gain scores of Scientific Creativity among Experimental group I 

(Revised Bloom’s Taxonomy) 
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Comparison between the Mean Gain Scores of Scientific Creativity 

among Experimental group II and Experimental Group III 

The difference between the mean gain scores of the Experimental 

group II (Revised Bloom’s Taxonomy) and Experimental Group III (Mc 

Cormack and Yager’s Taxonomy) were tested for significance by 

finding the Critical Ratio, using Independent sample‘t’ test. The data 

and results of the test of significance were given in the table below. 

Table   26 

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

Creativity among Experimental group II and Experimental Group III 

Tests Mean N 
Std. 

Deviation 
t Sig 

Revised 

Bloom’s 
9.15 70 6.4 

3.94 P<0.01 
Mc Cormack 

and Yager’s 
14.4 70 9.25 

 

 The obtained‘t’ value is 3.94, which is significant at 0.01 level of 

significance that means there exists a significant difference between 

mean gain scores in  Revised Bloom’s and Mc Cormack and Yager’s 

Taxonomy group. Since the mean gain of Mc Cormack and Yager’s 

Taxonomy group, 14.4 is greater than that of the mean gain of Revised 

Bloom’s 9.15, it is inferred that students from Mc Cormack and Yager’s 

Taxonomy group have high gain in their Scientific Creativity score.  



 

 

Figure 18:  Graphical Representation showin

Gain scores of Scientific Creativity among Experimental Group II and 

Experimental Group III

 

Comparison between the Mean Gain Scores of Scientific Creativity 

among Experimental group II and Experimental Group III

The difference between the Mean Gain Scores of the 

Experimental group I (
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and results of the test of significance were given in the table below.
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Graphical Representation showing Pre test and Post test 

Gain scores of Scientific Creativity among Experimental Group II and 

Experimental Group III 

between the Mean Gain Scores of Scientific Creativity 

among Experimental group II and Experimental Group III

The difference between the Mean Gain Scores of the 

Experimental group I (SOLO Taxonomy) and Experimental Group III 

Yager’s Taxonomy) were tested for significance by 

finding the Critical Ratio, using independent sample  ‘t’ test. The data 

d results of the test of significance were given in the table below.
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g Pre test and Post test 

Gain scores of Scientific Creativity among Experimental Group II and 

between the Mean Gain Scores of Scientific Creativity 

among Experimental group II and Experimental Group III  

The difference between the Mean Gain Scores of the 

) and Experimental Group III 

were tested for significance by 

test. The data 

d results of the test of significance were given in the table below. 



 

Table 27 

Data and result of 

Creativity among Experimental group I and Experimental Group III

Tests 

SOLO Taxonomy 

Group 

Mc Cormack and 

Yager’s 

Taxonomy Group 

 

 The obtained‘t’

level of significance. It means that, there exists a significant difference 

between mean gain scores among 

Taxonomy group. Since the mean gain of 

Taxonomy group 14.4, is greater than that of the mean gain of SOLO 

9.4, it is inferred that students from 

Taxonomy group have high gain in their Scientific Creativity score.

.

Figure 19: Graphical Representation showing Pre test and

Gain scores of Scientific Creativity among Experimental Group II and 

Experimental Group III
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Data and result of Pre test and Post test Gain scores of Scientific 

Creativity among Experimental group I and Experimental Group III

Mean N 
Std. 

Deviation 
t 

9.44 70 9.25 

3.72 

14.4 70 6.51 

obtained‘t’ value is 3.72, which is highly significant at 0.01 

level of significance. It means that, there exists a significant difference 

between mean gain scores among SOLO and Mc Cormack and 

group. Since the mean gain of Mc Cormack and 

group 14.4, is greater than that of the mean gain of SOLO 

9.4, it is inferred that students from Mc Cormack and 

group have high gain in their Scientific Creativity score.

Graphical Representation showing Pre test and

Gain scores of Scientific Creativity among Experimental Group II and 

Experimental Group III 

SOLO Taxonomy Group Mc Cormack and Yager’s 

Taxonomy Group
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Gain scores of Scientific 

Creativity among Experimental group I and Experimental Group III 

Sig 

P<0.01 

value is 3.72, which is highly significant at 0.01 

level of significance. It means that, there exists a significant difference 

and Yager’s 

and Yager’s 

group 14.4, is greater than that of the mean gain of SOLO 

and Yager’s 

group have high gain in their Scientific Creativity score. 

 

Graphical Representation showing Pre test and Post test 

Gain scores of Scientific Creativity among Experimental Group II and 
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Comparison of Effectiveness of Instructions based on Revised 

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

Yager’s Taxonomy on Scientific Creativity of secondary school 

students 

In this section investigator compared the post test score for 

Scientific Creativity of the secondary school students in the three groups 

using Univariate Analysis. Here the investigator took pre test as co-

variate. Following tables show the results.  

Table 28 

Data and Results of the Univariate analysis, for testing the Effectiveness 

of Instructions based on Revised Bloom’s Taxonomy, SOLO Taxonomy, 

and Mc Cormack and Yager’s Taxonomy on Scientific Creativity of 

secondary school students 

Source 
Type III Sum 

of Squares 
df 

Mean 

Square 
F Sig. 

Pre test 

Scientific 

Creativity 

180.844 1 180.844 8.191 P<0.01 

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 error is 50.25 which is 

highly significant at 0.01 level of significance (p<0.01). It means that, 

instructions based on Revised Bloom’s Taxonomy, SOLO Taxonomy, 

and Mc Cormack and Yager’s Taxonomy were effective for developing 

Scientific Creativity among secondary school students. 
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The adjusted means of post test scores(x, y means) of students in 

the each experimental group  were calculated. The difference between 

the adjusted y means was tested for significance. The data for adjusted 

means of post test scores of students in experimental groups were given 

in the following table. 

Table 29 

Data for adjusted means of post test scores for Scientific Creativity 

among secondary school students who received instructions based on 

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

Yager’s Taxonomy 

Groups  N Mx My MXY  t 

SOLO 

Taxonomy(A) 
70 18.56 27.71 27.84 A-B 1.02 

 

Bloom’s 

Taxonomy(B) 

70 19.17 28.61 28.66 B-C 9.13* 

 

Mc Cormack 

and Yager’s(C) 

70 20.89 35.37 35.18 A-C 8.17* 

Total 210 19.54 30.5    

 

 

Above table shows the adjusted post test mean score in each 

groups for the instructions based on Revised Bloom’s Taxonomy, SOLO 

Taxonomy, and Mc Cormack and Yager’s Taxonomy on Scientific 

Creativity of secondary school students. The adjusted mean score of Mc 

Cormack and Yager’s is 35.18, which is greater than the adjusted mean 

score of SOLO Taxonomy 27.84, and Revised Bloom’s Taxonomy 

28.66. In order to find out the significant mean differences among the 
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each taxonomy investigator used pair wise comparison. Following table 

shows the pair wise comparison. 

 

 

Figure 20: Graphical Representation showing Pre test and Post test 

adjusted means of Scientific Creativity of Experimental Group II and 

Experimental Group III 
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Table 30 

Data and result of the significant mean differences among Revised 

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

Taxonomy using Pair wise Comparisons 

(I) group (J) group Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 

SOLO 

taxonomy 

Revised Bloom’s 

Taxonomy 

 

.816 .795 P>0.05 

Mc Cormack and 

Yager’s Taxonomy 

 

-7.339* .802 P<0.01 

Revised 

Bloom’s 

Taxonomy 

SOLO taxonomy 

 
-.816 .795 P>0.05 

Mc Cormack and 

Yager’s Taxonomy 

 

-6.523* .798 P<0.01 

Mc Cormack 

and Yager’s 

Taxonomy 

SOLO taxonomy 

 
7.339* .802 P<0.01 

Revised Bloom’s 

Taxonomy 
6.523* .798 P<0.01 

 

 

Above table shows, that the obtained mean difference is not 

significant between Revised Bloom’s with SOLO Taxonomy is .816 

(p>0.05) and Revised Bloom’s with Mc Cormack and Yager’s 

Taxonomy is 6.52. the  differences are highly significant. In the case of 

SOLO with Mc Cormack and Yager’s Taxonomy also, the mean 

difference (7.33) is highly significant. Among the mean differences Mc 

Cormack and Yager’s Taxonomy have high difference compared to 

SOLO and Revised Bloom’s. So it can be concluded that Mc Cormack 
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and Yager’s Taxonomy (35.18) is more effective to develop Scientific 

Creativity among secondary school students and then comes Revised 

Bloom’s Taxonomy (28.66) for developing Scientific Creativity. From 

the present study, it was found that SOLO Taxonomy comes below the 

other two taxonomies in developing Scientific Creativity among 

secondary school students. It can be represented below through 

estimated marginal mean plot.  

 

Figure 21: Graphical Representation showing Estimated Marginal 

Mean plot of Scientific Creativity of Experimental Group I, 

Experimental Group II and Experimental Group III 
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Comparison of Metacognitive Awareness 

Comparison of Metacognitive Awareness of Secondary School 

Students in the Experimental Group I (SOLO Taxonomy), 

Experimental Group II (Revised Bloom’s Taxonomy) and 

Experimental Group III ( Mc  Cormack and Yager’s Taxonomy) 

After equating the group, the investigator administered pre test in 

Scientific Attitude, Scientific Creativity, and Metacognitive Awareness 

among the three experimental groups. Then administered intervention 

strategy in each experimental group like Experimental Group I (SOLO 

Taxonomy), Experimental Group II (Revised Bloom’s Taxonomy), and 

Experimental Group III (Mc Cormack and Yager’s Taxonomy).After the 

intervention investigator administered same test as post test in all the 

groups. Then tabulated the scores in the pre test and post test and 

condensed it in to the descriptive statistics of pre test and post test for 

analyzing the preliminary features of the data. Following tables shows 

the descriptive statistics of the pre test and post test scores of the each 

group with regard to the learning outcome, Metacognitive Awareness. 

Descriptive statistics of pre test scores of Metacognitive Awareness 

of the Secondary school students in the Experimental Group I 

(SOLO Taxonomy), Experimental Group II (Revised Bloom’s 

Taxonomy) and Experimental Group III (Mc Cormack and Yager’s 

Taxonomy) 

a) Before the experiment 

 Before starting the experiment, Metacognitive Awareness test 

was administered by the investigator as pre test to all the groups. Each 

group consisting a total number of 70 students. The pre test scores 

obtained by the students in the three groups were condensed into 

arithmetic mean, median, mode, standard deviation and skewness. This 

was to get a general picture of the performance of students in the three 

groups before the experiment.  
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Table 31 

Descriptive statistics of Metacognitive Awareness among secondary 

school students before the experiment 

Statistics   
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 Awareness, the 

obtained mean score in SOLO Taxonomy is 271.04, Revised Bloom’s 

Taxonomy group is 275.44, and that of Mc Cormack and Yager’s 

Taxonomy group is 266.11. All these values indicated that, the average 

Metacognitive Awareness of the students in each group was more or less 

the same. 

 The median scores are 279.50, 284.00, and 271.00 for SOLO 

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

Taxonomy group students respectively, which indicated the middle 

score of the Metacognitive Awareness in the group. The median value 

represent that 50% of the students are above and below the value.  

 The mode value obtained for, SOLO Taxonomy, Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy group are 

20, 18, and 28 respectively. These are the most repeating scores in the 
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Metacognitive Awareness test. The standard deviation of the SOLO 

Taxonomy group is 30.20, Revised Bloom’s Taxonomy group is 27.18 

and Mc Cormack and Yager’s Taxonomy  group is 28.92. These values 

show the variations of scores in each group before the intervention.  

 The skewness obtained for the Revised Revised Bloom’s, Mc 

Cormack, and Yager’s Taxonomy and for SOLO Taxonomy is negative. 

Kurtosis value of all the group are positive that means, the distribution is 

platykurtic. Graphical representation of Measures of central tendency is 

shown below. The values of measures central tendency approaches to 

normality. 

 

 

Figure 22:  Graphical Representation of Measures of Central Tendency 

of Pre test Scores of Metacognitive Awareness of the secondary school 

students in the three experimental groups 

b) After the Experiment 

 The same Metacognitive Awareness test was administered by the 

investigator as post test to all the groups. Each group consisting a total 

number of 70 students. The post test scores obtained by the students in 

three groups were condensed into Arithmetic Mean, Median, Mode, 
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Standard Deviation and Skewness. This was done to get a general 

picture of the distribution. 

Table 32 

Descriptive statistics of Metacognitive Awareness among Secondary 

School Students after the experiment 

Statistics 
SOLO  

Taxonomy 

Revised 

Bloom’s   

Taxonomy 

Mc Cormack and 

Yager’s 

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 Metacognitive Awareness, 

the obtained mean score of SOLO Taxonomy group is 322.24, Revised 

Bloom’s Taxonomy group is 310.29, and Mc Cormack and Yager’s 

Taxonomy  group is 297.21. All these values indicated that the students 

from each group have different levels of Metacognitive Awareness after 

the experiment. 

 The Median scores obtained are 325.50, 317.50 and 298 for 

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

Yager’s Taxonomy group students respectively, which indicated the 

middle score of the Metacognitive Awareness in the each group. The 

median value represents that 50% of the students lies above and below 

the value.    

 The mode value obtained for SOLO Taxonomy, Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy group are 



Analysis and Interpretation of Data   
 

180 

 

325.00, 317.50 and 298.00 respectively. Mode value signifies most 

repeating scores in the Metacognitive Awareness test. The Standard 

Deviation of the SOLO Taxonomy Group is 9.15, Revised Bloom’s 

Taxonomy group is 24.04, and Mc Cormack and Yager’s Taxonomy 

group is 12.14. These values show that there is variation of scores in 

each group after the intervention. 

 Skewness obtained for Revised Bloom’s Taxonomy, Mc 

Cormack and Yager’s Taxonomy and  SOLO Taxonomy, is positive. 

And the Kurtosis value of all the groups is positive; that means the 

distribution is leptokurtic. Graphical representation of Measures of 

central tendency is shown below. 

 

Figure 23:  Graphical Representation showing Measures of Central 

Tendency of Post test Scores of Secondary School Students in the three 

Experimental Groups 

Effectiveness of Instructions Based on, SOLO Taxonomy, Revised 

Bloom’s Taxonomy, and Mc Cormack and Yager’s Taxonomy on 

Metacognitive Awareness of Secondary School Students 

One of the purposes of this study is to compare the effectiveness 

of instruction based on the SOLO, Revised Bloom’s and Mc Cormack 

and Yager’s Taxonomy on Metacognitive Awareness of secondary 
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school students. For this the investigator developed following 

hypothesis, and tested these hypotheses using ‘t’ test, ‘F’ test, such as 

ANOVA and ANCOVA followed by adjusted post test. 

1. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on 

Mc Cormack and Yager’s Taxonomy) for Metacognitive 

Awareness of secondary school students. 

2. There will be no significant difference between the mean post 

test scores of Experimental group I, Experimental group II and 

Experimental group III for Metacognitive Awareness of 

secondary school students. 

3. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group I. 

4. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group II. 

5. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group III. 

6. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group II. 

7. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group III. 
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8. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group II 

and Experimental Group III. 

Comparison of pre test scores of Metacognitive Awareness among 

Experimental group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s Taxonomy) and Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) 

 For this, the investigator compared all the pre test scores of each 

experimental groups using One Way Analysis of Variance. The data and 

results of the test of significance were given in the table below. 

Table 33 

Data and result of pre test scores of Metacognitive Awareness in each 

Experimental Group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
3049.038 2 1524.519 

1.83 p>0.05 
Within 

Groups 
171941.229 207 830.634 

Total 174990.267 209    

 

The obtained ‘F’ value is 1.83 which is not significant at 0.05 

level of significance (p>0.05). This shows that there is no significant 

differences in the pre test mean scores among the students in each 

experimental group. Therefore all the three experimental groups do not 

differ significantly in their Metacognitive Awareness. So it is inferred 
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that, before the intervention three groups were more or less same in 

Metacognitive Awareness.  

Comparison of post test scores in Metacognitive Awareness among 

Experimental group I, Experimental group II and Experimental 

group III  

 For this the investigator compared all the post test scores in each 

experimental groups using One Way Analysis of Variance. The data and 

results of the test of significance were given in the table below. 

Table 34 

Data and result of post test scores of Metacognitive Awareness in the 

each experimental group 

Source of 

variance 

Sum of 

Squares 
df 

Mean 

Square 
F Sig. 

Between 

Groups 
21939.514 2 10969.757 

40.65 P<0.01 
Within 

Groups 
55848.943 207 269.802 

Total 77788.457 209    

 

The obtained ‘F’ value is 40.65 which is significant at 0.01 level 

of significance (p<0.01). This shows that there is a significant difference 

in the post test means scores of the students in the each experimental 

group. Therefore the all the three experiment groups differ significantly 

in their Metacognitive Awareness after the intervention. So it is inferred 

that after the intervention three groups differ significantly in their 

Metacognitive Awareness. In order to find out the initial difference 

among the three groups investigator used Scheffe post hoc test. 
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Table 35 

Data and results of the Scheffe post hoc test for the difference in 

Metacognitive Awareness 

 

Group    N Subset for alpha = 0.05 
1 2 3 

Mc Cormack and 
Yager’s Taxonomy 

70 297.21   

Revised Bloom’s 
Taxonomy 

70  310.29  

SOLO taxonomy 70   322.24 

Above table shows that the obtained mean scores of Mc Cormack 

and Yager’s Taxonomy is 297, SOLO taxonomy 322.24 and Revised 

Blooms Taxonomy is 310. So it is clear that SOLO Taxonomy 

significantly differ from Mc Cormack and Yager’s Taxonomy and 

Revised Bloom Taxonomy for Metacognition. It can be represented 

below through mean plot. 

 

Figure 24: Mean plot showing the difference in Metacognitive 

Awareness of students in the experimental groups receiving instruction 

based on three taxonomies 
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Comparison between the mean pre test and post test scores of 

Metacognitive Awareness of Experimental Group I  

The difference between the pre test and post test mean scores of 

the Experimental group I (SOLO Taxonomy) were tested for 

significance by finding the Critical Ratio using Paired Sample‘t’ test. 

The data and results of the test of significance were given in the table 

below. 

Table 36 

Data and result of Pre test and Post test scores of Metacognitive 

Awareness in Experimental Group I 

Tests  Mean N 
Std. 

Deviation 
r t Sig 

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 highly significant at 0.01 

level of significance. It means that, there exist a significant difference 

between pre test and post test mean scores in the SOLO Taxonomy 

group. Since the mean of post test 322.24, is greater than that of the pre 

test mean 271.04, it is inferred that instruction based on the SOLO 

Taxonomy is effective in developing the Metacognitive Awareness.  



 

Figure 25: Graphical Representation showing of 

Mean scores of Metacognitive A
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Graphical Representation showing of pre test and post test 

Mean scores of Metacognitive Awareness in Experimental Group I

between the mean Pre test and Post test 

Metacognitive Awareness among Experimental Group II.  

The difference between the pre test and post test mean scores of 

Experimental group II (Revised Bloom’s Taxonomy) were tested for 

significance by finding the Critical Ratio using paired sample

ts of the test of significance were given in the table 

Pretest Posttest
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pre test and post test 

wareness in Experimental Group I 

test and Post test scores of 

 

mean scores of 

were tested for 

sample ‘t’ test. 

re given in the table 



 

Table 37 

Data and result of 

Awareness in Experimental Group

Tests  Mean

Pre test 275.44

Post test 310.29

 

The obtained 

level of significance

between pre test and 

Taxonomy group. Since the mean of 

of pre test mean 275.44, it is inferred that instruction based on the 

Revised Bloom’s Taxonomy is effective in developing 

Awareness.  

 

Figure 26:  Graphical Representation showing 

Mean scores of Metacognitive Awareness in Experimental Group II
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Data and result of Pre test and Post test scores of Metacognitive 

in Experimental Group II 

Mean N 
Std. 

Deviation 
r t 

275.44 70 27.185 
.69 14.33 

310.29 70 24.045 

 ‘t’ value is 14.33, which is highly significa

level of significance. It means that, there exists a significant difference 

test and post test mean scores in the Revised Bloom’s

Taxonomy group. Since the mean of post test 310.29 is greater than that 

test mean 275.44, it is inferred that instruction based on the 

Taxonomy is effective in developing Metacognitive 

Graphical Representation showing pre test and post test 

Mean scores of Metacognitive Awareness in Experimental Group II

Pretest Posttest
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Metacognitive 

Sig 

 P<0.01 

value is 14.33, which is highly significant at 0.01 

nificant difference 

Revised Bloom’s 

.29 is greater than that 

test mean 275.44, it is inferred that instruction based on the 

Metacognitive 

 

pre test and post test 

Mean scores of Metacognitive Awareness in Experimental Group II 
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Comparison between the mean Pre test and Post test scores of 

Metacognitive Awareness of Experimental group III.  

The difference between the pre test and post test mean scores of 

the Experimental group III (Mc Cormack and Yager’s Taxonomy) were 

tested for significance by finding the critical ratio, using paired sample 

‘t’ test. The data and results of the test of significance were given in the 

table below. 

Table 38 

Data and result of Pre test and Post test scores of Metacognitive 

Awareness in the Experimental Group III 

Tests  Mean N 
Std. 

Deviation 
r t Sig 

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 significant at 0.01 

level of significance.  It means that there exists a significant difference 

between pre test and post test mean scores in the Mc Cormack and 

Yager’s Taxonomy group. Since the mean of post test 297.21 is greater 

than that of the pre test mean 266.11, it is inferred that instruction based 

on the SOLO Taxonomy is effective in developing Metacognitive 

Awareness.  



 

Figure 27: Graphical Representation showing of 

Mean scores of Metacognitive Awareness in Experimental Group III
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Graphical Representation showing of Pre test and Post test 

Mean scores of Metacognitive Awareness in Experimental Group III

Comparison between the Mean Gain Scores of Metacognitive 

between Experimental group I and Experimental Group 

The difference between the Mean Gain Scores of the 

Experimental group I(SOLO Taxonomy) and Experimental Group II 

Taxonomy) were tested for significance by finding 

the critical ratio, using Independent Sample‘t’ test. The data and resul

of the test of significance were given in the table below. 

Pretest Posttest
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and Post test 

Mean scores of Metacognitive Awareness in Experimental Group III 

Metacognitive 

between Experimental group I and Experimental Group 

The difference between the Mean Gain Scores of the 

Taxonomy) and Experimental Group II 

were tested for significance by finding 

test. The data and results 
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Table 39 

Data and result of Pre test and Post test Gain scores of Metacognitive 

Awareness of Experimental group I (SOLO) and Experimental Group II 

(Revised Bloom’s) 

Tests Mean N 
Std. 

Deviation 
t Sig 

SOLO 

Taxonomy 

based 

Instruction 

 

51.2 70 31.54 

3.64 P<0.01 
Revised 

Bloom’s 

Taxonomy 

Based 

Instruction 

34.84 70 20.34 

 

The obtained ‘t’ value is 3.64, which is significant at 0.01 level of 

significance; it means that there exists a significant difference between 

Mean Gain Scores of Revised Bloom’s Taxonomy Group and SOLO 

Taxonomy Group in their Metacognitive Awareness. The obtained mean 

score of SOLO taxonomy 51.2 is greater than the mean score of Revised 

Bloom’s taxonomy 34.84. So it is inferred that students from SOLO 

group have high level of Metacognitive Awareness. 



 

Figure 28: Graphical Representation showing 

Gain Scores of Metacognitive Awareness among Experimental group I 

(SOLO) and Experimental Group II (
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Graphical Representation showing pre test and post test 

Gain Scores of Metacognitive Awareness among Experimental group I 

) and Experimental Group II (Revised Bloom’s) 

between the Mean Gain Scores of Metacognitive 

among Experimental Group II and Experimental Group 

The difference between the mean gain scores of the Experimental 

Revised Bloom’s Taxonomy) and Experimental Group III (

and Yager’s Taxonomy) were tested for significance 

finding the Critical Ratio, using Independent Sample‘t’ test. The data 

and results of the test of significance were given in the table below.

SOLO Taxonomy based 

Instruction

Revised Bloom’s Taxonomy 

Based Instruction
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Gain Scores of Metacognitive Awareness among Experimental group I 

Metacognitive 

roup II and Experimental Group 

Experimental 

Taxonomy) and Experimental Group III (Mc 

were tested for significance by 

test. The data 

and results of the test of significance were given in the table below. 
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Table 40 

Data and result of pre test and post test gain scores of Metacognitive 

Awareness among Experimental group II and Experimental Group III 

Tests Mean N 
Std. 

Deviation 
t Sig 

Revised 

Bloom’s 
34.84 70 20.34 

.85 P>0.05 Mc Cormack 

and Yager’s 

 

31.1 70 30.45 

 

  The obtained‘t’ value is .85, which is not significant at 0.05 level 

of significance. It means that there exists no significant difference 

between gain mean scores in the Revised Bloom’s and Mc Cormack and 

Yager’s Taxonomy group. Since the mean gain of Mc Cormack and 

Yager’s Taxonomy group and the mean gain of Revised Bloom’s are 

more or less same, it is inferred that students from Mc Cormack and 

Yager’s Taxonomy group and Revised Bloom’s have almost same level 

of mean gain in their Metacognitive Awareness score. 

 

 

 



 

Figure 29: Graphical Representation showing 

scores of Metacognitive Awareness among Experimental Group II and 

Experimental Group III
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Graphical Representation showing pre test and post test 

scores of Metacognitive Awareness among Experimental Group II and 

Experimental Group III 

between the Mean Gain Scores of Metacognitive 

of Experimental group I and Experimental Group III

ifference between the Mean Gain Scores of the 

Experimental group I (SOLO Taxonomy) and Experimental Group III 

and Yager’s Taxonomy) were tested for significance by 

finding the Critical Ratio, using independent sample ‘t’ test. The data 

and results of the test of significance were given in the table below.
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Table 41 

Data and result of pre test and post test gain scores of Metacognitive 

Awareness among Experimental group I and Experimental Group III 

Tests Mean N 
Std. 

Deviation 
t Sig 

SOLO 

Taxonomy 

Group 

 

51.2 70 31.54 

3.83 P<0.01 
Mc Cormack 

and Yager’s 

Taxonomy 

Group 

31.1 70 30.45 

 

  

The obtained ‘t’ value is 3.83, which is highly significant at 0.01 

level of significance. It means that there exists a significant difference 

between mean gain scores among SOLO and Mc Cormack and Yager’s 

Taxonomy group. Since the mean gain of SOLO Taxonomy group 51.2, 

is greater than that of the mean gain of Mc Cormack and Yager’s 31.1, it 

is inferred that students from SOLO Taxonomy group have high gain in 

their Metacognitive Awareness score. 

 

 

 

 

 

 

 



 

Figure 30:  Graphical Representation showing pre test

gain scores of Metacognitive Awareness among
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Graphical Representation showing pre test and post test 

gain scores of Metacognitive Awareness among Experimental Group II 

and Experimental Group III 

Effectiveness of Instructions based on 

Taxonomy, SOLO Taxonomy, and Mc Cormack

Yager’s Taxonomy on Metacognitive Awareness of secondary 

In this section investigator compared the post test score of the 

Metacognitive Awareness of secondary school students in the three 

groups using Univariate Analysis. Here the investigator took  

variate. Following tables show the results.  
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Table 42 

Data and Results of the Univariate analysis, for testing the Effectiveness 

of Instructions based on Revised Bloom’s Taxonomy, SOLO Taxonomy, 

and Mc Cormack and Yager’s Taxonomy for Metacognitive Awareness 

of secondary school students 

Source 

Type III 

Sum of 

Squares 

df 
Mean 

Square 
F Sig. 

Pre test 

Metacognitive 

Awareness 

6449.510 1 6449.510 26.895 P<0.01 

Group 20225.239 2 10112.619 42.171 

 

P<0.01 

 Error 49399.433 206 239.803 

Total 20247630.00 

 

210 

 

   

 

Above table shows the obtained ‘F’ for the error is 42.17 which is 

highly significant at 0.01 level of significance (p<0.01). It means that 

instructions based on Revised Bloom’s Taxonomy, SOLO Taxonomy, 

and Mc Cormack and Yager’s Taxonomy were effective for developing 

Metacognitive Awareness among secondary school students. 

The adjusted means of post test scores (x, y means) of students in 

the each experimental group were calculated. The difference between 

the adjusted y means was tested for significance. The data for adjusted 

means of post test scores of students in experimental and control groups 

were given in the following table. 
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Table 43 

Data for adjusted means of post  test scores for Metacognitive 

Awareness among secondary school students who received instructions 

based on Revised Bloom’s Taxonomy, SOLO Taxonomy, and Mc 

Cormack and Yager’s Taxonomy 

Groups  N Mx My MXY  t 

SOLO 

Taxonomy 

(A) 

70 271.04 322.24 322.42 A-B 4.88* 

Revised 

Bloom’s 

Taxonomy(B) 

70 275.44 310.29 309.73 B-C 9.18* 

Mc Cormack 

and 

Yager’s(C) 

70 266.11 297.21 298.15 A-c 4.26* 

Total 210 270.86 309.11    

*significant at 0.01 

 

Above table shows, the adjusted post test mean score in the each 

group for instructions based on Revised Bloom’s Taxonomy, SOLO 

Taxonomy, and Mc Cormack and Yager’s Taxonomy on Metacognitive 

Awareness of secondary school students. The adjusted mean score of 

SOLO Taxonomy is 322.42, which is greater than the adjusted mean 

score of Revised Bloom’s Taxonomy 309.73, and Mc Cormack and 

Yager’s Taxonomy 298.15. In order to find out the significant mean 

differences among the each taxonomy investigator used pair wise 

comparison. Following table shows the pair wise comparison. 
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Figure 31: Graphical Representation showing pre test and post test 

adjusted means of Metacognitive Awareness among Experimental 

Group II and Experimental Group III 

Table 44 

Data and result of the significant mean differences among the Revised 

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

Taxonomy using Pair wise Comparisons 

 

(I) group (J) group Mean 

Difference 

(I-J) 

Std. 

Error 

Sig. 

SOLO 

taxonomy 

Revised Bloom’s 

Taxonomy 
12.809* 2.623 P<0.01 

Mc Cormack and 

Yager’s Taxonomy 
24.074* 2.624 P<0.01 

Revised 

Bloom’s 

Taxonomy 

SOLO taxonomy -12.809* 2.623 P<0.01 

Mc Cormack and 

Yager’s Taxonomy 
11.265* 2.641 P<0.01 

Mc Cormack 

and Yager’s 

Taxonomy 

SOLO taxonomy -24.074* 2.624 P<0.01 

Revised Bloom’s 

Taxonomy 
-11.265* 2.641 P<0.01 

0
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Above table shows, that the obtained mean difference is 

significant between SOLO Taxonomy with Revised Bloom’s is 12.80 

and SOLO with Mc Cormack and Yager’s Taxonomy is 24.07. Both 

differences are highly significant. In the case of Revised Bloom’s with 

Mc Cormack and Yager’s Taxonomy, also the mean difference (11.26) 

is highly significant. Among the mean differences Mc Cormack and 

Yager’s Taxonomy have high difference compared to SOLO and 

Revised Bloom’s. So it can be concluded that SOLO Taxonomy is more 

effective to develop Metacognitive Awareness among secondary school 

students and then comes Mc Cormack and Yager’s Taxonomy and then 

Revised Bloom’s Taxonomy. From the present study, it is found that Mc 

Cormack and Yager’s Taxonomy comes below the other two 

taxonomies in developing Metacognitive Awareness among secondary 

school students. It can be represented below through estimated marginal 

mean plot.  

 

 

Figure 32: Graphical Representation showing Estimated Marginal 

Mean Plot of Metacognitive Awareness of Experimental Group I 

Experimental Group II and Experimental Group III 
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This chapter gives summary of important findings, conclusions 

and tenability of hypothesis, suggestions for improving science 

education and suggestions for further research. The main focus of this 

chapter is the major findings, conclusions, educational implications of 

the study and suggestions for further research. 

Restatement of the problem 

The problem of the present study is entitled “EFFECTIVENESS 

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 the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Attitude of 

secondary school students. 

2. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II and 

Experimental group III for Scientific Attitude of secondary 

school students. 
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3. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

I. 

4. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

II. 

5. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

III. 

6. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group II. 

7. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group III. 

8. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group II and 

Experimental Group III. 

9. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Creativity of 

secondary school students. 

10. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Creativity of secondary 

school students. 
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11. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group I. 

12. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group II. 

13. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group III. 

14. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group II. 

15. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group III. 

16. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group II and 

Experimental Group III. 

17. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy) and 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Metacognitive Awareness 

of secondary school students. 

18. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Metacognitive Awareness of 

secondary school students. 
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19. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group I. 

20. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group II. 

21. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of Experimental 

group III. 

22. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group II. 

23. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group III. 

24. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group II and 

Experimental Group III. 

Objectives of the Study 

1. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude of secondary school 

students. 

2. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Creativity of secondary school 

students. 
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3. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Metacognitive Awareness of secondary 

school students. 

4. To compare the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude, Scientific Creativity, 

and Metacognitive Awareness of secondary school students. 

Methodology 

Experimental method was adopted for the present study. The 

population of the study was the secondary school students of Kerala. 

Sample 

The present study was conducted on a sample of 210 students of 

standard VIII drawn from three schools of Changanachery. The schools 

selected for the study are NSS Boys High school, Perunna, NSS Girls 

High School Perunna and NSS HSS Kidangoor. Among the 210 

students of Experiment group, 70 students were treated with instruction 

based on SOLO Taxonomy (Experimental Group I )  and 70 were  

treated with instruction based on Revised Bloom’s  Taxonomy 

(Experimental group II) and the others were treated with instruction 

based on Mc Cormack and Yager’s Taxonomy (Experimental group III). 

Tools used for the study 

The following tools were used in the experimentation. 

1. Raven’s standard progressive matrices 

2. Scientific Attitude Scale (Meera and Revati,2016) 

3. Metacognitive Awareness Inventory (Meera and Revati,2016) 
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4. Scientific Creativity Test (Weiping Hu and PhilipAdey,2002) 

5. Lesson transcripts based on SOLO Taxonomy (Meera and 

Revati,2016) 

6. Lesson transcripts based on Revised Bloom’s Taxonomy (Meera 

and Revati,2016) 

7. Lesson transcripts based on Mc Cormack and Yager’s Taxonomy 

(Meera and Revati,2016) 

Statistical Techniques employed 

• Descriptive statistics like Mean, Median, Mode, Standard 

deviation 

• Test of significance of difference between the means cores of 

three dependent groups 

• Analysis of Variance (ANOVA) followed by Sheffe post hoc test 

• Analysis of Co- Variance (ANCOVA) 

FINDINGS OF THE STUDY  

1. To find out the effectiveness of an instruction based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude of secondary school 

students. 

Instructions based on SOLO taxonomy, Revised Bloom’s  

Taxonomy and Mc Cormack and Yager’s Taxonomy is effective for the 

development of Scientific Attitude among Secondary school students. 

This conclusion is arrived based on the following statistical inference. 

While comparing the pre test and post test mean score, the 

obtained‘t’ value is 6.82, in the experimental Group I, 10.45 for the 

experimental Group II and 18.09, for experimental Group III. All the ‘t’ 
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values are significant at 0.01 levels of significance. Considering the 

mean gain scores of Scientific Attitude for Experimental group I 

(SOLO) and Experimental Group II (Revised Bloom’s) the ‘t’ value is 

2.34, and gain scores of Scientific Attitude for Experimental group II 

and Experimental Group III, the obtained ‘t’ value is 9.74 and gain 

scores of Scientific Attitude for Experimental group I and Experimental 

Group III the ‘t’ value is 4.33. All these‘t’ value are significant. And 

obtained ‘F’ for the Error is 46.723 which is highly significant at 0.01 

level of significance (p<0.01), more over the obtained mean difference 

between Revised Bloom’s Taxonomy with SOLO Taxonomy is 11.193 

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

Taxonomy is 27.02. Both differences are highly significant. In the case 

of SOLO with Mc Cormack and Yager’s Taxonomy, also the mean 

difference (15.83) is highly significant. Among the mean differences, 

Mc Cormack and Yager’s Taxonomy have high difference compared to 

SOLO and Revised Bloom’s. So it can be concluded that Mc Cormack 

and Yager’s Taxonomy is more effective to develop Scientific Attitude 

among secondary school students and then comes SOLO Taxonomy for 

developing Scientific Attitude. These findings confirm the conclusions 

of Neil and Rita (2011). From the present study, it was found that 

Revised Bloom’s Taxonomy comes below the other two taxonomies in 

developing Scientific Attitude among secondary school students.  

From this statistical observation, it can be concluded that Mc 

Cormack and Yager’s Taxonomy is highly effective to develop 

Scientific Attitude among secondary school students and then comes 

SOLO Taxonomy. 
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2. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Creativity of secondary school 

students. 

Instructions based on SOLO taxonomy, Revised Bloom’s 

Taxonomy and Mc Cormack and Yager’s Taxonomy is effective to 

develop Scientific Creativity among secondary school students. This 

conclusion was arrived based on the following statistical inference. 

While comparing the pre test and post test mean score, the 

obtained ‘t’ value is 11.87 in the experimental Group I ,the obtained ‘t’  

value is 12.12, in experimental Group II, and the obtained ‘t’ value is 

13.04, for experimental Group III. All the ‘t’ values are significant at 

0.01 level of significance. The mean gain score scores of Scientific 

Creativity of Experimental group I (SOLO) and Experimental Group II 

(Revised Bloom’s), the ‘t’ value is .259, which is not significant 

(p>0.05) and gain scores of Scientific Creativity of Experimental group 

II and Experimental Group III, the obtained  ‘t’ value is 3.94 and gain 

scores of Scientific Creativity of Experimental group I and Experimental 

Group III, the ‘t’ value is 3.72. Both ‘t’ values were significant. And 

obtained ‘F’ for the Error is 50.25 which is highly significant at 0.01 

level of significance (p<0.01). Moreover the obtained mean difference is 

significant between Revised Bloom’s Taxonomy with SOLO Taxonomy 

(.816) and Revised Bloom’s Taxonomy with Mc Cormack and Yager’s 

Taxonomy is 6.52. Both differences are highly significant. In the case of 

SOLO with Mc Cormack and Yager’s Taxonomy also, the mean 

difference (7.33) is highly significant. Among the mean differences Mc 

Cormack and Yager’s Taxonomy have high difference compared to 

SOLO and Revised Bloom’s  Taxonomy. This finding supports the 

results of David (2011)  and Uger (2015).  So it can be concluded that 

Mc Cormack and Yager’s Taxonomy is more effective to develop 
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Scientific Creativity among secondary school students and then comes 

Revised Bloom’s Taxonomy. From the present study, it was found that 

SOLO Taxonomy comes below the other two taxonomies in developing 

Scientific Creativity among secondary school students. 

From this statistical observation, it can be concluded  that Mc 

Cormack and Yager’s Taxonomy is more effective to develop Scientific 

Creativity among secondary school students followed by Revised 

Bloom’s Taxonomy and SOLO Taxonomy.  

3. To find out the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s  Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Metacognitive Awareness of secondary 

school students. 

Instructions based on SOLO taxonomy, Revised Bloom’s 

Taxonomy and Mc Cormack and Yager’s Taxonomy is effective to 

develop Metacognitive Awareness  among  secondary school students. 

This conclusion was arrived based on the following statistical inference. 

            While comparing the pre test and post test mean score, the 

obtained‘t’ value is 13.58, in the Experimental Group I, the obtained ‘t’ 

value is 14.33 for the Experimental Group II and the obtained ‘t’  value 

is 8.54, for experimental Group III. All the ‘t’ values are significant at 

0.01 level of significance (p<0.01). The mean gain score scores of 

Metacognitive Awareness of Experimental group I (SOLO) and 

Experimental Group II (Revised Bloom’s), the ‘t’ value is 3.64, and gain 

scores of Metacognitive Awareness of Experimental group II and 

Experimental Group III, the obtained  ‘t’ value is .85 which is not 

significant (p>0.05) and gain scores of Metacognitive Awareness of 

Experimental group I and Experimental Group III the t value is 3.83 ; 
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both ‘t’ values are significant. The obtained ‘F’ for the Error is 42.17; 

which is highly significant at 0.01 level of significance (p<0.01). 

Moreover the obtained mean difference is significant between SOLO 

Taxonomy with Revised Bloom’s Taxonomy is 12.80, and SOLO with 

Mc Cormack and Yager’s Taxonomy is 24.07. Both differences are 

highly significant. In the case of Revised Bloom’s Taxonomy with Mc 

Cormack and Yager’s Taxonomy also, the mean difference (11.26) is 

highly significant. Among the mean differences Mc Cormack and 

Yager’s Taxonomy have high difference compared to SOLO and 

Bloom’s. So it can be concluded that SOLO Taxonomy is highly 

effective to develop Metacognitive Awareness among secondary school 

students and then Mc Cormack and Yager’s Taxonomy and Revised 

Bloom’s Taxonomy which have same level of Metacognitive 

Awareness. From the present study, it is found that Mc Cormack and 

Yager’s Taxonomy comes below the other two taxonomies in 

developing Metacognitive Awareness among secondary school students. 

These findings confirm the conclusions of Miranda (2008), Carolyn 

(2009),  Brown (2013) and  Canfield (2016).   

               From this statistical observation, it can be concluded that 

SOLO Taxonomy is highly effective to develop Metacognitive 

Awareness among secondary school students and then Revised Bloom’s 

Taxonomy followed by Mc Cormack and Yager’s Taxonomy. 

4. To compare the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s  Taxonomy and Mc Cormack and 

Yager’s Taxonomy on Scientific Attitude, Scientific Creativity 

and Metacognitive Awareness of secondary school students. 

Instructions based on SOLO taxonomy, Revised Bloom’s 

Taxonomy and Mc Cormack and Yager’s Taxonomy was effective to 

develop Scientific Attitude, Scientific Creativity and Metacognitive 
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Awareness among secondary school students. This conclusion is arrived 

based on the following statistical inference. 

The obtained ‘F’ for the Error of Scientific Attitude is 40.69, 

Scientific Creativity is 53.67 and Metacognitive Awareness is 40.65, 

which  are highly significant at 0.01 level of significance (p.<0.01). That 

means after the intervention of instructions based on Revised Bloom’s 

Taxonomy, SOLO taxonomy, and Mc Cormack and Yager’s Taxonomy; 

it was proved that these taxonomies are effective for developing 

Scientific Attitude, Scientific Creativity and Metacognitive Awareness 

among secondary school students. More over all the mean difference is 

significant except Revised Bloom’s Taxonomy with SOLO taxonomy 

(p>0.05) in the case of Scientific Creativity. That means all the 

taxonomy is effective for developing Scientific Attitude, Scientific 

Creativity and Metacognitive Awareness. Mc Cormack and Yager’s 

Taxonomy is the most  effective taxonomy  to develop Scientific 

Attitude among secondary school students and then comes SOLO 

Taxonomy for developing Scientific Attitude. It is found that Revised 

Bloom’s Taxonomy comes below the other two taxonomies in 

developing Scientific Attitude among secondary school students. Mc 

Cormack and Yager’s Taxonomy is effective to develop Scientific 

Creativity among secondary school students and then comes Revised 

Bloom’s  Taxonomy for developing Scientific Creativity. It is found that 

SOLO Taxonomy comes below the other two taxonomies in developing 

Scientific Creativity among secondary school students. SOLO 

Taxonomy is highly effective to develop Metacognitive Awareness 

among secondary school students and then comes Revised Bloom’s  

Taxonomy and Mc Cormack and Yager’s Taxonomy which have almost 

same level of Metacognitive Awareness. It was found that Mc Cormack 
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and Yager’s Taxonomy comes below the other two taxonomies in 

developing Metacognitive Awareness among secondary school students. 

Tenability of the Hypothesis 

The tenability of hypotheses was examined in the light of the 

above findings. The details are as follows. 

1. The first hypothesis states that there will be no significant 

difference between the mean Pre test scores of Experimental 

group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s  Taxonomy) and Experimental group 

III (Group receiving instruction based on Mc Cormack and 

Yager’s Taxonomy) for Scientific Attitude of secondary school 

students.  

Data and result of pre test scores of Scientific Attitude in each 

Experimental Group shows that the obtained ‘F’ value is 1.44, which is 

not significant at 0.05 level of significance (p>0.05). This shows that 

there is no significant differences in the pre test mean scores among the 

students in each experimental group. Therefore all the three 

experimental groups do not differ significantly in their Scientific 

Attitude. So it is inferred that, before the intervention, three groups 

were more or less same in Scientific Attitude. So the hypothesis is 

accepted; that means there is no difference among the mean pre test 

scores of Experimental group I (Group receiving instruction based on 

SOLO Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s  Taxonomy) and Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) for Scientific Attitude of secondary school students. 
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2. There will be no significant difference between the mean post test 

scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Attitude of s econdary 

school students. 

The obtained ‘F’ value is 40.69 which is significant at 0.01 level 

of significance (p<0.01). This shows that there is significant difference 

in the post test means scores of Scientific Attitude in each experimental 

group. Therefore the all three experiment groups differ significantly in 

their Scientific Attitude after the intervention. So it is inferred that after 

the intervention three groups differ in Scientific Attitude. So the 

hypothesis is rejected that  there will be no significant difference among 

the mean post test scores of Experimental group I (Group receiving 

instruction based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s Taxonomy), 

Experimental group III (Group receiving instruction based on Mc 

Cormack and Yager’s Taxonomy) for Scientific Attitude among 

secondary school students . 

3. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

I  

Data and result of pre test and post test scores Scientific Attitude 

in Experimental Group I shows that the obtained ‘t’ value is 6.82, which 

is highly significant at 0.01 level of significance. That means there exist 

a significant difference between pre test and post test mean scores in the 

SOLO Taxonomy group. Since the mean of post test, 181.03 is greater 

than that of the pre test mean 158.66; it is inferred that instruction based 

on the SOLO Taxonomy is effective in developing the Scientific 

Attitude. So the hypothesis, there will be no significant difference 
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between the mean pre test and post test scores of Scientific Attitude of 

Experimental group II is rejected. 

4. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

II  

Data and result of pre test and post test scores of Scientific 

Attitude in Experimental Group II shows that the obtained ‘t’ value is 

10.45, which is highly significant at 0.01 level of significance. It  means 

that there exists a significant difference between pre test and post test 

mean scores in the Revised Bloom’s  Taxonomy group. Since the mean 

of post test 167.47 is greater than that of pre test mean 152.96, it is 

inferred that instruction based on the Revised Bloom’s Taxonomy is 

effective in developing Scientific Attitude. So the hypothesis, there will 

be no significant difference between the mean pre test and post test 

scores of Scientific Attitude of Experimental group II is rejected. 

5. There will be no significant difference between the mean pre test 

and post test scores of Scientific Attitude of Experimental group 

III 

Data and result of pre test and post test scores of Scientific 

Attitude in the Experimental Group III shows that the obtained ‘t’ value 

is 18.09, which is highly significant at 0.01 level of significance;  which  

means, there exists a significant difference between pre test and post test 

mean scores in the Mc Cormack and Yager’s Taxonomy  group. Since 

the mean of post test 195.67, is greater than that of the pre test mean 

155.79, it is inferred that instruction based on the SOLO Taxonomy is 

effective in  developing Scientific Attitude. So the hypothesis, there will 
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be no significant difference between the mean pre test and post test 

scores of Scientific Attitude of Experimental group III is rejected.  

6. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group II  

Data and result of pre test and post test gain scores of Scientific 

Attitude of Experimental group I (SOLO) and Experimental Group II 

(Revised Bloom’s) shows that the obtained ‘t’ value is 2.34, which is 

highly significant at 0.05 level of significance that means, there exists a 

significant difference between mean gain scores of Revised Bloom’s  

Taxonomy Group and SOLO Taxonomy Group. Since the mean gain of 

SOLO Taxonomy group, 22.81  is greater than that of the mean gain of 

Revised Bloom’s Taxonomy 14.51; it is inferred that students from 

SOLO Taxonomy group have high gain in their Scientific Attitude. So 

the hypothesis, there will be no significant difference between the mean 

Gain scores of Scientific Attitude of Experimental group I and 

Experimental Group II is rejected.  

7. There will be no significant difference between the mean gain 

scores of Scientific Attitude of Experimental group II and 

Experimental Group III.  

Data and result of pre test and post test gain scores of Scientific 

Attitude among Experimental group II and Experimental Group III 

shows that the obtained ‘t’ value is 9.74, which is highly significant at 

0.01 level of significance. That means; there exists a significant 

difference between mean gain scores among the Revised Bloom’s 

Taxonomy and Mc Cormack and Yager’s Taxonomy group. Since the 

mean gain of Mc Cormack and Yager’s Taxonomy group, 39.88 is 
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greater than that of the mean gain of Revised Bloom’s Taxonomy 14.51, 

it is inferred that students from Mc Cormack and Yager’s Taxonomy 

group have high gain in their Scientific Attitude score. So the 

hypothesis, there will be no significant difference between the mean 

gain scores of Scientific Attitude of Experimental group II and 

Experimental Group III is rejected. 

8. There will be no significant difference between the mean Gain 

scores of Scientific Attitude of Experimental group I and 

Experimental Group III 

Data and result of pre test and post test gain scores of Scientific 

Attitude among Experimental group I and Experimental Group III 

shows that the obtained ‘t’ value is 4.33, which is highly significant at 

0.01 level of significance. That means there exists a significant 

difference between mean gain scores of SOLO and Mc Cormack and 

Yager’s Taxonomy group. Since the mean gain of Mc Cormack and 

Yager’s Taxonomy group 39.88, is greater than that of the mean gain of 

SOLO, 22.81; it is inferred that students from Mc Cormack and Yager’s 

Taxonomy group have high gain in their Scientific Attitude score. So the 

hypothesis, there will be no significant difference between the mean 

gain scores of Scientific Attitude of Experimental group I and 

Experimental Group III is rejected. 

9. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s  Taxonomy) and 

Experimental group III (Group receiving instruction  based on 

Mc Cormack and Yager’s Taxonomy) for Scientific Creativity 

of secondary school students 
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 Data and result of pre test scores of Scientific Creativity in each 

Experimental Group shows that the obtained ‘F’ value is 2.18, which is 

not significant at 0.05 level of significance (p>0.05). This shows that 

there is no significant differences in the pre  test mean scores of students 

in each experimental group. Therefore all the three experimental groups 

do not differ significantly in their Scientific Creativity. So it is inferred 

that, before the intervention, three groups were more or less same in 

Scientific Creativity. So the hypothesis is accepted; that means there is 

no difference among the mean pre test scores of Experimental group I 

(Group receiving instruction based on SOLO Taxonomy), Experimental 

group II (Group receiving instruction based on Revised Bloom’s  

Taxonomy) and Experimental group III (Group receiving instruction 

based on Mc Cormack and Yager’s Taxonomy) for Scientific Creativity 

among secondary school students. 

10. There will be no significant difference between the mean post 

test scores of Experimental group I, Experimental group II, and 

Experimental group III for Scientific Creativity of  secondary 

school students. 

Data and result of post test scores of Scientific Creativity in the 

each experimental group shows that the obtained ‘F’ value  is 53.67  

which is significant at 0.01 level of significance (p<0.01). This shows 

that there is a significant difference in the post test means scores of the 

students in the each experimental group. Therefore the all three 

experiment groups differ significantly in their scientific Creativity after 

the intervention . So it is inferred that after the intervention three groups 

differ significantly in their Scientific Creativity. So the hypothesis is 

rejected that, there will be no significant difference among the mean 

post test scores of Experimental group I , Experimental group II 
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,Experimental group III for Scientific Creativity of secondary school 

students. 

11. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group I.  

Data and result of pre test and post test scores Scientific 

Creativity in Experimental Group I shows that the obtained ‘t’ value is 

11.87, which is highly significant at 0.01 level of significance; that 

means there exists a significant difference between pre test and post test 

mean scores in the SOLO Taxonomy. Since the mean of post test 18.56 

is greater than that of pre test mean 27.71, it is inferred that instruction 

based on the SOLO Taxonomy is effective in developing Scientific 

Attitude. So the hypothesis, there will be no significant difference 

between the mean pre test and post test scores of Scientific Creativity of 

Experimental group II is rejected.  

12. There will be no significant difference between the mean Pre 

test and Post test scores of Scientific Creativity of Experimental 

group II   

Data and result of pre test and post test scores of Scientific 

Creativity in Experimental Group I shows that the obtained ‘t’ value is 

12.12, which is highly significant at 0.01 level of significance; that 

means there exist a significant difference between pre test and post test 

mean scores of Revised Bloom’s  Taxonomy group. Since the mean of 

post test score, 28.61 is greater than that of the pre test mean 19.17, it is 

inferred that instruction based on the Revised Bloom’s Taxonomy is 

effective in developing Scientific Creativity. So the hypothesis, there 
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will be no significant difference between the mean pre test and post test 

scores of Scientific Creativity of Experimental group II is rejected. 

13. There will be no significant difference between the mean pre test 

and post test scores of Scientific Creativity of Experimental 

group III  

Data and result of pre test and post test scores Scientific 

Creativity in the Experimental Group III shows that the obtained ‘t’ 

value is 13.04, which is highly significant at 0.01 level of significance,  

that means there exists a significant difference between pre test and post 

test mean scores among  the Mc Cormack and Yager’s Taxonomy  

group. Since the mean of post test 35.37, is greater than that of the pre 

test mean 20.89, it is inferred that instruction based on the SOLO 

Taxonomy is effective in developing Scientific Attitude. So the 

hypothesis, there will be no significant difference between the mean pre 

test and post test scores of Scientific Creativity of Experimental group 

III is rejected.  

14. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group II 

 Data and result of pre test and post test gain scores of Scientific 

Creativity of Experimental group I (SOLO) and Experimental Group 

II(Bloom’s) shows that the obtained ‘t’ value is .259, is not significant at 

0.05 level of significance; that means, there exists no significant 

difference between mean gain scores of Revised Bloom’s  Taxonomy 

Group and SOLO Taxonomy Group in their Scientific Creativity. So the 

hypothesis, there will be no significant difference between the mean 
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Gain scores of Scientific Creativity of Experimental group I and 

Experimental Group II is rejected.  

15. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group I and 

Experimental Group III  

Data and result of pre test and post test gain scores of Scientific 

Creativity among Experimental group I and Experimental Group III 

shows that the obtained ‘t’ value is 3.72, which is highly significant at 

0.01 level of significance. It means that there exist a significant 

difference between mean gain scores among SOLO and Mc Cormack 

and Yager’s Taxonomy group. Since the mean gain of Mc Cormack and 

Yager’s Taxonomy group 14.4, is greater than that of the mean gain of 

SOLO 9.4, it is inferred that students from Mc Cormack and Yager’s 

Taxonomy group have high gain in their Scientific Creativity score. So 

the hypothesis, there will be no significant difference between the mean 

Gain scores of Scientific Creativity of Experimental group I and 

Experimental Group III is rejected. 

16. There will be no significant difference between the mean gain 

scores of Scientific Creativity of Experimental group II and 

Experimental Group III 

Data and result of pre test and post test gain scores of Scientific 

Creativity among Experimental group II and Experimental Group III 

shows that the obtained ‘t’ value is 3.94, which is highly significant at 

0.01 level of significance. That means there exists a significant 

difference between mean gain scores in Revised Bloom’s Taxonomy 

and Mc Cormack and Yager’s Taxonomy group. Since the mean gain of 

Mc Cormack and Yager’s Taxonomy group, 14.4 is greater than that of 
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the mean gain of Revised Bloom’s Taxonomy 9.15, it is inferred that 

students from Mc Cormack and Yager’s Taxonomy group have high 

gain in their Scientific Creativity score. So the hypothesis, there will be 

no significant difference between the Mean Gain scores of Scientific 

Creativity of Experimental group II and Experimental Group III is 

rejected. 

17. There will be no significant difference between the mean pre test 

scores of Experimental group I (Group receiving instruction 

based on SOLO Taxonomy), Experimental group II (Group 

receiving instruction based on Revised Bloom’s  Taxonomy) and 

Experimental group III (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 Metacognitive Awareness in 

each Experimental Group shows that the obtained ‘F’ value, 1.83 which 

is not significant at 0.05 level of significance (p>0.05). This shows that 

there is no significant differences in the pre test mean scores among the 

students in each experimental group. Therefore all the three 

experimental groups do not differ significantly in their Metacognitive 

Awareness. So it is inferred that, before the intervention, three groups 

were more or less same in Metacognitive Awareness. So the hypothesis 

is accepted; that means there is no difference among the mean pre test 

scores of Experimental group I (Group receiving instruction based on 

SOLO Taxonomy), Experimental group II (Group receiving instruction 

based on Revised Bloom’s  Taxonomy) and Experimental group III 

(Group receiving instruction based on Mc Cormack and Yager’s 

Taxonomy) for Metacognitive Awareness of secondary school students. 
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18. There will be no significant difference between the mean post 

test scores of Experimental group I, Experimental group II, and 

Experimental group III for Metacognitive Awareness of 

secondary school students. 

The obtained ‘F’ value is 40.65 which is significant at 0.01 level 

of significance (p<0.01). This shows that there is a significant difference 

in the post test means scores of the students in the each experimental 

group. Therefore the all the three experiment groups differ significantly 

in their Metacognitive Awareness after the intervention. So it is inferred 

that after the intervention three groups differ significantly in their 

Metacognitive Awareness. So the hypothesis is rejected that means there 

is  no significant difference among the mean post test scores of 

Experimental group I (Group receiving instruction based on SOLO 

Taxonomy), Experimental group II (Group receiving instruction based 

on Revised  Bloom’s Taxonomy) and Experimental group III (Group 

receiving instruction based on Mc Cormack and Yager’s Taxonomy) for 

Metacognitive Awareness of secondary school students. 

19. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group I 

Data and result of pre test and post test scores of Metacognitive 

Awareness in Experimental Group I shows that the obtained ‘t’ value, 

13.58, which is highly significant at 0.01 level of significance. That 

means there exist a significant difference between pre test and post test 

mean scores in the SOLO Taxonomy group. Since the mean of post test 

322.24, is greater than that of the pre test mean 271.04, it is inferred that 

instruction based on the SOLO Taxonomy is effective in developing the 

Metacognitive Awareness. So the hypothesis, there will be no 
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significant difference between the mean pre test and post test scores of 

Metacognitive Awareness of Experimental group I is rejected. 

20. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group II  

Data and result of pre test and post test scores of Metacognitive 

Awareness in Experimental Group I shows that the obtained ‘t’ value is 

14.33, which is highly significant at 0.01 level of significance. It means 

that, there exists a significant difference between pre test and post test 

mean scores in the Revised Bloom’s  Taxonomy group. Since the mean 

of post test 310.29, is greater than that of pre test mean 275.44, it is 

inferred that instruction based on the Revised Bloom’s  Taxonomy is 

effective in developing Metacognitive Awareness. So the hypothesis, 

there will be no significant difference between the mean pre test and 

post test scores of Metacognitive Awareness of Experimental group II is 

rejected.  

21. There will be no significant difference between the mean pre test 

and post test scores of Metacognitive Awareness of 

Experimental group III   

Data and result of pre test and post test scores of Metacognitive 

Awareness in the Experimental Group III shows that the obtained ‘t’ 

value is 8.54, which is highly significant at 0.01 level of significance. It 

means that, there exists a significant difference between pre test and post 

test mean scores in the Mc Cormack and Yager’s Taxonomy group. 

Since the mean of post test 297.21 is greater than that of the pre test 

mean 266.11, it is inferred that instruction based on the SOLO 

Taxonomy is effective in developing Metacognitive Awareness. So the 
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hypothesis, there will be no significant difference between the mean pre 

test and post test scores of Metacognitive Awareness of Experimental 

group III is rejected. 

22. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group II  

Data and result of pre test and post test gain scores of 

Metacognitive Awareness of Experimental group I (SOLO) and 

Experimental Group II (Revised Bloom’s) shows that the obtained ‘t’ 

value is 3.64, which is significant at 0.01 level of significance. It means 

that; there exists significant difference between mean gain scores of 

Revised Bloom’s Taxonomy Group and SOLO Taxonomy Group in 

their Metacognitive Awareness. The obtained mean score of SOLO 

taxonomy 51.2, is greater than the mean score of Revised Bloom’s 

Taxonomy 34.84. So it is inferred that students from SOLO group have 

high level of Metacognitive Awareness. So the hypothesis, there will be 

no significant difference between the mean gain scores of Metacognitive 

Awareness of Experimental group I and Experimental Group II is 

rejected. 

23. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group I and 

Experimental Group III  

Data and result of pre test and post test gain scores of Metacognitive 

Awareness among Experimental group I and Experimental Group III 

shows that the obtained ‘t’ value is 3.83, which is highly significant at 

0.01 level of significance. It means that; there exists a significant 

difference between mean gain scores among SOLO and Mc Cormack 
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and Yager’s Taxonomy group. Since the mean gain of SOLO Taxonomy 

group 51.2, is greater than that of the mean gain of Mc Cormack and 

Yager’s 31.1, it is inferred that students from Mc Cormack and Yager’s 

Taxonomy group have high gain in their Metacognitive Awareness 

score. So the hypothesis, there will be no significant difference between 

the mean gain scores of Metacognitive Awareness of Experimental 

group I and Experimental Group III is rejected. 

24. There will be no significant difference between the mean gain 

scores of Metacognitive Awareness of Experimental group II and 

Experimental Group III  

Data and result of pre test and post test gain scores of 

Metacognitive Awareness among Experimental group II and 

Experimental Group III shows that the obtained ‘t’ value is .85, which is 

not  significant at 0.05 level of significance. It means  that; there exists 

no significant difference between mean gain scores in the Revised 

Bloom’s Taxonomy and Mc Cormack and Yager’s Taxonomy group. So 

the hypothesis, there will be no significant difference between the mean 

gain scores of Metacognitive Awareness of Experimental group II and 

Experimental Group III is accepted. 

Conclusions 

The obtained mean difference for Scientific Attitude is significant 

between the groups taught using   Revised Bloom’s Taxonomy with 

SOLO Taxonomy, Revised Bloom’s Taxonomy with Mc Cormack and 

Yager’s Taxonomy and SOLO with Mc Cormack and Yager’s 

Taxonomy. Among the mean differences Mc Cormack and Yager’s 

Taxonomy have high difference compared to SOLO and Bloom’s. So it 

can be concluded that Mc Cormack and Yager’s Taxonomy is the most  
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effective taxonomy  to develop Scientific Attitude among secondary 

school students and then comes SOLO Taxonomy for developing 

Scientific Attitude. From the present study, it is found that Revised 

Bloom’s Taxonomy comes below the other two taxonomies in 

developing Scientific Attitude among secondary school students. 

While exploring the Effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and Yager’s 

Taxonomy on Scientific Creativity of secondary school students; the 

obtained mean difference is significant between Revised Bloom’s 

Taxonomy with SOLO Taxonomy, Revised Bloom’s Taxonomy with 

Mc Cormack and Yager’s Taxonomy and  SOLO with Mc Cormack and 

Yager’s Taxonomy. Among the mean differences Mc Cormack and 

Yager’s Taxonomy have high difference compared to SOLO and 

Bloom’s. So it can be concluded that Mc Cormack and Yager’s 

Taxonomy is effective to develop Scientific Creativity among secondary 

school students and then comes Revised Bloom’s  Taxonomy for 

developing Scientific Creativity. From the present study, it was found 

that SOLO Taxonomy comes below the other two taxonomies in 

developing Scientific Creativity among secondary school students. 

Investigations to find out the effectiveness of instructions based 

on SOLO taxonomy, Revised Bloom’s  Taxonomy and Mc Cormack 

and Yager’s Taxonomy on Metacognitive Awareness of secondary 

school students showed that, obtained mean difference is significant 

between SOLO Taxonomy with Bloom’s and SOLO with Mc Cormack 

and Yager’s Taxonomy. Among the mean differences SOLO Taxonomy 

have high difference compared to Mc Cormack and Yager’s and 

Bloom’s. So it can be concluded that SOLO Taxonomy is highly 

effective to develop Metacognitive Awareness among secondary school 
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students and then comes Mc Cormack and Yager’s Taxonomy and 

Revised Bloom’s Taxonomy, which have almost same level of 

Metacognitive Awareness. From the present study, it was found that Mc 

Cormack and Yager’s Taxonomy comes below the other two 

taxonomies in developing Metacognitive Awareness among secondary 

school students. 

Comparison of the effectiveness of instructions based on SOLO 

taxonomy, Revised Bloom’s Taxonomy and Mc Cormack and Yager’s 

Taxonomy on Scientific Attitude, Scientific Creativity and 

Metacognitive Awareness of secondary school students revealed that all 

the taxonomies are effective to develop Scientific Attitude, Scientific 

Creativity and Metacognitive Awareness of Secondary School students. 

Educational Implications 

In the present study the objective was to find out the 

“Effectiveness 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”. The 

findings of the study point out some important facts that require the 

attention of the educational practitioners. The implications of the study 

are outlined below. 

Education is one of the most important aspects of human 

development and comprises the most influential social institution in any 

society (Baytak &Akbiyik, 2012). In general, education aims to transmit 

a common set of beliefs, values, norms and understanding from the adult 

generation to the youth. Educational taxonomy help teachers to identify 

the learning expected from the student. The value of using educational 

taxonomies in the development of learning outcomes represents a tool 
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for planning, implementing and assessing instruction. Educational 

taxonomy provides educators with a common frame of reference that 

classifies various types of learning outcomes. In addition, it illustrates 

the wide array of learning outcomes that can be included in any given 

instructional area (Almarico& Baker 2004). Present study provides a 

clear reference on what type of teaching methodologies are suitable for 

developing science related learning objectives, since it serves as a 

common language about learning goals to facilitate communication 

across persons, subject areas and grade levels.  

An objective is a goal or endpoint of something towards which 

actions are directed. Objectives generally indicate the end points of a 

journey. They specify where you want to be or what you intended to 

achieve at the end of a process. An educational objective is that which a 

specific educational instruction is expected to make or accomplish. It is 

the outcome of any educational instruction. It is the purpose for which 

any particular educational undertaking is carried out. Present study 

suggests relevance of educational taxonomy for the attainment of 

science related learning outcomes since objective based instruction is 

the backbone of any type of education. 

Schools are the institutions consciously created to ensure 

desirable changes in human behaviour towards ultimate realization of 

the national goals. They have to make conscious efforts to ensure the 

attainment of educational goals. This can be done through a systematic 

translation of objectives and then to instructional objectives. Here 

instructional objectives are stated in a form by which they have to be 

operated in the class room. They are therefore referred to as instructional 

objectives. They are specifically based on the intended learning 

outcomes. The findings of the study revealed that writing of learner 
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centred educational objectives helps to develop science related learning 

objectives. These instructional objectives are therefore stated in 

behavioural terms, which the learner will exhibit in order to show that 

he has learnt. 

Instructional objectives are very important component of 

teaching system, as they provide necessary feedback for the adjustment 

of curriculum, teaching method, teaching aids and assessment. They also 

show how much appropriate the curriculum is. Learning taxonomies are 

valuable tool for classifying learning objectives. Educational taxonomy 

is a helpful and frequently used resource to write student learning 

outcomes. The major idea of the taxonomy is that what educators want 

students to know can be arranged in a hierarchy from less to more 

complex. The levels are successive, so that one level is mastered before 

the next level can be reached. Present investigation revealed that the 

arrangement of learning experiences according to the learning objectives 

in educational taxonomies is effective to bring about desired learning 

outcomes. Study also found out that, even though the three taxonomies 

are suitable for the accomplishment of science related learning outcome, 

SOLO Taxonomy is the best one to develop cognition about learning.  

In science education, taxonomies are very important for 

achieving science related process and product outcomes. So educational 

taxonomy is that platform upon which scientific ideas can be framed in 

an effective way. In the absence of a proper taxonomy teachers and 

students will be mislead towards their journey for the attainment of 

scientific knowledge and processes. Study indicated that all the three 

taxonomies are effective to develop Scientific Attitude and Scientific 

Creativity, and Metacognitive Awareness. Mc Cormack and Yager’s 

taxonomy is the best taxonomy to develop Scientific Attitude and 
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Scientific Creativity, among secondary school students and SOLO 

Taxonomy proved to be the best taxonomy compared to other two 

taxonomy for developing Metacognition. 

As there is no emphasis on Scientific Creativity, Scientific 

Attitude and Metacognition in secondary school science classes, it is 

necessary to incorporate the relevant aspects of Scientific Attitude and 

Scientific Creativity in secondary school science curriculum. Teaching 

science should be in such a way, that it helps a student to develop 

scientific approach towards life. Inculcation of values like spirit of 

enquiry, courage to question, objectivity, honesty and truthfulness, 

which are the precursors of the development of good citizen in the 

society. Science education will be strengthened so as to develop well 

defined abilities and values, such as the spirit of enquiry, creativity, 

objectivity, the courage to question and an aesthetic sensibility. Science 

education programme will be designed to enable the learner to acquire 

problem solving and decision making skills and to discover the 

relationship of science with health, agriculture, industry and other 

aspects of daily life. Every effort should  be made to internalise science 

education to the vast numbers who have remained outside the pale of 

formal education. 

Present study indicated that teachers should apply a process 

product description in teaching methods to make a difference in student 

outcome. Scientific activities which require exploration of non reading 

nature should be carried out by individual or small groups of students. 

Teaching methods should be changed from teacher centred to pupil 

centred approaches like heuristic method, assignment method, project 

and problem solving methods, laboratory and experimental methods, 

discussion methods, etc. Preparation of new syllabus and instructional 
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materials and steps to improve teacher training programmes must be 

emphasized. Due to the limited financial resources of our country, it will 

be beneficial to provide combined lecture hall cum laboratory in high 

schools to facilitate the science teaching and learning in secondary 

schools. Traditional teaching aids should give way to two dimensional 

and three dimensional aids, projected and non projected aids and 

sophisticated aids like television and computer. Use of these 

technological devices makes science teaching livelier in addition to 

localized low cost and no-cost aids. 

Attitude and creativity are called the enabling domains by Mc 

Cormack and Yager. Science learning cannot occur in class rooms 

where science is not seen as fun, useful and exciting. Science class 

should consider student interests, ideas, problem identification, and 

solutions, which will encourage, each student. Teachers should be 

encouraged to adapt realistic methods of teaching science and thereby 

assuring active involvement of their students in science related 

processes, leading to a thorough understanding of the subject matter. 

Preparation of new syllabus and instructional materials, and steps to 

improve teacher-training programmes must be emphasized.  

As advocated by Yager, constructivism has evolved as one of the 

prominent learning theories in the broad field of education. 

Constructivist approach pursues an authentic learning environment in 

which students are actively engaged in their own enquiries into 

problems relevant to them. It stresses communication and collaboration 

with peers and with their teacher. Traditional approaches will create a 

negative attitude to science classes. Therefore, science classes should be 

carried out in a constructivist learning environment to develop Scientific 
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Creativity and Scientific Attitude as implied in Mc Cormack and 

Yager’s taxonomy. 

Mc Cormack and Yager’s taxonomy says that science process 

skills have to be included in science classrooms as part of the learning 

activities. Through these processes, students connect their every day 

experiences with their science topics which make  science more reliant 

and it stimulates Scientific Attitude, Scientific Creativity and 

Metacognitive Awareness among them. Activities should be planned in 

such a way as to engage students in inquiry oriented life related learning 

situations, for this a teacher should integrate various resources including 

other subjects of study in science class rooms with social relevance. 

Teachers are the key agents who can use creative approach to science 

learning by which they can inculcate Scientific Creativity, Scientific 

Attitude and Metacognitive Awareness among their children.  

Student’s knowledge of their own cognition helps to regulate 

their intellectual processes. The present investigation suggests that 

SOLO Taxonomy provides a good platform for developing 

metacognitive abilities compared to Revised Bloom’s Taxonomy and 

Yager’s; as it goes through pre structural, uni structural, multi structural, 

and extended abstract stages. Learner develops an outlook about their 

learning which enhances the ability for metacognition. So it is 

recommended through the present study that teachers should include 

metacognitive and reflective thinking strategies in everyday learning 

situations. Use of discovery learning strategies, inductive thinking 

strategies, questioning etc. can improve metacognitive abilities of 

students. 

Science education should be strengthened so as to develop well 

defined abilities and values, such as the spirit of enquiry, creativity, 
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objectivity, the courage to question and an aesthetic sensibility. Science 

education programme should be designed to enable the learner to 

acquire problem solving and decision making skills and to discover the 

relationship of science with health, agriculture, industry and other 

aspects of daily life. Every effort should be made to internalise science 

education to the vast numbers who have remained outside the pale of 

formal education. Providing a combined lecture hall cum laboratory in 

high schools will facilitate the science teaching and learning in 

secondary schools. Use of two dimensional and three dimensional aids, 

will make science teaching livelier in addition to localized low cost and 

no-cost aids. Science learning cannot occur in class rooms where 

science is not seen as fun, useful and exciting. Science class should 

consider student interests, ideas, problem identification, and solutions, 

which will encourage, each student. Teachers should be encouraged to  

adapt realistic methods of teaching science and thereby assuring active 

involvement of  their students in Science related processes, leading to a 

thorough understanding of the subject matter. Activities should be 

planned in such a way as to engage students in inquiry oriented life 

related learning situations, for this a teacher should integrate various 

resources including other subjects of study in science class rooms with 

social relevance. Teachers are the key agents who can use creative 

approach to science learning by which they can inculcate Scientific 

Creativity, Scientific Attitude and Metacognitive Awareness among 

their children.  

Findings of the study revealed that among the three taxonomies, 

Mc Cormack and Yager’s Taxonomy is more effective to develop 

Scientific Creativity and Scientific Attitude among secondary school 

students. Taxonomy of science education proposed by Mc Cormack and 

Yager considers creativity as one of the highest objectives. Using 
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activity centred investigatory methods in the class room is advisable 

than conventional teacher centred methods. Even though the present 

secondary school curriculum of Kerala state adopted Yager’s taxonomy 

as its base, schools find it difficult to apply it in the class rooms. As a 

result, students are far away from the expected objectives. So it is the 

need of the hour that all the officials starting from Government should 

take necessary steps for   implementing the changes demanded by the 

secondary school science curriculum. Since the present study proved 

that no single taxonomy is considered most effective to produce all the 

three desired science learning outcomes, according to the educational 

and sociological situations in Kerala, curriculum can adopt the best 

objectives from these taxonomies for the development of science related 

learning outcomes. Improving infrastructural facilities including a 

science laboratory, science library, orientation classes and workshops 

for teachers, pooling resources from all areas in the society, providing 

reference materials to teachers etc. will be beneficial for fulfilling the 

aims of science education, like development of scientific attitude, 

scientific temper, scientific creativity, metacognition, decision making, 

problem solving attitude etc. According to Dr. Abdul Kalam , the ignited 

mind of the youth is the most powerful resource on the earth, so it is our 

duty to provide the medium through which they can stand as strong 

pillars to build the future of India to its best. 

Suggestions for Further Research 

1. The present study is conducted at secondary school level. This 

study can be repeated to different other levels such as primary 

school children, higher secondary school students, graduate and 

post graduate students. 
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2. Studies can be extended to find out the effectiveness of different 

taxonomies other than the taxonomies mentioned in the study. 

3. The study can be repeated for a large number of students for a 

longer duration representing all districts in the state to ensure the 

validity of the results. 

4. Studies can be conducted for developing learning packages for 

the effective transaction of science curriculum. 

5. A survey study can be conducted to find teacher awareness about 

educational taxonomies effective for science teaching. 

6. Parallel studies can be conducted to find out the effectiveness of 

different taxonomies on other variables related to science 

education such as scientific temper, problem solving attitude and 

decision making among children. 

7. Studies can be conducted by taking a single taxonomy to find out 

its effectiveness on certain learning outcomes. 

8. Studies can be conducted to compare the science learning 

outcomes based on gender and other psycho social variables. 
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APPENDIX –I A 

SCIENTIFIC ATTITUDE SCALE (DRAFT) 
(English  Version)  

 
Each of the following statements expresses a feeling which particular people 

have towards science. You have to express on a five point scale, the extent of 
agreement between the feeling expressed in each statement 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 mark (�) against columns of each statement, which best 
indicates how closely you agree or disagree. The only correct responses are those that 
are true for you. 
 

No Statements SA A U D SD 

1 I believe that scientific theories are subject to 
change 

     

2 It is often said that science can provide answers to 
anything we want to know 

     

3 It is better to believe those superstitions which are 
difficult to prove 

     

4 I will accept an idea only when everybody agrees 
with it 

     

5 I would like to find clarifications wherever I feel 
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 I believe in superstitions which my parents follow      

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 I like to watch science related programmes in T V       

15 It is impossible to prove that superstitions are      



false 

16 I like to do science projects      

17 I cannot change superstitions because it is part of 
our culture and rituals 

     

18 I 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 It is not necessary to collect all details before 
proving an experiment 

     

21 I like to copy a project from internet rather than 
doing it 

     

22 I like to know my future through astronomers       

23 I like to copy results from my friend’s notebook      

24 It is not good to ask an opinion from a person 
who is academically lower than me 

     

25 It is good to go for clarification before approving 
an idea 

     

26 I like to talk to experts in science      

27 It is sin to reject some facts which is not 
scientifically proved ,but established by religions 

     

28 I believe that universe runs by supernatural force      

29 Scientists possess personal bias and prejudice 
during their scientific works 

     

30 I want to become a scientist in future      

31 I believe certain superstitions as true even though 
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 I will try to  prove a fact through an experiment 
than seeking an expert opinion 

     

36 Science learning is meaningless      

37 I like to read science fictions      

38 I always have curiosity to learn more about Mars      

39 It is good to quote rather than copy the work of 
scientists 

     

40 I don’t watch science related programmes on T V      

41 It is not at all interesting to find secrets of nature      



42 I like to read stories of  ghosts       

43 I like to learn science through rote learning       

44 I believe in rebirth      

45 I think my imagination fosters my creativity      

46 I believe objective observation and intellectual 
honesty is essential for scientific studies 

     

47 I like to change my opinion about a scientific fact 
only on the basis of sufficient evidence 

     

48 I always like to do scientific experiments      

49 I find it interesting to search reasons behind 
natural phenomena 

     

50 I like to show my scientific work to everyone for 
discussion and criticism 

     

51 I like to repeat an experiment to check whether 
the result is same or not 

     

52 I think my senses as well as scientific knowledge 
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 I always listen to others ideas      

55 I always like to appreciate the hard work and 
dedication of scientists 

     

56 I like to read stories of great inventions      

57 I usually notice all the minute details of a 
phenomena 

     

58 I like to reveal the limitations of my scientific 
work 

     

59 I like to know the work of Nobel Laureates in 
science 

     

60 I like to collect pictures of scientists      

61 I like to read biographies of  great scientists      

62 I try to chat with scientists through internet      

63 I usually watch Discovery  and National 
Geographic channels than sports channel 

     

64 It is interesting to clarify doubts related to science      

 
 
 
 
 

 



APPENDIX – I B 

SCIENTIFIC ATTITUDE SCALE - DRAFT 
(Malayalam Version)   

 

hnZymÀ°n-bpS t]cv   : 

kvIqfnsâ t]cv   : 

¢mÊv \¼À    : 

¢mÊv     : 

XmsgsImSp-̄ n-cn-¡p¶ Hmtcm {]kvXm-h-\bpw Hcp hyàn¡v imkv{X-

t¯m-SpÅ at\m-̀ m-hs¯ kqNn-̧ n-¡p-¶p. AXn-t\m-SpÅ \n§-fpsS {]Xn-I-cWw 

tcJ-s¸-Sp-¯p-¶-Xn\v A©v kqN-I-§Ä \ÂIn-bn-«p-−v. 

1. ]qÀ®-ambn tbmPn-¡p¶p SA 

2. tbmPn-¡p¶p   A 

3. A`n-{]m-b-anÃ   U 

4. hntPm-bn-¡p¶p   D 

5. ià-ambn hntbm-Pn-¡p¶p SD 

Hmtcm {]kvXm-h-\-tbm-Sp-apÅ \n§-fpsS {]Xn-I-cWw AX-Xp-tIm-f-§-fnÂ 

Sn¡v (�) amÀ¡v D]-tbm-Kn¨v tcJ-s -̧Sp-̄ p-I. 

 

\¼À {]kvXm-h-\-IÄ SA A U D SD 

1. imkv{X-kn-²m- -́§Ä amä-an-Ãm- -̄h-bm-sW-
¶mWv Fsâ hnizmkw 

     

2. \ap-¡-dn-bm³ Bh-iy-apÅ Imcy-
§Äs¡Ãmw D¯cw \ÂIm³ kb³kn\p 
Ign-bp-sa-¶mWv ]e-t¸mgpw ]d-b-s¸-Sm-dp-ÅXv 

     

3. sXfn-bn-¡-s¸-Sm³ km[y-X-bn-Ãm¯ AÔ-hn-
izm-k-§Ä hniz-kn-¡p-I-bmWv \ÃXv 

     

4. GsXmcp Bi-b-t¯m-SmtWm FÃm-hcpw 
tbmPn-¡p-¶Xv B Bibw am{Xta Rm³ 
kzoI-cn-¡p-I-bpÅp 

     



5. imkv{X-h-kvXp-X-I-sf-¡p-dn-¨pÅ kwi-b-
§Ä¡v hni-Zo-I-cWw tXSp-¶Xv F\n¡v 
CjvS-amWv 

     

6. Fsâ ]co-£-W-^-e-§Ä imkv{X-̄ nse 
AwKo-IrX \nb-a-§-tfmSv hntbm-Pn-¡p-¶-h-
bm-sW-¦nepw Rm³ AXnÂ amäw hcp-¯nÃ 

     

7. imkv{X-Ú-·mÀ e£y-iq-\y-amb Imcy-§-
fmWv sN¿p-¶Xv 

     

8. Fsâ c£n-Xm-¡Ä A\p-K-an-¡p¶ AÔ-hn-
izm-k-§sf Rm\pw hniz-kn-¡p¶p 

     

9. Ah-km\ Xocp-am-\-¯n-se-̄ p-¶-Xn\p 
ap¼mbn FÃm Xe-¯n-ep-apÅ sXfn-hp-IÄ 
tiJ-cn-¡p-¶Xv shdpsX kabw ]mgm-¡-
emWv 

     

10. imkv{X {]ivt\m-̄ -cn-I-fnÂ ]s¦-Sp-¡m³ 
F\n-¡n-jvS-amWv 

     

11. t{]X-¯nÂ F\n¡v hnizmkw CÃ      

12. imkv{X-]p-kvX-I-§Ä hmbn-¡m³ F\n¡v 
CjvS-amWv 

     

13. Fsâ kplr-¯nsâ A`n-{]mbw Fsâ Nn´m-
K-Xn-tbmSv hntbm-Pn-¡p-¶-Xm-sW-¦nÂ Rm³ 
Hcn-¡epw AXv kzoI-cn-¡nÃ 

     

14. Sn.-hn-bnse imkv{X-kw-_-Ô-amb ]cn-]m-Sn-IÄ 
ImWm³ F\n¡v CjvS-amWv 

     

15. AÔ-hn-izm-k-§Ä sX-äm-sW¶v Hcn-¡epw 
sXfn-bn-¡m³ ]änÃ 

     

16. imkv{X s{]mP-IvSp-IÄ sN¿m³ F\n¡v 
CjvS-amWv 

     

17. AÔ-hn-izm-k-§sf F\n¡v amäm³ ]än-Ã. 
F´p-sIm-s−-¶mÂ Ah \½psS kwkvIm-c-
¯n-sâbpw BNm-c-§-fp-sSbpw `mK-amWv 

     

18. ]co-£-W-¯n-eqsS Hcp hkvXpX sXfn-bn-¡p-
¶-Xn-t\-¡mÄ hnZ-KvZm-̀ n-{]mbw tXSp-¶-XmWv 
Rm³ Xnc-sª-Sp-¡pI 

     

19. aäp-Å-h-cpsS hnaÀi-\-§Ä¡-\p-krp-X-ambn 
Fsâ Bi-b-§sf¸än Rm³ ]p\Àhn-Nn-
´\w \S¯pw 

     



20. imkv{X-]-co-£Ww sXfn-bn-¡-s¸-Sp-¶-Xn\p 
ap¼mbn FÃm hni-Zmw-i-§fpw tiJ-cn-
t¡− Bh-iy-anÃ 

     

21. s{]mPISv sN¿p¶-Xnt-\-¡mÄCâÀs\-änÂ 
\n¶pw ]IÀ¯p-¶-XmWv F\n-¡njvSw 

     

22. tPymXn-j-·m-cnÂ \n¶pw `mhnsb¡pdn-̈ -dn-
bm³ F\n-¡n-jvS-amWv 

     

23. kplr-̄ nsâ t\m«p-_p-¡nÂ \n¶pw 
dnkÂ«p-IÄ ]IÀ¯m³ Rm³ CjvS-s¸-
Sp¶p 

     

24. hnZym-̀ ym-k-]-c-ambn Ft¶-¡mÄ Xmgv¶p-
\nÂ¡p¶ Hcm-tfmSv A`n-{]mbw tNmZn-¡p-
¶Xv icn-bmb Imcy-aÃ 

     

25. Hcp Bibw kzoI-cn-¡p-¶-Xn\p ap¼mbn 
AXnsâ hni-Zmw-i-§Ä tXSp-¶Xv \Ã-XmWv 

     

26. imkv{X-¯nse hnZ-KvZ-·m-tcmSv kwkm-cn-
¡p¶Xv F\n-¡n-jvS-amWv 

     

27. imkv{Xo-b-ambn sXfn-bn-¡-s¸-«n-«n-Ãm-¯Xpw 
F¶mÂ aX-]-c-ambn AwKo-I-cn-¡-s¸-«n-«p-Å-
Xp-amb hkvXp-X-IÄ \ntj-[n-¡p-¶Xv ]m]-
amWv 

     

28. {]Ir-Xym-Xo-X-amb iànbmWv {]]-©s¯ 
\ne-\nÀ¯p-¶Xv 

     

29. hyàn-]-c-amb ]£-]m-X-t¯m-sSbpw, 
ap³hn[n-tbm-sSbpw BWv imkv{X-Im-c-·mÀ 
Ah-cpsS imkv{X-{]-hÀ -̄\-§Ä \S-¯m-dp-
ÅXv 

     

30. `mhn-bnÂ Hcp imkv{X-P-R-\m-hm³ Rm³ 
B{K-ln-¡p¶p 

     

31. kb³kv FXnÀ¡p-¶p-s−-¦nepw Nne AÔ-
hn-izm-k-§Ä icn-bm-sW¶v Rm³ hniz-kn-
¡p¶p 

     

32. imkv{X-\n-b-a-§fpw kn²m-́ -§fpw imkv{X-
Ú-·m-cpsS A\p-am-\-§-fmWv 

     

33. t{]Xw, `qXw F¶n-h-bnÂ F\n¡v hnizmkw 
D−v 

     

34. Hcp \Ã a\pjy\v Hcp \Ã imkv{X-Ú-\m-
hm³ Ign-tª¡mw 

     



35. Hcp hkvXp-X-sb-̧ än hnZ-KvZm-̀ n-{]mbw tXSp-¶-
Xn-t\-¡mÄ ]co-£-W-¯n-eqsS sXfn-bn-¡m-
\mWv Rm³ {ian-¡pI 

     

36. imkv{X-]-T\w AÀ°-iq-\yamWv      

37. imkv{X-kw-_-Ô-amb Iev]n-X-I-Y-IÄ hmbn-
¡m³ F\n-¡n-jvS-amWv 

     

38. sNmÆm {Kl-s -̄¸än Adn-bp-hm³ F\n-s¡-
t¸mgpw PnÚmk D−v 

     

39. imkv{X-Ú-·m-cpsS {]hÀ¯-\-§Ä 
]IÀ¯p-¶-Xn-t\-¡mÄ D²-cn-¡p-¶-XmWv 
\ÃXv 

     

40. Sn.-hn-bnse imkv{X-kw-_-Ô-amb ]cn-]m-Sn-IÄ 
Rm³ ImWm-dnÃ 

     

41. {]Ir-Xn-c-l-ky-§Ä Is−-¯p-¶Xv H«pw 
XmXv]-cy-ap-f-hm-¡p¶ Imcy-aÃ 

     

42. t{]X-I-Y-IÄ hmbn-¡m³ F\n-¡n-jvS-amWv      

43. imkv{X-hn-j-b-§Ä ImWmsX ]Tn-¡m-\mWv 
F\n-¡njvSw 

     

44. ]p\ÀP-·-¯nÂ Rm³ hniz-kn-¡p¶p      

45. Fsâ `mh-\-tijn Fsâ kÀ¤-i-ànsb 
hfÀ¯m³ klm-bn-¡p-¶p-s−¶p 
tXm¶p¶p 

     

46 hkvXp-\n-jvT-amb \nco-£-W-hpw _u²n-I-
amb kXy-k-Ô-Xbpw imkv{X-]-T-\-§Ä¡v 
AXym-h-iy-am-sW¶v Rm³ hniz-kn-¡p¶p 

     

47 Bh-iy-amb sXfn-hp-I-fpsS ASn-Øm-\-̄ nÂ 
am{Xta Hcp imkv{X hkvXp-Xsb ]än-bp-ff 
Fsâ Nn´m-KXn Rm³ amäp-I-bpÅq 

     

48 imkv{X-]-co-£-W-§Ä sN¿m³ F\n¡v 
CjvS-amWv 

     

49 {]IrXn {]Xn-̀ m-k-§Ä¡v ]n¶n-ep-ff Imc-W-
§Ä Is−-¯m³ F\n-¡n-jvS-amWv 

     

50 aäp-f-f-h-cpsS NÀ -̈IÄ¡pw \ncq-]-W-§Ä¡p-
th−n Fsâ imkv{X-{]-hÀ -̄\-§Ä Ah-X-
cn-̧ n-¡m³ F\n-¡n-jvS-amWv 

     

51 In«p¶ \nK-a-\-§Ä H¶p-X-s¶-bmtWm 
F¶dnbm³ Rm³ ]e BhÀ¯n ]co-£-W-
§Ä sN¿m³ CjvS-s¸-Sp¶p 

     



52 Fsâ C{µn-b-§fpw imkv{X-]-c-amb Adn-hp-
Ifpw Npäp-ap-ff {]Ir-Xnsb ]än Adn-bm³ 
klm-bn-¡p¶p 

     

53 imkv{X ]co-£-W-§Ä sN¿p-t¼mÄ Rm³, 
So¨À km[m-c-W-bmbn k½-Xn-¡p¶ \nK-a-\-
¯n-te¡v Fsâ ]co-£-W-̂ -es¯ sIms−-
¯n-¡m-\mWv {ian-¡m-dp-f-fXv 

     

54 Rm³ aäp-f-f-h-cpsS A`n-{]m-b-§Ä¡v FÃm-
bvt¸mgpw {i²-sIm-Sp-¡m-dp−v 

     

55 imkv{X-Ú-·m-cpsS ITn-\m-[zm-\-s¯bpw 
AÀ¸W t_m[-s¯bpw Ft¸mgpw Rm³ 
A`n-\-µn-¡m-dp−v 

     

56 al-¯mb I−p-]n-Sp- -̄§sf Ipdn-¨p-ff IY-
IÄ hmbn-¡m³ F\n-¡n-jvS-amWv 

     

57 Rm³ km[m-c-W-bmbn Hcp {]Xn-̀ m-k-¯nsâ 
FÃm kq£va-amb hni-Zmw-i-§sf]än-bpw 
{i²n-¡m-dp−v 

     

58 Fsâ imkv{X {]hÀ -̄\-§-fpsS t]mcm-bva-
IÄ Xpd-¶p-]-d-bm³ Rm³ CjvS-s¸-Sp¶p 

     

59 t\m_Â k½m\ tPXm-¡-fpsS {]hÀ -̄\-§-
sf-¡p-dn- -̈dn-bp-hm³ F\n-¡n-jvS-amWv 

     

60 imkv{X-Ú-·m-cpsS Nn{X-§Ä tiJ-cn-¡p-
hm³ F\n-¡n-jvS-amWv 

     

61 {]K-Û-cmb imkv{X-Ú-·m-cpsS Poh-N-cn{Xw 
hmbn-¡m³ F\n-¡n-jvS-amWv 

     

62 Csâ³s\äneqsS imkv{X-Ú-·m-tcmSv kw`m-
j-W-¯n-teÀs¸-Sm³ Rm³ {ian-¡m-dp−v 

     

63 kvt]mÀSvkv Nm\-en-t\-¡m-fpw, Unkv¡hdn 
Nm\epw \mj-WÂ Pntbm-{Km-^nIv Nm\epw 
BWv km[m-c-W-bmbn Rm³ ImWm-dp-f-fXv 

     

64 imkv{X-kw-_-Ô-amb kwib \nhm-cWw 
ck-I-c-amWv  

     

 
 
 
 
 
 
 



APPENDIX – II A 
SCIENTIFIC ATTITUDE SCALE (FINAL) 

(English Version) 
 

Each of the following statements expresses a feeling which particular people 
have towards science. You have to express on a five point scale, the extent of 
agreement between the feeling expressed in each statement 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 mark (�) against columns of each statement, which best 
indicates how closely you agree or disagree. The only correct responses are those that 
are true for you. 
 

No Statements SA A U D SD 

1 I believe that scientific theories are subject to 
change 

     

2 It is better to believe those superstitions which are 
difficult to prove 

     

3 I would like to find clarifications wherever I feel 
doubts about scientific facts 

     

4 Scientists are doing aimless things      

5 I believe in superstitions which my parents follow      

6 It is mere waste of time, searching for evidences 
from all sources before  arriving at a conclusion 

     

7 I like to participate in science quiz      

8 I like to read science books      

9 I will never accept my friend’s opinion if it is 
against my opinion 

     

10 I like to watch science related programmes in T V       

11 It is impossible to prove that superstitions are 
false 

     

12 I like to do science projects      

13 It is not necessary to collect all details before 
proving an experiment 

 

     



14 I like to copy a project from internet rather than 
doing it 

     

15 I like to know my future through astronomers       

16 I like to copy results from my friend’s notebook      

17 It is not good to ask an opinion from a person 
who is academically lower than me 

     

18 It is good to go for clarification before approving 
an idea 

     

19 I like to talk to experts in science      

20 I want to become a scientist in future      

21 I believe certain superstitions as true even though 
science is against it 

     

22 I believe in ghosts      

23 Science learning is meaningless      

24 I like to read science fictions      

25 I always have curiosity to learn more about Mars      

26 I don’t watch science related programmes on T V      

27 It is not at all interesting to find secrets of nature      

28 I believe in rebirth      

29 I believe objective observation and intellectual 
honesty is essential for scientific studies 

     

30 I like to change my opinion about a scientific fact 
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 for 
discussion and criticism 

     

34 I like to repeat an experiment to check whether 
the result is same or not 

     

35 I think my senses as well as scientific knowledge 
will help me to know the nature around me 

     

36 I always like to appreciate the hard work and 
dedication of scientists 

     

37 I like to read stories of great inventions      

38 I like to reveal the limitations of my scientific 
work 

     



39 I like to know the work of Nobel Laureates in 
science 

     

40 I like to collect pictures of scientists      

41 I like to read biographies of  great scientists      

42 I usually watch Discovery  and National 
Geographic channels than sports channel 

     

 



APPENDIX – II B 

SCIENTIFIC ATTITUDE SCALE - FINAL 

(Malayalam Version)   

 

hnZymÀ°n-bpS t]cv   : 

kvIqfnsâ t]cv   : 

¢mÊv \¼À    : 

¢mÊv     : 

XmsgsImSp-̄ n-cn-¡p¶ Hmtcm {]kvXm-h-\bpw Hcp hyàn¡v imkv{X-t¯m-

SpÅ at\m-̀ m-hs¯ kqNn-̧ n-¡p-¶p. AXn-t\m-SpÅ \n§-fpsS {]Xn-I-cWw tcJ-s¸-Sp-

¯p-¶-Xn\v A©v kqN-I-§Ä \ÂIn-bn-«p-−v. 

1. ]qÀ®-ambn tbmPn-¡p¶p SA 

2. tbmPn-¡p¶p   A 

3. A`n-{]m-b-anÃ   U 

4. hntPm-bn-¡p¶p   D 

5. ià-ambn hntbm-Pn-¡p¶p SD 

Hmtcm {]kvXm-h-\-tbm-Sp-apÅ \n§-fpsS {]Xn-I-cWw AX-Xp-tIm-f-§-fnÂ Sn¡v 

(�) amÀ¡v D]-tbm-Kn¨v tcJ-s -̧Sp-̄ p-I. 

 

\¼À {]kvXm-h-\-IÄ SA A U D SD 

1. imkv{X-kn-²m- -́§Ä amä-an-Ãm- -̄h-bm-sW-¶mWv 
Fsâ hnizmkw 

     

2. sXfn-bn-¡-s¸-Sm³ km[y-X-bn-Ãm¯ AÔ-hn-izm-k-
§Ä hniz-kn-¡p-I-bmWv \ÃXv 

     

3 imkv{X-h-kvXp-X-I-sf-¡p-dn-¨pÅ kwi-b-§Ä¡v 
hni-Zo-I-cWw tXSp-¶Xv F\n¡v CjvS-amWv 

     

4 imkv{X-Ú-·mÀ e£y-iq-\y-amb Imcy-§-fmWv 
sN¿p-¶Xv 

     

5 Fsâ c£n-Xm-¡Ä A\p-K-an-¡p¶ AÔ-hn-izm-k-
§sf Rm\pw hniz-kn-¡p¶p 

     



6 Ah-km\ Xocp-am-\-¯n-se-̄ p-¶-Xn\p ap¼mbn 
FÃm Xe-¯n-ep-apÅ sXfn-hp-IÄ tiJ-cn-¡p-¶Xv 
shdpsX kabw ]mgm-¡-emWv 

     

7 imkv{X {]ivt\m-̄ -cn-I-fnÂ ]s¦-Sp-¡m³ F\n-¡n-
jvS-amWv 

     

8 imkv{X-]p-kvX-I-§Ä hmbn-¡m³ F\n¡v CjvS-
amWv 

     

9 Fsâ kplr-¯nsâ A`n-{]mbw Fsâ Nn´m-K-Xn-
tbmSv hntbm-Pn-¡p-¶-Xm-sW-¦nÂ Rm³ Hcn-¡epw 
AXv kzoI-cn-¡nÃ 

     

10 Sn.-hn-bnse imkv{X-kw-_-Ô-amb ]cn-]m-Sn-IÄ 
ImWm³ F\n¡v CjvS-amWv 

     

11 AÔ-hn-izm-k-§Ä sX-äm-sW¶v Hcn-¡epw sXfn-bn-
¡m³ ]änÃ 

     

12 imkv{X s{]mP-IvSp-IÄ sN¿m³ F\n¡v CjvS-
amWv 

     

13 imkv{X-]-co-£Ww sXfn-bn-¡-s¸-Sp-¶-Xn\p ap¼mbn 
FÃm hni-Zmw-i-§fpw tiJ-cn-t¡− Bh-iy-anÃ 

     

14 s{]mPISv sN¿p¶-Xnt-\-¡mÄ CâÀs\-änÂ \n¶pw 
]IÀ¯p-¶-XmWv F\n-¡njvSw 

     

15 tPymXn-j-·m-cnÂ \n¶pw `mhnsb¡pdn-̈ -dn-bm³ 
F\n-¡n-jvS-amWv 

     

16 kplr-̄ nsâ t\m«p-_p-¡nÂ \n¶pw dnkÂ«p-IÄ 
]IÀ¯m³ Rm³ CjvS-s¸-Sp¶p 

     

17 hnZym-̀ ym-k-]-c-ambn Ft¶-¡mÄ Xmgv¶p-\nÂ¡p¶ 
Hcm-tfmSv A`n-{]mbw tNmZn-¡p-¶Xv icn-bmb Imcy-
aÃ 

     

18 Hcp Bibw kzoI-cn-¡p-¶-Xn\p ap¼mbn AXnsâ 
hni-Zmw-i-§Ä tXSp-¶Xv \Ã-XmWv 

     

19 imkv{X-¯nse hnZ-KvZ-·m-tcmSv kwkm-cn-¡p¶Xv 
F\n-¡n-jvS-amWv 

     

20 `mhn-bnÂ Hcp imkv{X-P-R-\m-hm³ Rm³ B{K-ln-
¡p¶p 

     

21 kb³kv FXnÀ¡p-¶p-s−-¦nepw Nne AÔ-hn-izm-
k-§Ä icn-bm-sW¶v Rm³ hniz-kn-¡p¶p 

     

22 t{]Xw, `qXw F¶n-h-bnÂ F\n¡v hnizmkw D−v      

23 imkv{X-]-T\w AÀ°-iq-\yamWv      

24 imkv{X-kw-_-Ô-amb Iev]n-X-I-Y-IÄ hmbn-¡m³ 
F\n-¡n-jvS-amWv 

     

25 sNmÆm {Kl-s -̄¸än Adn-bp-hm³ F\n-s¡-t¸mgpw 
PnÚmk D−v 

     



26 Sn.-hn-bnse imkv{X-kw-_-Ô-amb ]cn-]m-Sn-IÄ 
Rm³ ImWm-dnÃ 

     

27 {]Ir-Xn-c-l-ky-§Ä Is−-¯p-¶Xv H«pw XmXv]-cy-
ap-f-hm-¡p¶ Imcy-aÃ 

     

28 ]p\ÀP-·-¯nÂ Rm³ hniz-kn-¡p¶p      

29 hkvXp-\n-jvT-amb \nco-£-W-hpw _u²n-I-amb 
kXy-k-Ô-Xbpw imkv{X-]-T-\-§Ä¡v AXym-h-iy-
am-sW¶v Rm³ hniz-kn-¡p¶p 

     

30 Bh-iy-amb sXfn-hp-I-fpsS ASn-Øm-\-̄ nÂ 
am{Xta Hcp imkv{X hkvXp-Xsb ]än-bp-ff Fsâ 
Nn´m-KXn Rm³ amäp-I-bpÅq 

     

31 imkv{X-]-co-£-W-§Ä sN¿m³ F\n¡v CjvS-amWv      

32 {]IrXn {]Xn-̀ m-k-§Ä¡v ]n¶n-ep-ff Imc-W-§Ä 
Is−-¯m³ F\n-¡n-jvS-amWv 

     

33 aäp-f-f-h-cpsS NÀ -̈IÄ¡pw \ncq-]-W-§Ä¡p-
th−n Fsâ imkv{X-{]-hÀ -̄\-§Ä Ah-X-cn-̧ n-
¡m³ F\n-¡n-jvS-amWv 

     

34 In«p¶ \nK-a-\-§Ä H¶p-X-s¶-bmtWm 
F¶dnbm³ Rm³ ]e BhÀ¯n ]co-£-W-§Ä 
sN¿m³ CjvS-s¸-Sp¶p 

     

35 Fsâ C{µn-b-§fpw imkv{X-]-c-amb Adn-hp-Ifpw 
Npäp-ap-ff {]Ir-Xnsb ]än Adn-bm³ klm-bn-
¡p¶p 

     

36 imkv{X-Ú-·m-cpsS ITn-\m-[zm-\-s¯bpw AÀ¸W 
t_m[-s¯bpw Ft¸mgpw Rm³ A`n-\-µn-¡m-dp−v 

     

37 al-¯mb I−p-]n-Sp- -̄§sf Ipdn-¨p-ff IY-IÄ 
hmbn-¡m³ F\n-¡n-jvS-amWv 

     

38 Fsâ imkv{X {]hÀ -̄\-§-fpsS t]mcm-bva-IÄ 
Xpd-¶p-]-d-bm³ Rm³ CjvS-s¸-Sp¶p 

     

39 t\m_Â k½m\ tPXm-¡-fpsS {]hÀ -̄\-§-sf-
¡p-dn- -̈dn-bp-hm³ F\n-¡n-jvS-amWv 

     

40 imkv{X-Ú-·m-cpsS Nn{X-§Ä tiJ-cn-¡p-hm³ 
F\n-¡n-jvS-amWv 

     

41 {]K-Û-cmb imkv{X-Ú-·m-cpsS Poh-N-cn{Xw hmbn-
¡m³ F\n-¡n-jvS-amWv 

     

42 kvt]mÀSvkv Nm\-en-t\-¡m-fpw, Unkv¡hdn 
Nm\epw \mj-WÂ Pntbm-{Km-^nIv Nm\epw BWv 
km[m-c-W-bmbn Rm³ ImWm-dp-f-fXv 

     

 
 
 



APPENDIX – III A 

SCIENTIFIC CREATIVE TEST 

(English Version) 

 

 Today I would like to demonstrate a very important ability – 

Scientific Creativity. You have 7 different tasks. Each task investigates 

different scientific skills, giving you the opportunity to excel at what you 

are best at! These tasks will enable you to use creativity explore new 

ideas and solve problems. Please try to complete all the tasks in 50 nor 60 

minutes. If you have questions about the tasks, please  raise your hand 

and ask examiner. Please write your school, year, class, name, sex and 

today’s date on the answer sheet before you begin.  

Item -1 

 Please write down as many as possible scientific uses as you can 

for a piece of glass.  

For example, make a test tube.  

Item -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? Please list as 

many as you can.  For example, are there any living things on the planet. 

Item -3 

 Please think up as many possible improvements as you can to a 

regular bicycle, making it more interesting, more useful and  more 

beautiful.  

For example, make the tyres reflective, so they can be seen in the darks. 

Item -4 

Suppose there was no gravity, describe what the world be like? 

For example, human beings would be floating. 

 



 

Item -5 

Please use as many possible methods as you can to divide a square 

on to four equal pieces (same shape) 

Item -6 

 There are two kinds of lenses. How can you test which is better? 

Please write down as many possible methods as you can and the 

instruments, principles and simple procedure. 

Item – 7 

 Please design as apple picking machine. Draw a picture, point out 

the name and function of each part.  

 

 



APPENDIX – III B 

SCIENTIFIC CREATIVITY TEST 
(Malayalam Version) 

 
 

C¶p \n§-fpsS ap¼nÂ Rm³ Ah-X-cn-̧ n-¡p-¶Xv Hcp {][m\ Ign-

hmb kb³kv {Iotb-ä-nhnänBWv. \n§Ä¡v 7 hyXykvX {]hÀ-̄ n-IÄ 

Xcp-¶p. Hmtcm {]hÀ¯nbpw hyXykvXXcw {]mtbm-KnItijn ]co-£n-

¡p-¶p.-FÃm{]hÀ-̄ n-Ifpw HcpaWn-¡q-dn-\p-ÅnÂ XoÀ¡m³ {ian-¡p-I.- 

F-s´-¦nepw kwibw Ds−-¦nÂZb-hmbntNmZn-¡p-I. D¯cw Fgp-Xm³ 

XpS-§p-¶-Xn\p ap³]v \n§-fpsS t]cpw, kvIqfpw, ¢mÊpw, Xo-b-Xn, 

skIvkv F¶nh D¯-c-¡-S-em-Ênsâ apI-fn-embnFgp-Xp-I. 

Item-1 

Hcp IjWw ¥mÊnsâ imkv{Xnb D]-tbm-K-§Ä Fs´Ãm-sa¶v 

Ign-bp-¶n-S-t¯mfw Fgp-XpI 

DZm: sSÌq_v D−m-¡m³ D]-tbm-Kn-¡p-¶p. 

Item-2 

Hcp _ln-cm-Imihml-\-̄ nÂ Ibdn _ln-cm-Im-i-̄ p-IqSn k©-cn-

¡p-hm\pw Hcp {Kl-̄ nÂ t]mIm\pw Ign-ªmÂ Fs´ms¡ 

imkv{XobtNmZy-§-fmWv \n§Ä At\z-jn-¡m³ B{K-ln¡p¶-Xv.  

DZm: {Kl-̄ nÂ Poh-\pÅhkvXp-¡Ä Dt−m? 

Item-3 

Hcp km[m-cW ss_ssk-¡n-fns\ IqSp-XÂ ck-I-chpw, D]-Im-c-{]-

Z-hpw, at\m-l-chpw B¡m³ th−n AXn\v Ft´ms¡ amäw hcp-̄ m³ 

Ign-bp-sa¶v \n§-fmÂ Ign-bp¶ hn[w Fgp-Xp-I. 

DZm: Sb-dp-IÄ cm{Xn-bnepw Xnf-§p-Xm-¡mw. 



Item-4 

Kpcp-Xzm-IÀjWanÃm¯ temI-s¯-¡p-dn¨v hni-Zo-I-cn-¡p-I. 

DZm: FÃm Poh-Pm-e-§Ä¡pw ]d-¶p- \-S¡mw 

Item-5 

Hcp ka-N-Xp-c-̄ ns\ \mepXpey `mK-§-fmbn hn -̀Pn-¡m³ Ign-

bp¶  GsXÃmw km[y-amb amÀ¤-§-fp-s−¶v Is−¯n D¯-c-¡-S-

emÊnÂ hc-bv¡p-I. 

Item-6 

c−p -X-c-̄ n-epÅ se³kpIÄ D−v.- G-XmWv Gähpw \ÃXv F¶v 

F§s\ ]co-£n¡mw \n§-fmÂ Ign-bp-¶n-S-t¯mfw amÀ¤-§Ä Fgp-Xp-I. 

Item-7 

Hcp B¸nÄ ]n¡nwKv anjysâ Unssk³ X¿m-dm-¡p-I. ]Sw hc¨v 

`mK-§Ä  AS-bm-f-s -̧Sp¯n  Hmtcm  `mK-̄ n-sâbpw  [À½-sa-s´¶v  

Fgp-Xp-I. 



APPENDIX – IV A  

METACOGNITIVE AWARENESS INVENTORY - DRAFT  

(English Version ) 

Each of the following statements expresses an awareness about the learning 

process, which particular people have. You have to express on a five point scale, the 

extent of agreement between the feeling expressed in each statement and your own 

feeling. The five points are 

1. Always          A            

2. Very often    VO                     

3. Sometimes    S                              

4. Rarely     R               

5. Never       N    

 

You have to put a tick mark (�) against columns of each statement, which best 

indicates how closely you agree or disagree. The only correct responses are those that 

are true for you. 

No Statements A VO S R N 

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 I use 
different learning methods 

     

4 I always follow a strict time table for the studies      

5 I usually try to complete my learning 
assignments within the time schedule 

     

6 I often try to recollect the main idea of the 
content after learning  

     

7 I usually test myself that whether I am getting 
my goals 

     

8 I go through several alternatives of problem 
before answering it 

     

9 I understand my intellectual strength and 
weakness 

     



10 I always internalise an idea of what I have to 
learn before I start my learning 

     

11 I always try to know how well I did in a test      

12 Before beginning a task I frame specific goal in 
my mind 

     

13 I always concentrate more when I receive 
important information 

     

14 I know which information should get more 
importance during the learning process 

     

15 I organise information according to its 
importance before learning it 

     

16 I apply each strategy with a specific purpose 
while learning 

     

17 I learn best when I have familiarity with the 
topic 

     

18 I know teacher’s expectations about my learning      

19 I can remember information very well      

20 I always have control over how well I learn      

21 I periodically review important topics for better 
understanding 

     

22 I always check my knowledge about a topic 
before beginning to learn it 

     

23 I usually summarise the content after learning it      

24 I seek other’s help when there is difficulty in 
understanding content 

     

25 I motivate myself when there is a need      

26 I know my usual learning strategies      

27 I know which strategy is suitable for me to learn 
a specific content 

     

28 I usually overcome my weakness by using my 
own strategies 

     

29 I give importance to the meaning and 
significance of the content  

     

30 By using my own examples I meaningfully 
process the information 

     



31 I am able to judge my own understanding      

32 I usually check whether I have attained the goal 
after finishing my learning 

     

33 For better memory and retention I take help of 
pictures and diagrams 

     

34 I often take intervals between my learning to 
check my understanding 

     

35 I like to translate new information into my own 
words 

     

36 When I fail to understand I 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 I accomplish my goal by carefully organising the 
time 

     

41 I learn more when I am interested in the topic      

42 I often break a difficult and lengthy content in to 
smaller parts 

     

43 I always try to get an overall meaning rather than 
significant details 

     

44 I will try to learn again if the new information is 
not clear to me 

     

45 When I get confused I stop and reread the topic      

46 I am efficient in finding and rectifying my own 
weaknesses 

     

47 I always try to improve myself      

48 I consider my failures as milestones towards 
success  

     

49 I used to write short notes while studying a 
massive content 

     

50 I often use certain memory tricks to remember 
points which are difficult to memorise 

     



51 I always try to find out the reason behind my 
failures, so that I can improve next time by 
rectifying it 

     

52 I usually develop a deeper understanding of the 
content than applying rote learning 

     

53 Self motivation increases my interest in learning      

54 I usually try to apply learned material in daily 
life situations 

     

55 I often ask my seniors and bright students of the 
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 I take more time for learning things which are 
difficult for my understanding 

     

58 I workout previous years question papers to 
check my understanding 

     

59 I always revise learned portions daily, weekly 
and monthly 

     

60 I 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 I like to search internet for further information      

64 Tests help for my own improvement      

65 I try to get back on track when I lose 
concentration. 

     

66 I underline or circle information in the text to 
remember it. 

     

67 I decide what to study closely and what to 
ignore. 

     

68 I analyze and evaluate the information presented 
in the text. 

     

69  I try to use more than one way for learning 
something 

     

 



APPENDIX – IV B 

META COGNITIVE AWARENESS INVENTORY- DRAFT 

(Malayalam Version)   
hnZymÀ°n-bpS t]cv : 

kvIqfnsâ t]cv  : 

¢mÊv \¼À  : 

¢mÊv    : 

Xmsg sImSp-¯n-cn-¡p¶ Hmtcm {]kvXm-h-\bpw Hmtcm hyàn¡pw Ah-c-h-cpsS 

]T-\-{]-{In-bsb ]än-bpÅ Adnhv kqNn-̧ n-¡p¶p. AXn-t\m-SpÅ \n§-fpsS {]Xn-I-

cWw tcJ-s¸-Sp-¯p-¶-Xn\v A©v kqN-I-§Ä \ÂIn-bn-«p-−v. 

1. FÃmbvt¸mgpw   A 

2. ]et¸mgpw  VO   

3. Nnet¸mÄ   S  

4. hncfambn   R   

5. Hcn¡epanÃ  N 

Hmtcm {]kvXm-h-\-tbm-Sp-apÅ \n§-fpsS {]Xn-I-cWw AX-Xp-tIm-f-§-fnÂSn¡v (�) 

amÀ¡v D]-tbm-Kn¨vtcJ-s¸-Sp-¯p-I. 

\¼À {]kvXm-h-\-IÄ A VO S R N 

1. Hcp {]iv\-s¯-]än ho−pw ho−pw Btem-Nn- -̈
Xn\p tijw am{Xta Rm³ Xocp-am-\¯n-se-¯m-
dpÅq 

     

2. Rm³ ap¼v ]Tn¨ Adn-hp-I-fp-ambn Xmc-Xayw 
sNbvXmWv ]pXnb ]mT-̀ mKw ]Tn-¡m-dp-ÅXv 

     

3. ]mTy-hn-j-b-¯nsâ {]tXy-I-X-bv¡-\p-k-cn¨v hnhn-[-
]-T-\-amÀ¤-§Ä Rm³ Ah-ew-_n-¡m-dp−v 

     

4. FÃm-bvt¸mgpw Hcp IrXy-amb ssSwtS-_n-f-\p-k-cn-
¨mWv Rm³ ]T\w \S-¯m-dp-ÅXv 

     

5. IrXy-amb ka-b-¯p- Xs¶ Assk³saâp-IÄ 
]qÀ¯n-bm-¡m³ Rm³ {ian-¡m-dp−v 

     

6. Hcp ]mTy-̀ mKw ]Tn-̈ -Xn-\p-tijw AXnsâ {][m\ 
BibwIqsS-¡qsS HmÀ¯p-t\m-¡m³ Rm³ {ian-
¡m-dp−v 

     

7. Dt±-in¨ e£y-̄ nÂ F¯p-¶pt−m F¶v Rm³ 
]Xn-hmbn ]cn-tim-[n-¡m-dp−v 

     



8. Hcp  {]iv\w \nÀ²m-cWw sN¿m-\pÅ ]e amÀ¤-
§-sf-¡p-dn¨v Rm³ Btem-Nn-¡m-dp−v 

     

9. Fsâ _u²n-I-amb Ign-hp-Ifpw Ipd-hp-Ifpw 
Rm³ a\-Ên-em-¡p¶p 

     

10. ]T-\-¯nsâ XpS-¡-¯nÂ F´mWv ]Tn-t¡-−-sX-
¶-Xn-s\-̧ än Hcp [mcW D−m-¡m³ FÃm-bvt]mgpw 
Rm³ {ian-¡m-dp−v 

     

11. ]co£ F{X-am{Xw \¶mbn FgpXn F¶-dn-bm³ 
Rm³ {ian-¡m-dp−v 

     

12. Hcp {]hÀ¯n XpS-§p-¶-Xn\p ap¼mbn hyà-amb 
e£y-§Ä Rm³ shbv¡m-dp−v 

     

13. {][m-\-s¸« Adn-hp-t\-Sp¶ ka-b¯v Rm³ IqSp-
XÂ {i² AXn-\p -th-−n sImSp-¡m-dp−v 

     

14. ]T-\-{]-{In-b-bnÂ GXv Adn-hn-\mWv IqSp-XÂ 
{]m[m\yw sImSp-t¡-−-sX¶v F\n-¡-dnbmw 

     

15. ]Tn-¡p-¶-Xn-\p-ap-¼mbn Rm³ Adn-hp-Isf AXnsâ 
{]m[m-\y-a-\p-k-cn¨v XcwXncn-¡m-dp−v 

     

16. \nÝn-X-amb e£y-t¯m-sS-bmWv  ]Tn-¡p-t¼mÄ 
Hmtcm X{ -́§fpw Rm³ {]tbm-Kn-¡m-dp−v 

     

17. kp]-cn-Nn-X-amb hnj-b-§Ä F\n¡v \¶mbn    
]Tn-¡p-hm³ km[n-¡m-dp−v 

     

18. Fsâ ]T-\-s¯-¡p-dn¨v So¨À¡pÅ {]Xo-£-IÄ 
F\n-¡-dnbmw 

     

19. F\n¡v hnh-c-§Ä \¶mbn HmÀ¯p-sh-bv¡m³ 
Ign-bm-dp−v 

     

20. \¶mbn ]Tn-¡p¶ Imcy-̄ nÂ F\n¡p kzbw 
\nb-{´Ww D−v 

 

     

21. {][m-\-s¸« `mK-§Ä ]p\-c-h-tem-I\w sN¿m³ 
F\n-¡n-jvS-amWv 

     

22. Hcphnjbw ]Tn-¡p-¶-Xn-\p- ap-¼mbn AXn-s\-¡p-dn-
¨pÅ Adnhv Rm³ FÃm-bvt]mgpw                
]cn-tim-[n-¡m-dp−v 

     

23. HcpImcyw ]Tn-̈ -Xn-\p- tijw Rm³ AXvkw£n-
]vX-cq-]-̄ n-em-¡m-dp−v 

     

24. ]T-\-̀ mKw a\-Ên-em-ImsX hcp-t¼mÄ aäp-Å-h-cpsS 
klmbw Rm³ tXSm-dp−v 

 

     



25. Ah-iy-L-«-§-fnÂ Rm³ kzbw {]tNm-Z\w 
DÄs¡m-Åm-dp−v 

     

26. Ønc-ambn Rm³ D]-tbm-Kn-¡p¶ ]T-\-X-{ -́§-sf-
¸än F\n¡v Adn-hp−v 

     

27. Hcp {]tXyIw ]T-\-̀ mKw ]Tn-¡p-¶-Xn-\mbn GXv 
]T-\-amÀ¤-amWv F\n¡v A\p-tbm-Py-sa¶v F\n¡v 
Adnbmw 

     

28. ]T-\-kw-_-Ô-amb Fsâ _e-lo-\-X-IÄ XcWw 
sN¿m³ km[m-cW Ftâ-Xmb X{´-§Ä Rm³ 
D]-tbm-Kn-¡m-dp−v 

     

29. ]mT-̀ m-K-¯nsâ AÀ° (hym-]vXn-bn-epw)¯n\pw 
s]mcp-fn-\p-amWv Rm³ {]m[m\yw sImSp-¡p-¶Xv 

     

30. Ftâ-Xmb DZm-l-c-W-§-fn-eqsS hnh-c-§sf 
AÀ°-]qÀ®-ambn Rm³ ]mI-s¸-Sp-̄ m-dp−v 

     

31. Fsâ [mc-Wsb hne-bn-cp-¯m-\pÅ Ignhv F\n-
¡p−v 

     

32. ]T-\-¯n-\p –tijw Dt±-in¨ e£y-¯n-se¯ntbm 
F¶v Rm³ ]cn-tim-[n-¡m-dp−v 

     

33. ]T-\-¯n-\n-Sbv¡v CS-th-f-IÄ FSp¯v a\-Ên-em-
¡nb Imcy-§-sf-̧ än Rm³ Ah-tem-I\w \S-̄ m-
dp−v 

     

34. Adnhv HmÀ¯n-cn-¡p-¶-Xn\pw AXv \ne-\nÀ¯p-¶-
Xn-\pw- th−n Nn{X-§-fp-sSbpw Ub-{K-§-fp-sSbpw 
klmbw Rm³ km[m-c-Wbmbn tXSm-dp−v 

     

35. ]pXnb Bi-b-§sf Ftâ-Xmb coXn-bn-te¡v 
amäm³ {ian-¡m-dp−v 

     

36. Imcy-§Ä a\-Ên-em-ImsX hcp-t¼mÄ Rm³ ]T-\-
X{´w amäm-dp−v 

     

37. XpS-¡-¯nÂ sImSp-¡p¶ \nÀt±-i-§Ä {i²-
tbmsS hmbn-¡p-¶Xv Fsâ ]T-\s¯ klm-bn-¡m-
dp−v 

     

38. ]pXn-b-Xmbn ]Tn-¡p¶ ]mT-̀ mKw ap¼v ]Tn¨ ]mT-
`m-K-hp-ambn FÃm-bvt]mgpw Rm³ _Ô-s¸-Sp-¯m-
dp−v 

     

39. GsX-¦nepw Xc-̄ n-epÅ Bi-b-Ip-g¸w t\cn-Sp-
t¼mÄ Fsâ [mcW icn-bmtWm F¶v Rm³ 
]p\-c-h-tem-I\w sN¿m-dp−v 

     

40. e£y-{]m-]vXn-¡p- th−n ka-bs¯ Rm³ {i²-
tbmsS {Iao-I-cn-¡m-dp−v 

     



41. F\n¡v Xmev]-cy-apÅ Imcy-§Ä Rm³ IqSp-XÂ 
]Tn-¡m-dp−v 

     

42. _p²n-ap-«p-Å-Xpw IqSp-XepÅ-Xp-amb ]mT-̀ m-K-s¯ 
sNdnb `mK-§-fm¡n ]Tn-¡m-\mWv F\n-¡njvSw 

     

43. IrXy-amb hni-Zmw-i-§-sf-¡mfpw sam¯-amb Hcp 
[mcW In«m-\mWv Rm³ {ian-¡m-dp-ÅXv 

     

44. ]pXnb Adnhv F\n¡v hyà-am-Im- -̄t¸mÄ 
ho−pw ho−pw Rm³ AXv ]Tn-¡m-dp−v 

     

45. Adnhv ]qÀ®-ambn DÄs¡m-Åm³ Ign-bmsXhcp-
t¼mÄ \nÀ¯n-bn«v Rm³ ho−pw ho−pw hmbn-
¡m-dp−v 

     

46. Fsâ _e-lo-\-X-IÄ Is−-¯m\pw AXv Xncp-
¯m\pw F\n¡p vIgn-hp−v  

     

47. Kzbw sa¨-s¸-Sm³ (sa- -̈s¸-Sp-̄ m³) FÃm-
bvt]mgpw Rm³ {ian-¡m-dp−v 

     

48. Fsâ ]cm-P-b-§sf hnP-b-¯n-te-¡pÅ Nhn-«p-]-Sn-
I-fm-bn-«mWv Rm³ ImWm-dp-ÅXv 

     

49. _rl-̄ mb ]mT-̀ mKw ]Tn-¡p-t¼mÄ eLp-te-J-
IÄ Ipdn-¨p-sh-bv¡p¶ ioew F\n-¡p−v 

     

50. HmÀs -̄Sp-¡m³ _p²n-ap-«pÅ Imcy-§Ä¡v ]e-
t¸mgpw Rm³ HmÀ¡m-\pÅ Nne Ipdp-¡p-h-gn-IÄ 
{]tbm-Kn-¡m-dp−v 

     

51. F\n¡v ]äp¶ hogvN-I-fpsS ImcWw I−p-]n-Sn¨v 
ASp-̄ -{]m-hiyw AXp-−m-hmsXbncn-¡m³ Rm³ 
FÃm-bvt]mgpw {ian-¡m-dp-−v. 

     

52. Rm³ km[m-c-W-bmbn ImWmsX ]Tn-¡msX Bg-
¯n-epÅ [mcW D−m-¡m-\mW v{ian-¡m-dp-ÅXv 

     

53. kzbw \S-̄ p¶ {]tNm-Z\w ]Tn-¡m-\pÅ Fsâ 
B{K-ls¯ hÀ²n-¸n-¡m-dp−v 

     

54. ]Tn¨ `mK-§Ä km[m-c-W-bmbn Rm³ \nXy-Po-hn-
X-̄ nÂ {]tbm-K-̄ nÂ hcp-¯m-dp−v 

     

55. CS-bv¡nsS Rm³ apXnÀ¶ Ip«n-I-tfmSpw ]T-\-
¯nÂ ap³]-´n-bnÂ \nÂ¡p¶ Ip«n-I-tfmSpw 
Ah-cpsS ]T-\-io-e-§-sf-¡p-dn¨p tNmZn-¡p-Ibpw 
Ah-iym-\p-k-cWw D]-tbm-Kn-¡mdpw D−v 

     

56. ]mT-̀ m-K-§Ä Rm³ Fsâ kplr-¯p-¡-fp-ambn 
Rm³ NÀ¨ sN¿m-dp−v AXv Fsâ A\p-am-\-
§Ä¡v IqSp-XÂ hyàX \ÂImdp−v.  

 

     



57. F\n¡v a\-Ên-em-¡m³ _p²n-ap-«pÅ ]mT-̀ m-K-
§Ä¡v IqSp-XÂ kabw Rm³ sImSp-¡m-dp−v 

     

58. ap³Ime tNmZy-t]-̧ -dp-IÄ¡v D¯cw Is−¯n 
Rm³ Fsâ [mc-W-sb-̧ än ]cn-tim-[n-¡m-dp−v 

     

59. ]Tn¨ `mK-§Ä Rm³ Znh-tk\, BgvN-tXmdpw, 
amkw-tXmdpw F¶ coXn-bnÂ dnhn-j³ \S-¯m-
dp−v 

     

60. F\n¡v A\p-tbm-Py-amb ]T-\m- -́co£w GsX¶v 
F\n-¡-dnbmw 

     

61. Fsâ ]T-\-¯n\p XSÊw krjvSn-¡p¶ Imcy-
§sf Ft¸mgpw Rm³ Hgn-hm-¡m³ {ian-¡m-dp−v 

     

62. d^-d³kv {KÙ-§Ä hmbn-¡m³ F\n-¡n-jvS-amWv      

63. IqSp-XÂ Adn-hp-t\-Sm³ CâÀs\äv t\m¡m³ F\n-
¡n-jvS-amWv 

     

64. ]co-£-IÄ Fs¶ sa -̈s¸-Sp-̄ m³ klm-bn-¡p¶p      

65. GIm-{KX \jvS-s¸-Sp-t¼mÄ AXv hos−-Sp-¡m³ 
Rm³ {ian-¡m-dp−v 

     

66. hnh-c-§Ä HmÀ¯n-cn-¡m³ th−n ]mT-]p-kvX-I-
¯nÂ ASn-h-c-bn-Sp-Itbm hr¯whc-bv¡p-Itbm 
sN¿m-dp−v 

     

67. F´p ]Tn-¡Ww F v́ Hgn-hm-¡Ww F¶-Xn-s\-̧ än 
Rm³ Xocp-am\w FSp-¡m-dp−v 

     

68. ]mT-]p-kvX-I-̄ nse hnh-c-§Ä Rm³ ]cn-tim-[n-
¡p-Ibpw hne-bn-cp-̄ p-Ibpw sN¿m-dp−v 

     

69. H¶nÂ IqSp-XÂ hgn-I-fp-]-tbm-Kn¨v Rm³ ]Tn-
¡m³ {ian-¡m-dp−v 

     

 
 



APPENDIX –V A 

METACOGNITIVE AWARENESS INVENTORY (FINAL) 

(English Version )  

Each of the following statements expresses an awareness about the learning 

process, which particular people have. You have to express on a five point scale, the 

extent of agreement between the feeling expressed in each statement and your own 

feeling. The five points are 

1. Always          A            

2. Very often    VO                     

3. Sometimes    S                              

4. Rarely     R               

5. Never       N    

 

You have to put a tick mark (�) against columns of each statement, which best 

indicates how closely you agree or disagree. The only correct responses are those that 

are true for you. 

No Statements A VO S R N 

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 studies      

4 I usually try to complete my learning 
assignments within the time schedule 

     

5 I often try to recollect the main idea of the 
content after learning  

     

6 I usually test myself that whether I am getting 
my goals 

     

7 I go through several alternatives of problem 
before answering it 

     

8 I understand my intellectual strength and 
weakness 

     

9 I always internalise an idea of what I have to 
learn before I start my learning 

     



10 I always try to know how well I did in a test      

11 Before beginning a task I frame specific goal in 
my mind 

     

12 I always concentrate more when I receive 
important information 

     

13 I know which information should get more 
importance during the learning process 

     

14 I 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 I have familiarity with the 
topic 

     

17 I know teacher’s expectations about my learning      

18 I can remember information very well      

19 I always have control over how well I learn      

20 I periodically review important topics for better 
understanding 

     

21 I always check my knowledge about a topic 
before beginning to learn it 

     

22 I usually summarise the content after learning it      

23 I motivate myself when there is a need      

24 I know my usual learning strategies      

25 I know which strategy is suitable for me to learn 
a specific content 

     

26 I usually overcome my weakness by using my 
own strategies 

     

27 I give importance to the meaning and 
significance of the content  

     

28 By using my own examples I meaningfully 
process the information 

     

29 I am able to judge my own understanding      

30 I usually check whether I have attained the goal 
after finishing my learning 

     



31 For better memory and retention I take help of 
pictures and diagrams 

     

32 I often take intervals between my learning to 
check my understanding 

     

33 I like to translate new information into my own 
words 

     

34 When I fail to understand I change my learning 
strategy 

     

35 Careful reading of instruction in the beginning 
helps my learning  

     

36 I always link the new content to my previously 
learned content 

     

37 I will recheck my assumption when get confused      

38 I accomplish my goal by carefully organising the 
time 

     

39 I learn more when I am interested in the topic      

40 I often break a difficult and lengthy content in to 
smaller parts 

     

41 I always try to get an overall meaning rather than 
significant details 

     

42 I will try to learn again if the new information is 
not clear to me 

     

43 When I get confused I stop and reread the topic      

44 I am efficient in finding and rectifying my own 
weaknesses 

     

45 I always try to improve myself      

46 I consider my failures as milestones towards 
success  

     

47 I used to write short notes while studying a 
massive content 

     

48 I often use certain memory tricks to remember 
points which are difficult to memorise 

     

49 I always try to find out the reason behind my 
failures, so that I 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 learning      

52 I usually try to apply learned material in daily 
life situations 

     

53 I often ask my seniors and bright students of the 
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 I 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 I like to read reference books      

61 I like to search internet for further information      

62 I try to get back on track when I lose 
concentration. 

     

63 I underline or circle information in the text to 
remember it. 

     

64 I decide what to study closely and what to 
ignore. 

     

65 I analyze and evaluate the information presented 
in the text. 

     

66  I try to use more than one way for learning 
something 

     

 

 



APPENDIX –V B 

META COGNITIVE AWARENESS INVENTORY – FINAL  

(Malayalam Version)   
hnZymÀ°n-bpS t]cv  : 

kvIqfnsâ t]cv  : 

¢mÊv \¼À    : 

¢mÊv    : 

XmsgsImSp-̄ n-cn-¡p¶ Hmtcm {]kvXm-h-\bpw Hmtcm hyàn¡pw Ah-c-h-cpsS 

]T-\-{]-{In-bsb ]än-bpÅ Adnhv kqNn-̧ n-¡p¶p. AXn-t\m-SpÅ \n§-fpsS {]Xn-I-

cWw tcJ-s¸-Sp-¯p-¶-Xn\v A©v kqN-I-§Ä \ÂIn-bn-«p-−v. 

1. FÃmbvt¸mgpw   A 

2. ]et¸mgpw  VO   

3. Nnet¸mÄ   S  

4. hncfambn   R   

5. Hcn¡epanÃ  N 

 

Hmtcm {]kvXm-h-\-tbm-Sp-apÅ \n§-fpsS {]Xn-I-cWw AX-Xp-tIm-f-§-fnÂ Sn¡v 

(�) amÀ¡v D]-tbm-Kn¨v tcJ-s¸-Sp-¯p-I. 

\¼À {]kvXm-h-\-IÄ SA A U D SD 

1. Hcp {]iv\-s¯-]än ho−pw ho−pw Btem-Nn- -̈Xn\p 

tijw am{Xta Rm³ Xocp-am-\¯n-se-¯m-dpÅq 

     

2. Rm³ ap¼v ]Tn¨ Adn-hp-I-fp-ambn Xmc-Xayw 

sNbvXmWv ]pXnb ]mT-̀ mKw ]Tn-¡m-dp-ÅXv 

     

3. FÃm-bvt¸mgpw Hcp IrXy-amb ssSwtS-_n-f-\p-k-cn-

¨mWv Rm³ ]T\w \S-¯m-dp-ÅXv 

     

4. IrXy-amb ka-b-¯p-Xs¶ Assk³saâp-IÄ 

]qÀ¯n-bm-¡m³ Rm³ {ian-¡m-dp−v 

     

5. Hcp ]mTy-̀ mKw ]Tn-̈ -Xn-\p-tijw AXnsâ {][m\ 

Bibw IqsS-¡qsS HmÀ¯p-t\m-¡m³ Rm³   

{ian-¡m-dp−v 

 

     



6. Dt±-in¨ e£y-̄ nÂ F¯p-¶pt−m F¶v Rm³ 

]Xn-hmbn ]cn-tim-[n-¡m-dp−v 

     

7. Hcp  {]iv\w \nÀ²m-cWw sN¿m-\pÅ ]e amÀ¤-§-

sf-¡p-dn¨v Rm³ Btem-Nn-¡m-dp−v 

     

8. Fsâ _u²n-I-amb Ign-hp-Ifpw Ipd-hp-Ifpw 

Rm³ a\-Ên-em-¡p¶p 

     

9. ]T-\-¯nsâ XpS-¡-¯nÂ F´mWv ]Tn-t¡-−-sX-

¶-Xn-s\-̧ än Hcp [mcW D−m-¡m³ FÃm-bvt]mgpw 

Rm³ {ian-¡m-dp−v 

     

10. ]co£ F{X-am{Xw \¶mbn FgpXn F¶-dn-bm³ 

Rm³ {ian-¡m-dp−v 

     

11. Hcp {]hÀ¯n XpS-§p-¶-Xn\p ap¼mbn hyà-amb 

e£y-§Ä Rm³ shbv¡m-dp−v 

     

12. {][m-\-s¸« Adn-hp-t\-Sp¶ ka-b¯v Rm³     

IqSp-XÂ {i² AXn-\p-th-−n sImSp-¡m-dp−v 

     

13. ]T-\-{]-{In-b-bnÂ GXv Adn-hn-\mWv IqSp-XÂ 

{]m[m\yw sImSp-t¡-−-sX¶v F\n-¡-dnbmw 

     

14. ]Tn-¡p-¶-Xn-\p-ap-¼mbn Rm³ Adn-hp-Isf AXnsâ 

{]m[m-\y-a-\p-k-cn¨v Xcw Xncn-¡m-dp−v 

     

15. \nÝn-X-amb e£y-t¯m-sS-bmWv  ]Tn-¡p-t¼mÄ 

Hmtcm X{ -́§fpw Rm³ {]tbm-Kn-¡m-dp−v 

     

16. kp]-cn-Nn-X-amb hnj-b-§Ä F\n¡v \¶mbn    

]Tn-¡p-hm³ km[n-¡m-dp−v 

     

17. Fsâ ]T-\-s¯-¡p-dn¨v So¨À¡pÅ {]Xo-£-IÄ 

F\n-¡-dnbmw 

     

18. F\n¡v hnh-c-§Ä \¶mbn HmÀ¯p-sh-bv¡m³ 

Ign-bm-dp−v 

     

19. \¶mbn ]Tn-¡p¶ Imcy-̄ nÂ F\n¡p kzbw 

\nb-{´Ww D−v 

     

20. {][m-\-s¸« `mK-§Ä ]p\-c-h-tem-I\w sN¿m³ 

F\n-¡n-jvS-amWv 

     

21. Hcp hnjbw ]Tn-¡p-¶-Xn-\p-ap-¼mbn AXn-s\-¡p-dn-

¨pÅ Adnhv Rm³ FÃm-bvt]mgpw                

]cn-tim-[n-¡m-dp−v 

     



22. Hcp Imcyw ]Tn-̈ -Xn-\p-tijw Rm³ AXv kw£n-

]vX-cq-]-̄ n-em-¡m-dp−v 

     

23. Ah-iy-L-«-§-fnÂ Rm³ kzbw {]tNm-Z\w 

DÄs¡m-Åm-dp−v 

     

24. Ønc-ambn Rm³ D]-tbm-Kn-¡p¶ ]T-\-X-{ -́§-sf-

¸än F\n¡v Adn-hp−v 

     

25. Hcp {]tXyIw ]T-\-̀ mKw ]Tn-¡p-¶-Xn-\mbn GXv 

]T-\-amÀ¤-amWv F\n¡v A\p-tbm-Py-sa¶v F\n¡v 

Adnbmw 

     

26. ]T-\-kw-_-Ô-amb Fsâ _e-lo-\-X-IÄ XcWw 

sN¿m³ km[m-cW Ftâ-Xmb X{´-§Ä Rm³ 

D]-tbm-Kn-¡m-dp−v 

     

27. ]mT-̀ m-K-¯nsâ AÀ°¯n\pw s]mcp-fn-\p-amWv 

Rm³ {]m[m\yw sImSp-¡p-¶Xv 

     

28. Ftâ-Xmb DZm-l-c-W-§-fn-eqsS hnh-c-§sf AÀ°-

]qÀ®-ambn Rm³ ]mI-s¸-Sp-¯m-dp−v 

     

29. Fsâ [mc-Wsb hne-bn-cp-¯m-\pÅ Ignhv F\n-

¡p−v 

     

30. ]T-\-¯n-\p-tijw Dt±-in¨ e£y-̄ n-se¯ntbm 

F¶v Rm³ ]cn-tim-[n-¡m-dp−v 

     

31. ]T-\-¯n-\n-Sbv¡v CS-th-f-IÄ FSp¯v a\-Ên-em-

¡nb Imcy-§-sf-̧ än Rm³ Ah-tem-I\w \S-̄ m-

dp−v 

     

32. Adnhv HmÀ¯n-cn-¡p-¶-Xn\pw AXv \ne-\nÀ¯p-¶-Xn-

\pw-th−n Nn{X-§-fp-sSbpw Ub-{K-§-fp-sSbpw 

klmbw Rm³ km[m-c-Wbmbn tXSm-dp−v 

     

33. ]pXnb Bi-b-§sf Ftâ-Xmb coXn-bn-te¡v 

amäm³ {ian-¡m-dp−v 

     

34. Imcy-§Ä a\-Ên-em-ImsX hcp-t¼mÄ Rm³ ]T-\-

X{´w amäm-dp−v 

     

35. XpS-¡-¯nÂ sImSp-¡p¶ \nÀt±-i-§Ä {i²-

tbmsS hmbn-¡p-¶Xv Fsâ ]T-\s¯ klm-bn-¡m-

dp−v 

 

 

     



36. ]pXn-b-Xmbn ]Tn-¡p¶ ]mT-̀ mKw ap¼v ]Tn¨ ]mT-

`m-K-hp-ambn FÃm-bvt]mgpw Rm³ _Ô-s¸-Sp-¯m-

dp−v 

     

37. GsX-¦nepw Xc-̄ n-epÅ Bi-b-Ip-g¸w t\cn-Sp-

t¼mÄ Fsâ [mcW icn-bmtWm F¶v Rm³ ]p\-

c-h-tem-I\w sN¿m-dp−v 

     

38. e£y-{]m-]vXn-¡p-th−n ka-bs¯ Rm³ {i²-

tbmsS {Iao-I-cn-¡m-dp−v 

     

39. F\n¡v Xmev]-cy-apÅ Imcy-§Ä Rm³ IqSp-XÂ 

]Tn-¡m-dp−v 

     

40. _p²n-ap-«p-Å-Xpw IqSp-XepÅ-Xp-amb ]mT-̀ m-K-s¯ 

sNdnb `mK-§-fm¡n ]Tn-¡m-\mWv F\n-¡njvSw 

     

41. IrXy-amb hni-Zmw-i-§-sf-¡mfpw sam¯-amb Hcp 

[mcW In«m-\mWv Rm³ {ian-¡m-dp-ÅXv 

     

42. ]pXnb Adnhv F\n¡v hyà-am-Im- -̄t¸mÄ 

ho−pw ho−pw Rm³ AXv ]Tn-¡m-dp−v 

     

43. Adnhv ]qÀ®-ambn DÄs¡m-Åm³ Ign-bmsX hcp-

t¼mÄ \nÀ¯n-bn«v Rm³ ho−pw ho−pw hmbn-

¡m-dp−v 

     

44. Fsâ _e-lo-\-X-IÄ Is−-¯m\pw AXv Xncp-

¯m\pw F\n¡v Ign-hp−v 

     

45. kzbw sa -̈s¸-Sm³ (sa- -̈s¸-Sp-̄ m³) FÃm-

bvt]mgpw Rm³ {ian-¡m-dp−v 

     

46. Fsâ ]cm-P-b-§sf hnP-b-¯n-te-¡pÅ Nhn-«p-]-Sn-

I-fm-bn-«mWv Rm³ ImWm-dp-ÅXv 

     

47. _rl-̄ mb ]mT-̀ mKw ]Tn-¡p-t¼mÄ eLp-te-J-

IÄ Ipdn-¨p-sh-bv¡p¶ ioew F\n-¡p−v 

     

48. HmÀs -̄Sp-¡m³ _p²n-ap-«pÅ Imcy-§Ä¡v ]e-

t¸mgpw Rm³ HmÀ¡m-\pÅ Nne Ipdp-¡p-h-gn-IÄ 

{]tbm-Kn-¡m-dp−v 

     

49. F\n¡v ]äp¶ hogvN-I-fpsS ImcWw I−p-]n-Sn¨v 

ASp-̄ -{]m-hiyw AXp-−m-hmsXbncn-¡m³ Rm³ 

FÃm-bvt]mgpw {ian-¡m-dp-−v. 

     

50. Rm³ km[m-c-W-bmbn ImWmsX ]Tn-¡msX Bg-

¯n-epÅ [mcW D−m-¡m-\mWv {ian-¡m-dp-ÅXv 

     



51. kzbw \S-̄ p¶ {]tNm-Z\w ]Tn-¡m-\pÅ Fsâ 

B{K-ls¯ hÀ²n-¸n-¡m-dp−v 

     

52. ]Tn¨ `mK-§Ä km[m-c-W-bmbn Rm³ \nXy-Po-hn-X-

¯nÂ {]tbm-K-¯nÂ hcp-̄ m-dp−v 

     

53. CS-bv¡nsS Rm³ apXnÀ¶ Ip«n-I-tfmSpw ]T-\-

¯nÂ ap³]-´n-bnÂ \nÂ¡p¶ Ip«n-I-tfmSpw Ah-

cpsS ]T-\-io-e-§-sf-¡p-dn¨p tNmZn-¡p-Ibpw Ah-

iym-\p-k-cWw D]-tbm-Kn-¡mdpw D−v 

     

54. ]mT-̀ m-K-§Ä Rm³ Fsâ kplr-¯p-¡-fp-ambn 

Rm³ NÀ¨ sN¿m-dp−v AXv Fsâ A\p-am-\-

§Ä¡v IqSp-XÂ hyàX \ÂImdp−v.  

     

55. F\n¡v a\-Ên-em-¡m³ _p²n-ap-«pÅ ]mT-̀ m-K-

§Ä¡v IqSp-XÂ kabw Rm³ sImSp-¡m-dp−v 

     

56. ap³Ime tNmZy-t]-̧ -dp-IÄ¡v D¯cw Is−¯n 

Rm³ Fsâ [mc-W-sb-̧ än ]cn-tim-[n-¡m-dp−v 

     

57. ]Tn¨ `mK-§Ä Rm³ Znh-tk\, BgvN-tXmdpw, 

amkw-tXmdpw F¶ coXn-bnÂ dnhn-j³ \S-¯m-dp−v 

     

58. F\n¡v A\p-tbm-Py-amb ]T-\m- -́co£w GsX¶v 

F\n-¡-dnbmw 

     

59. Fsâ ]T-\-¯n\p XSÊw krjvSn-¡p¶ Imcy-§sf 

Ft¸mgpw Rm³ Hgn-hm-¡m³ {ian-¡m-dp−v 

     

60. d^-d³kv {KÙ-§Ä hmbn-¡m³ F\n-¡n-jvS-amWv      

61. IqSp-XÂ Adn-hp-t\-Sm³ CâÀs\äv t\m¡m³ F\n-

¡n-jvS-amWv 

     

62. GIm-{KX \jvS-s¸-Sp-t¼mÄ AXv hos−-Sp-¡m³ 

Rm³ {ian-¡m-dp−v 

     

63. hnh-c-§Ä HmÀ¯n-cn-¡m³ th−n ]mT-]p-kvX-I-

¯nÂ ASn-h-c-bn-Sp-Itbm hr¯w  hc-bv¡p-Itbm 

sN¿m-dp−v 

     

64. F´p ]Tn-¡Ww F v́ Hgn-hm-¡Ww F¶-Xn-s\-̧ än 

Rm³ Xocp-am\w FSp-¡m-dp−v 

     

65. ]mT-]p-kvX-I-̄ nse hnh-c-§Ä Rm³ ]cn-tim-[n-

¡p-Ibpw hne-bn-cp-̄ p-Ibpw sN¿m-dp−v 

     

66. H¶nÂ IqSp-XÂ hgn-I-fp-]-tbm-Kn¨v Rm³ ]Tn-

¡m³ {ian-¡m-dp−v 

     



 



 

 

 

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 school,Perunnai         Std           : VIII 

Subject                      :   Biology                                                     Duration  : 35 min 

Unit                           :   Let’s regain our fields                               Date        :       

Topic                         :   Food safety and crises in agriculture       

                                                                                                                                         

Content Overview : 

Content Analysis : 

Terms: 

Facts : 

 

 

 

 

 

 

 

 

 

 

 

 

Concepts: 

Major Concept : 

 

 

Food safety 

 

Food security, scarcity of food 

• Food security is the condition that ensures sufficient 

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 problems 

of food scarcity. 

• Food scarcity is the insufficiency in amount of food 

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 

security. 

 

Food Security: Food security is the situation that ensures 

sufficient food for everyone to lead a healthy life. 



 

 

 

 

Learning Objectives                                

    Pre structural: 

 

 

Uni structural:  

 

 

Multistructural: 

 

 

 
 

Relational: 

Extended Abstract: 
 

Learning materials: 

 

 

Pre requisites: 

 

 

Pupils are unaware of food security, food scarcity and 

relationship between available land for cultivation, rice 

production and population. 

Understands food scarcity, problems related to scarcity of 

food and verifies relationship between available land for 

cultivation, rice production and population. 

Analyses food security bill, makes inferences by observing 

chart showing  yearwise description of  the relationship 

between available land for cultivation, rice production and 

population. 

Defines food security and identifies effects of food scarcity 

Suggests ways to ensure food and to regain fields. 

• Paper cuttings showing food security bill.   

• Chart showing year wise analysis of rice production, 

available land for cultivation, and population growth 

 

• 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 SOLO taxonomy Evaluation 

Introduction: 
 
 
 
 

Teacher asks students about the condition of 
agriculture near their house. Students respond to 
the question by describing the pathetic condition 
of agriculture in their area. Teacher by stressing 
the need to cherish agriculture moves to the topic 
food safety and crises in agriculture (BB) 

 

Food security: 
and food 
scarcity:  

Pre structural: 
Pupils are unaware of food security and food 
related issue. They don’t know how to define 
food security and how to solve problems related 
to food scarcity. 

 

 Uni structural 

Teacher shows some pictures related to food 
scarcity. Students gets some knowledge about 
the problems related to scarcity of food 

Defines food 
security. 
Understands 
FoodSecurity 
Bill.  
Suggest 
measures to 
ensure food 
security in 
the country. 

 Multi structural 

Teacher shows a paper cutting describing food 
security bill passed by Loksabha. 

 

 

Students realize that Government of India took 
an initiative to distribute food grains at lower 
rate for ensuring food to poor people. 

 
 
 
 
 



 

 

 

 
 
 

Content Level of SOLO 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 practices 

etc. 

 

Relationship 

between 

area for 

cultivation, 

production 

of rice and 

population 

in different 

years. 

Pre structural 

Students don’t   know the relationship between 

area for cultivation, production of rice and population 

growth in different years. 

Uni structural 

Teacher shows a chart depicting relationship between 

area available for cultivation, production of rice and 

population rate in different years 

 

 

Compares 

and contrasts 

information 

given on the 

table. 

Suggest 

measures to 

regain the 

lost fields. 



 

 

 

Content Level of SOLO taxonomy Evaluation 

 CHART 

Year Rice Production Population 

in crores 

 

Land for 

cultivation    

in lakh 
hectors             

Production in 

lakh tones               

1971   8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

 

Students observe the chart and notices details 

written under each heading.  

Multi structural 

Teacher asks students to write the inferences 

evolved from the chart in their note book.  

Students write their inference; as year goes up 

area available for cultivation of rice and its production 

also decreases but there is an increase in population. 

Relational  

Teacher directs students to discuss the effects of food 

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 to regain 

the fields.  

Students say that by creating a culture of love towards 

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 security passed by LokSabha 

 

 

 

 

 

 

 

 

 

 

 

 



APPENDIX-  VI B 

LESSON PLAN TRANSCRIPT BASED ON SOLO TAXONOMY I 

(Malayalam Version) 

Name of the teacher  : tchXn F³     

Name of the school  : F³.Fkv.Fkv,t_mbvkv             Std : VIII 

                        sslkvIqÄ,  s]cp¶              Duration    : 35min 

Subject   : Poh-imkv{Xw        Date          : 
Unit   : hos−-Sp¡mwhnf-\n-e-§Ä 

Topic   : `£ykpc£ 

  

Content Overview `£y-kpc£ 

Content Analysis  

Terms: `£y-kpc£, `£WZuÀe`yw 

Facts: • FÃm-hÀ¡pw Bh-iym\pkcWw `£Ww e`y -am-Ip¶ 

kml-N-cyamWv `£y -kp-c-£. 

• BtcmKy]qÀW-amb Hcp \Ã kaq-l-̄ n\v `£y--kp-c£ 

AXy´m-t]-jn-X-am-Wv.  

• P\-kw-JymhÀ²-\hv, Adn-hn-Ãm-bva, hf-¡q-dp-ff 

a®nsâ e`y -X-Ip-d-hv, Imem-hØmhyXn-bm\w, IoS-§-

fpsS B{I-aWw F¶nh `£yZuÀe`yXbv¡p Imc-W-am-

Ip-¶p.  

• imkv{Xo-b-amb IrjncoXn-I-fn-eqsS `£y-kpc£bpsS 

{]iv\-§Ä ]cn-l-cn-¡m-\mhpw 

• Bh-iy-amb Af-hnÂ `£Ww e`yam-Im-Xn-cn-¡pI, 

`£W ]ZmÀ°-§-fpsS Ipdhv F¶nh `£yZuÀe`yX-

bn-te¡v \bn-¡p-¶p. 

• `£y-ZuÀe`y-X Zmcn-{Z-y¯n-\pw, t]mjImlm-c-Ip-d-hn\pw 

Imc-W-am-Ip¶p. 

• P\-kw-Jy, `£y-e-̀ y-X, `£y-A`nKayX, `t£ym]-tbmKw 

F¶nh BWv `£yZuÀe-̀ y-Xsb \nÀW-bn-¡p¶ LS-I-

§Ä 

• P\-kw-Jym hÀ²-\hv `£y--kp-c-£bv¡v Hcp shÃp-hn-fn-

bm-Wv. 



Concepts  

Major concept: 

 

 
Learning Objectives  

 

`£y-kp-c£:GhÀ¡pw BtcmKy]-c-amb PohnXw \bn-

¡p-¶-Xn\p th− `£Ww Bh-iym\pk-cWw e`yam-

Ip¶ kml-N-cyamWv `£ykp-c-£. 

 

Pre structural :  Pupil are unaware of food security, food scarcity and 

relationship between available land for cultivation, rice 

production and population. 

Uni structural:  Understands food scarcity,problems related to scarcity of food 

and verifies relationship between available land for cultivation, 

rice production and population. 

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. 

Pre requisites:  • BtcmKy]-c-amb  \ÃPohnXw \bn-¡m³ `£Ww 

Bh-iy-amWv. 

• Irjn-bn-eqsS `£Ww e`y-am-Ip¶p. 

• tIc-f-¯n-se {][m\ ImÀjnIhnf-I-fnÂ H¶mWv 

s\Ãv. 

• `£-W-¯n-sâ e`yX¡pdhv A]-t]mjW-¯n-te¡v 

\bn-¡p¶p. 

Learning materials: • `£y-kp-c-£m _nÃns\ ]än-bp-ff ]{X-hmÀ¯-IÄ 

• s\ÃpÂ]m-Z-\w, Iyjn-bn-S-¯nsâ hnkvXrXn, 

P\kwJy F¶n-hbpsS hmÀjn-I hni-I-e\w AS-

§nb NmÀ«v. 

 

 

 

 

 



Content  Learning Activity Response/ 
Evaluation 

 Introduction  

So¨À Ip«n-I-tfm-Sv- A-h-cpsS hoSn\p Npäp-]m-SpÅ 

Irjn-bpsS Ah-Ø-sb-]än tNmZn-¡p-¶p.-Ip«n-IÄ Ah-

cpsS hoSn-\-Sp-̄ pÅ Irjn-bpsS timN-\obamb Ah-

Øsb]än ]d-bp-¶p.Irjnsb A`nhr²ns¸Sp-t¯-−-

Xnsâ Bh-iy-I-Xbv¡v Du¶Â sImSp-̄ p- sIm−v 

`£y-kp-c-£bpw ImÀjn-I-ta-J-ebnse {]Xn-k-Ôn-

Ifpw F¶ ]mT-̀ m-K-t¯bv¡v IS-¡p-¶p. 

 

 

 

 

 

 

 

`£y-      
kp-c£ 
`£y            
ZuÀe-̀ y-X 

Pre structural   

Ip«n-IÄ¡v `£y-kp-c-£sb ]änbpw A\p-_Ô 

{]iv\-§-sf-]-änbpw Adn-bnÃ. AhÀ¡v `£y-kp-c-£ 

\nÀÆ-Nn-¡m\pw `£yZuÀe-̀ y-XsbsIm−pÅ {]iv\-

§Ä ]cn-l-cn-¡m-\pÅ amÀ¤-§-sf-¡p-dn¨pw Adn-bn-Ã. 

 

`£ykpc-£- 
\nÀÆ-Nn-¡p¶p 
`£ykpc-£m 
_nÃv 
Fs´mW¶p 
a\Ênem¡p¶p 

 Uni structural   

`£yZuÀe-̀ y-Xsb ImWn-¡p¶ Nn{X-§Ä So¨À 

ImWn-¡p¶p Ip«n-IÄ¡v `£yZuÀe-̀ y-Xsb Ipdn-

¨pÅ Hcp GItZi[mcW In«p-¶p. 

 

 Multistructural 

So¨À `£y kpc-£-m_n-Ãns\ Ipdn-¨pÅ]{X-

hmÀ¯ ImWn-¡p-¶p. 

 

 

 ]mh-s¸-«-hÀ¡v Ipd-ª-\n-c-¡nÂ `£y[m\y-§Ä 

e`y-am-¡p-¶-Xn-\pÅ C´y-K-h¬saânsâ Hcp XpS¡-

amWv `£ykpc-£-m_n-Â F¶v Ip«n-IÄ a\-Ên-em-¡p-

¶p. 

 

 Relational 
So¨À Ip«n-I-tfmSv `£y-kp-c-£bv¡v Hcp \nÀÆ-

N\w cq]o-I-cn¡m³ \nÀt±-in-¡p-Ibpw 

 



Content  
Learning Activity 

Response/ 
Evaluation 

 AXn-\m-h-iy-amb klmbw sN¿p-I-bpw sN¿p-¶p. 

Btcm-Ky-I-c-amb PohnXw \bn-¡p-¶-Xn-\p-th−n 

`£Ww Bh-iym\p-k-cWw e`y-am-¡p¶ kml-N-cy-

amWv `£y-kp-c-£ F¶v Ip«n-IÄ \nÀÆ-Nn-¡p-¶p. 

 

 Extended Abstract 

\½psS cmPy¯v `£y-kp-c£ Dd-̧ m¡p¶Xn\mbn 

NneamÀ¤-§Ä \nÀt±-in-¡p-hm³ So¨À Bh-iy-s¸-Sp-

¶p. 

Ip«n-IÄ XmsgsImSp-¯n-cn-¡p-¶-Xp -t]m-se-bpÅ 

\nÀt±-i-§Ä apt¶m«phbv¡p-¶p. 

• imkv{Xo-b-am-b- Ir-jn-co-Xn-IÄ kzoI-cn-¡p-I. 

• \nbaw hgn FÃm-hÀ¡pw `£Ww Dd-̧ m--¡p-I. 

• DÂ]m-Z-\-s¨ehv Ipd-bv¡p-I. 

• Irjn-sN-¿p-¶-Xn-\m-h-iy-amb Kh¬saâp-

Xe¯nepÅ t{]mÕm-l\w Dd-̧ m-¡p-I.  

• \Ã Irjn-co-Xn-Isf¡pdn -̈SpÅ ]cn-io-e\ ¢mÊp-

IÄ kwL-Sn-̧ n-¡p-I. 

 

 

Irjn-bn-S-

¯nsâ 

hnkvXr-Xn, 

s\ÃpÂ]m-Z-\w,  

F¶nh 

X½n-epÅ 

_Ôw 

Pre structural   

Ip«n-IÄ¡v Irjn-bn-S-¯nsâ hnkvXr-Xn, 

s\ÃpÂ]m-Z-\w,  F¶nh X½n-epÅ _Ôw Adn-bn-Ã. 

 
 

 

Unistructural   

So¨À Irjn-bn-S-¯nsâ hnkvXr-Xn, s\ÃpÂ¸m-Z-\w,  

F¶nh X½n-epÅ _Ôw F¶nh ImWn-¡p¶ NmÀ«v 

Ip«n-IÄ¡v ap¼nÂ {]ZÀin-̧ n-¡p¶p 

 

]«n-I-bmbn 
NmÀ«nÂ sIm-
Sp-¡p¶ hnh-
c-§Ä Xmc-
Xayw sN¿p-
¶p.- 

 

Irjn-bn-S-§Ä 
ho-s−-Sp-¡p-
¶-Xn-\pÅ 
amÀ¤-§Ä 
apt¶m-«p-h-
bv¡p-¶p. 

 

 



Content  Learning Activity Response/ 
Evaluation 

 NmÀ«v 

Multistructural 

NmÀ«v \nco-£n¨v ]«n-I-bnse hnh-c-§Ä¡-\p-k-

cn¨v \nK-a-\-§Ä cq]o-I-cn¨v t\m«p-_p-¡nÂ tcJ-s¸-

Sp-̄ p-hm³ Bh-iy-s¸-Sp-¶p. 

hÀjw apt¶m«p t]mIp-t´mdpw Irjn-bn-S-¯nsâ 

BsI hnkvXrXn, s\Ãp]Âm-Z\w, F¶nh Ipd-bp-Ibpw 

]s£ P\-kwJy IqSp-Ibpw sN¿p¶p F¶v Ip«n-IÄ 

\nK-a-\-¯n-se¯ntNcp-¶p. 

hÀjw s\ÃpÂ]m-Z-\w P\kwJy- 
(tImSn) 

 Irjn-bn-S-̄ nsâ 
hnkvXr-Xn 

DÂ]m-Z\w           
(e£w S®nÂ) 

 

1971 8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

 

 Relational 

`£yZuÀe-̀ y-X-bpsS {]`mhw sIm−v F´p-−m-

Ip¶p F¶v {Kq¸nÂ NÀ¨ sNbvXv ¢mÊnÂ Ah-X-cn-

¸n-¡m³ So¨À Ip«n-I-tfmSv Bh-iy-s¸-Sp-¶p. 

Ip«nXmsg ]d-bp¶ hkvXp-X-IÄ Ah-X-cn-̧ n-¡p-¶p. 

• Zmcn{Zy-w hÀ[-n-¡p-¶p.  

• Acn-¡p- th−n aäv kwØm-\-§sf B{i-bn-

t¡−n hcp-¶p.  

• hneIqSp-¶p.  

• Irjn-bn-S-̄ nsâ BsI hnkvXrXn Ipd-bp-¶p. 

 

Extended 

Abstract 

hnf-\n-e§Ä hos−-Sp-¡m\mh-iy-amb Nne amÀ¤-

§Ä apt¶m«p hbv¡m³  So¨À Ip«n-I-tfmSv Bh-iy-

s¸-Sp-¶p. 

Irjn-tbm-SpÅ kvt\lw Hcp kwkvIm-c-ambn 

amän-bmÂ \jvSs¸« Irjn-bn-S-§Ä \ap¡v hos−-Sp-

¡m³ ]äp-sa¶v Ip«n-IÄ ]d-bp-¶p. 

 



Review  

• `£y kpc£ F¶mÂF v́? 

• `£y kpc£bpsS Bh-iy-IX F v́? 

• `£y kpc£_nÃn-s\- Ip-dn¨v IqSp-XÂ hnh-c-§Ä tiJ-cn-¡p-I. 

Follow up Activity  
temIk` ]mkm-¡nb `£y-kp-c£ _nÃns\ Ipdn¨v IqSp-XÂ hnh-c-§Ä 

tiJ-cn-¡pI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

APPENDIX  -VII A 

LESSON TRANSCRIPT BASED ON SOLO TAXONOMY 2 

(English Version) 

Name of the teacher  :   Ravati   N 

Name of the school   :   N.S.S. Boy’s High School,Perunnai         Std           : VIII 

Subject                      :   Biology                                                     Duration  : 35 min 

Unit                           :   Let’s regain our fields                               Date        :       

Topic                         :   Crises in the Agricultural sector 

                                              

Content over view: 

 

Content Analysis  

Terms :  

 

 Facts : 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Concept  

Major concept: 

 

Crises in the agricultural sector, soil fertility, pH of the soil 

and soil testing. 

 

Crises in the agricultural sector, essential element, pH of the 

soil. 

• Problems in agriculture can be solved by scientific 

approach. 

• Elements required for the proper growth of plants are 

known as essential elements. 

• Essential elements are made  naturally available in the 

soil through decomposition by micro organism  

• Climate change, fall in price, cost of production etc. 

are some obstacles faced by farmers. 

• pH is an important factor that influence the growth of 

plants. 

• Presence of elements in the soil and the pH value can 

be identified by soil testing. 

• Organisms like bacteria, fungi, algae, termite, earth 

worm etc. can help to increase soil fertility. 

 

Crises in agriculture: Farmers face many obstacles like, 

climate change, fall in price, cost of production, crop loss, 



 

 

 

 

 

 

Instructional objectives 

 Pre structural: 

 

Uni structural:  

 

 

Multi structural: 

 

Relational: 

 

 

Extended Abstract: 

 

 

Pre requisites : 

 

 

 

Learning Material: 

lack of space, exploitation by middle man which leads to 

crises in agriculture 

 

 

Pupil is 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 elements present in the soil. 

Students combine and analyses factors responsible for crisis in 

agriculture and tries to suggest measures to the problems. 

Students recognizes 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 

 

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 soil testing 

 

 
 
 
 
 
 
 



 

 

 

 

 

Content Levels of SOLO Taxonomy Evaluation 

 

 

 

 

 

 

 

Introduction 

Teacher tells a story about few farmers who 

complained about their loss in agriculture to their king. 

They said they had to face many challenges to get a 

better yield. King understood the difficulties of farmers 

and put many policies to solve those problems for 

ensuring food to all people in this country. After saying 

this story teacher moves to the topic crises in 

agriculture (BB). 

 

 

 

 

 

 

 

 

 

Crisis in 

agriculture 

sector  

Pre structural  

Children don’t know how to describe crisis in 

agricultural sector. 

Uni structural 

Teacher asks students to list some factors 

responsible for crisis in agriculture. 

Students list some factors like drought, storm, 

plant diseases etc.  

Multistructural 

Teacher shows a chart showing main reasons 

behind crisis in agriculture. 

CHART 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 
 
 
Explains 
obstacles faced 
by farmers. 
Suggests 
measures to 
solve current 
problems in 
agriculture. 

OBSTACLES FACED BYFARMERS TODAY 
 

Climate 
change  

Exploitation by 
middle man  

 

 

Crop loss  

Health 
issues 

Environment 
destruction  

Lack of 
space  

Fall in 
Price 

 



 

 

 

Content Levels of SOLO Taxonomy Evaluation 

 Students recognize the factors behind crises in 
agriculture and note it in their note book. 

Relational  

Teacher asks students to combine the factors 
responsible for crisis in the agricultural sector and 
describe how it affects agriculture.  

Students points out how exploitation of middle 
man, climate change, fall in price, cost of production, 
and crop loss lack of space, environmental destruction 
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 reports it in 
the class.  

 

Fertile 

soil as the 

basis of 

food 

security 

Pre structural  

Pupil are unaware about the essential element and 

testing of soil  

Uni structural  

Teacher asks students to write few names of 

elements present in the soil, which help in plant growth  

Pupil writes Nitrogen, carbon, Hydrogen etc. 

Multistructural 

Teacher displays chart about essential elements 
necessary for the growth of plant. 

CHART 
  

 

 

 

 

 

Defines 

essential 

elements. 

Lists essential 

elements. 

Suggests 

measures to 

regain fertility 

of the soil. 

 

 

 

 

 

 

 

 
 

Soil Testing 
• Essential elements are required for proper growth 

of plants 
• Carbon, Hydrogen, Nitrogen and Phosphorous and 

examples 
• pH of the soil influences the growth of pants 
• Presence  of elements in the soil and pH can be 

identified by soil testing  

 



 

 

 

Content Levels of 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 the 

essential elements to make them available for the 

plants. Teacher asks students how one could know 

the presence of essential elements in the soil. 

Students recognize the significance of pH in 

the soil and its effect on plant growth. They say that, 

it is by testing of soil, we can find out the presence 

of elements and pH in the soil.  

Extended Abstract 

         Teacher asks the students to discuss on how 

composition of the soil affects growth of crops and 

why it is said that natural fertilizers are better than 

chemical fertilizers. 

 

          Pupils after discussion reports that there are 

many organisms present in the soil like bacteria, 

fungi, algae, termites, earthworm which help in 

decomposition of essential elements and increases 

soil fertility. All those natural organisms are 

destroyed by use of chemical fertilizers which 

destroy the natural soil texture and microorganisms 

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 information about soil 

testing 
 



APPENDIX - VII B 

LESSON PLAN TRANSCRIPT BASED ON SOLO TAXONOMY II 

(Malayalam Version) 

 

Name of the teacher  : tchXn F³     

Name of the school  : F³.Fkv.Fkv,t_mbvkv             Std : VIII 

                         sslkvIqÄ,  s]cp¶                Duration  : 35min 

Subject   : Poh-imkv{Xw                Date  : 
Unit   : hos−-Sp¡mw hnf-\n-e-§Ä 

Topic   : ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ 

 

Content Overview: ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ, a®nsâ ^e-]qjvSn-, 

a®nsâ pH a®p]cn-tim-[\. 

Content Analysis  

Terms: ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ, Ahiyaqe-I-§Ä,  

a®nsâ pH 

Facts: • imkv{Xob kao-]-\-¯n-eqsS ImÀjnI taJ-e-bpsS 

{]iv\-§Ä ]cn-l-cn-¡m-\mIpw 

• kky-§-fpsS Xzcn-X-amb hfÀ¨bv-¡m-h-iy-amb aqe-I-

§sf Ah-iy-aq-e-I-§Ä F¶p ]d-bp-¶p. 

• kq£aPohn-I-fpsS hnL-Sn-̧ n-¡Â {]hÀ¯\w aqew 

Ahiyaqe-I-§Ä a®nÂ {]Ir-Xn-Z-¯-ambn e`y-am-Wv. 

• kky-§-fpsS hfÀ¨sb kzm[o-\n-¡p¶ Hcp {][m\ 

LSIw BW va®nsâ pH 

• a®p-]-cn-tim-[-\-bn-eqsS a®nse aqe-I-§-fpsS km¶n-

[yhpw, pH aqeyhpw Xncn-̈ -dn-bmw. 

• _mIvSo-cn-b-IÄ, Ipan-fp-IÄ, BÂKIÄ, NnXÂ, a®nc 

XpS-§nb Pohn-hÀ¤-§Ä a®nsâ ^e-]qjvSn hÀ²n-̧ n-

¡p-hm³ klm-bn-¡p-¶p-−v. 



Concepts  
Major concept: 
 

 

 

 

 

 

ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ: Irjn-¡mÀ A`n-ap-

Jo-I-cn-t¡−n hcp¶  Imem-h-Øm-hyXn-bm-\w, 

hne\jvSw, DÂ]m-Z\s¨e-hv, hnf-\jvSw, Øe]cn-anXn, 

CS-\n-e-¡m-cpsS NqjWw F¶o {]Xn-_-Ô-§Ä ImÀjn-I-

ta-J-e-bnse {]Xn-k-Ôn¡p Imc-W-am-Ip-¶p. 

Pre Structural :  Pupil are unaware of the obstacles faced by farmers, essential 

elements, and soil testing. 

UniStructural : Students list factors responsible for crisis in agriculture and 

gives more examples for essential elements present in the soil. 

MultiStructural: Pupil recognizes all the factors responsible for crisis in 

agriculture and notes essential elements present in the soil. 

Relational: Students combine and analyses factors responsible for crisis in 

agriculture and tries to suggest measures to the problems. 

Students recognize the significance of pH in the soil. 

Extended Abstract: Children suggests various ways to solve the crisis in 

agriculture and reports how bio fertilizers are better than 

chemical fertilizers 

Pre Requisites:  • IÀj-I³ A`n-ap-Jo-I-cn-¡p¶ {]iv\-§Ä  

• ImemhØmhyXn-bm\w Irjnsb {]Xn-Iq-e-ambn 

_m[n-¡p-¶p.  

• Irjn-bn-S-̄ nsâ Afhv Ipd-ªp- sIm-−n-cn-¡p-¶p.  

• cmk-h-f-§Ä a®nsâ ta· XÀ¡p-¶p.  

Learning Materials: • ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn-IÄ ImWn-¡p¶ 

NmÀ«v. 

• a®v ]cn-tim[\-bpsS hnh-c-§Ä AS-§nb NmÀ«v 

 

 

 

 

 

 



 
Learning Activity 

Response/ 
Evaluation 

 

 

 

 

 

 

 

 

 

 

 

 

ImÀjn-I- 
ta-J-e-bnse 
{]Xn-k-Ôn-
IÄ 

 

 

 

 

 

 

 

 

 

 

Introduction 

Irjn-bn-ep-−mb \jvSs¯ Ipdn¨v cm-Pmhnt\mSv     

]cm-Xn-s¸-Sm³ F¯nb Ipd¨v IÀj-I-cpsS IY ]dªp 

sIm−v So¨À ]mTw XpS-§p-¶p. \Ã hnfhp In«m³ th−n 

AhÀ¡v ]e shÃp-hn-fn-Ifpw t\cn-tS−n h¶p F¶-hÀ ]d-

ªp. IÀjÀ¡p-−mb _p²n-ap«v a\-Ên-em-¡n    Ah-cpsS 

{]iv\§Ä¡v ]cn-lmcw I−v FÃm-hÀ¡pw `£Ww Dd¸m-

¡p-¶Xn-\mbn Nne Imcy]cn-]m-Sn-IÄ \S-̧ m-¡n. IY-bv¡p-

tijw So¨À ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn-IÄ F¶ 

]mT-̀ m-K-t¯bv¡p IS-¡p-¶p. 

Pre Structural   

ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn-IÄ Fs´m-s¡bm-

sW¶v hni-Zo-I-cn-¡m³ Ip«n-IÄ¡-dn-bn-Ã. 

Uni Structural   

ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn-IÄ¡p Imc-W-amb 

LS-I-§sf ]«n-I-s¸-Sp-¯m³ So¨À Ip«n-IÄ¡v \nÀtZiw 

\ÂIp-¶p- 
h-cÄ¨, sImSp-¦mäv, hnf-IÄ¡p-−m-Ip¶ tcmK-§Ä 

F¶n-h-bmWv LS-I-§Ä F¶v Ip«n-IÄ ]d-bp¶p. 

Multi structural 
ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ ImWn-¡p¶ NmÀ«v 

So¨À ¢mÊnÂ {]ZÀin-¸n-¡p-¶p. 

NmÀ«v 

C¶s¯ IÀj-I³ A`n-ap-Jo-I-cn-¡p¶ {]Xn-k-Ôn-IÄ 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Irjn-¡mÀ A`n-

ap-Jo-I-cn-¡p¶         

{]Xn-_-Ô-§Ä 

hni-ZoIcn¡p¶p. 

{]Xn-k-Ôn-IÄ 

XcWw sN¿m-

\pÅ amÀ¤-§Ä 

apt¶m«p hbv¡p-

¶p 

 

 

 

 

 

 

 

 

 

 

Imem-h-Øm -
hy-Xn-bm\w hnf-\jvSw 

hne-\-jvSw 
Øe-]-cn-an-Xn 

]cn-ØnXn 

CS-\n-e-¡m-
cpsSNqjWw. 

BtcmKy 
{]iv\-§Ä 



 Learning Activity Response/ 
Evaluation 

 Relational 

ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn-IÄ¡v Imc-W-amb LS-

I-§sf GtIm-]n-̧ n¨v Ah F§s\bmWv Irjnsb _m[n-

¡p-¶-sX¶v hni-Zo-I-cn-¡m³ \nÀt±-in-¡p-¶p. 

CS-\ne¡mcpsS NqjWw, ImemhØmhyXn-bm\w, 

hne\jvSw, DÂ]mZ\s¨ehv, Øe]cn-anXn, ]cnØnXn\miw, 

BtcmKy {]iv\-§Ä F¶nh BWv ImÀjn-I-ta-J-e-bnse 

{]Xn-k-Ôn-IÄ¡v Imc-Ww F¶v Ip«n-IÄ ]d-bp-¶p. 

 

 Extended Abstract 

ImÀjn-I-ta-J-e-bnse {]Xn-kÔn XcWw sN¿m³ Nne 

amÀ¤-§Ä \nÀ±-in-¡m³ So¨À Ip«n-I-tfmSm-h-iy-s¸-Sp-¶p.  

Ip«n-IÄ ]e Xc-¯n-epÅ amÀ¤-§Ä \nÀt±-in-¡p-Ibpw 

Ah ¢mÊnÂ Ah-X-cn-¸n-¡p-Ibpw sN¿p-¶p. 

 

 

hf¡q-

dpÅ a®v 

`£y-

kp£bv¡v 

B[mcw 

Pre Structural   

Ah-iy-aq-e-I-§sf ]änbpw a®v- ]-cn-tim-[-\sbIpdn¨pw 

Ip«n-I-Ä¡v Adn-bn-Ã. 

Un Structural 

a®nÂ AS-§n-bn-«pÅ Nne aqe-I-§-fpsS t]cv Fgp-

Xm³ Ip«n-I-tfmSv So¨À Bh-iy-s¸-Sp-¶p. 

Ip«n-IÄ ImÀ_¬, ssl{U-P³, ss\{S-P³F¶vFgp-

Xp-¶p. 

Multi structural 

Ah-iy-aq-e-I-§sf ]änbpÅ hnh-c-§Ä AS-§nb 

NmÀ«v So¨À ¢mÊnÂ Ah-X-cn-̧ n-¡p-¶p.  

 

 

Ah-iy-aq-e-I-
§Ä 
F´msW¶v 
\nÀÆ-Nn-¡p¶p. 
Ah-iy-aq-e-I-
§fpsS enÌv 
X¿m-dm-¡p¶p 

a®nsâ ^e-
]qjvSn hos−-Sp-
¡m³ amÀ¤-
§Ä \nÀt±-in-
¡p¶p 

 

 

 

 

 

 



 Learning Activity Response/ 
Evaluation 

 NmÀ«v 

a®p-]-cn-tim-[\ 

� kky-§-fpsS \Ã-co-Xn-bn-epff hfÀ¨bv¡v 
Ahiyaqe-I-§Ä AXy-́ m-t]-£n-X-am-Wv. 

� ImÀ_¬, ssl{U-P³, ss\{S-P³, t^mkv^-d-kv, 
F¶nh Ahiyaqe-I-§Ä¡v DZm-l-c-W-§-fm-Wv. 

� a®nsâ pH sNSn-bpsS hfÀ¨sb kzm[o-\n-¡p-¶p. 

� a®p- ]-cn-tim-[-\-bn-eqsS a®nsâ pH aqeyw, hnhn[ 
aqeI-§-fpsS km\n[yw F¶nh Adnbmw.  

 

NmÀ«v \nco-£n- -̈Xn\p tijw kky-§-fpsS hfÀ¨bv-¡m-

h-iy-amb Ahiyaqe-I-§Ä GsXm-s¡-bm-sW¶ vt\m«p-_p-

¡nÂ Fgp-Xp-I. 

 

 Relational 

a®nsâ pHaqeyw kky-h-fÀ¨sb F§s\ kzm[o-\n-

¡p¶p F¶v So¨À hni-Zo-I-cn-¡p-¶p. kq£vaPohn-IÄ 

Ahiyaqe-I-§-sf- hn-L-Sn-̧ n¨v sNSn-IÄ¡v e`y-am-¡p-¶p. 

a®nse Ahiyaqe-I-§-fp-sS- km-¶n²yw F§s\ \ap¡v 

Xncn-̈ -dnbmw F¶v Ip«n-I-tfmSv So¨À tNmZn-¡p-¶p. 

sNSn-bpsS hfÀ¨sb a®nsâ pHF§s\ kzm[o-\n-

¡p¶p F¶v So¨À Ip«n-ItfmSv hni-Zo-I-cn-¡p-¶p. a®p-]-cn-

tim-[-\-bn-eqsS  Ah-iy-aq-e-I-§-fpsS km¶n²yw Adnbm³ 

Ignbpw. 

 

 Extended Abstract 

a®nsâ LS\ hnf-I-fpsS hfÀ¨sb F§s\ kzm[o-\n-

¡p¶p F¶pw, ssPhhf-§Ä cmk-h-f-§-sf-¡mÄ \Ã-Xm-

sW¶v F´p-sIm−mWv ]d-bp¶-sX¶pw NÀ¨ sN¿m³ 

Ip«n-I-tfmSv Bh-iy-s¸-Sp-¶p.  

NÀ¨bv¡v tijw Ip«n-IÄ a®nse  _mIvSo-cn-b-IÄ 
Ipan-f-IÄ, BÂK-IÄ, NnXÂ, a®nc XpS-§nb Pohn-IÄ 
Ah-iy-aq-e-§-fpsS hnL-S-\-¯n\p klm-bn-¡p-¶p-s−¶pw 
A§s\ a®nsâ ^e-]qjvSn sa -̈s¸-Sp-̄ p¶ps−¶pw ]d-
bp-¶p. cmk-h-f-{]-tbmKwaqew Cu Pohn-IÄ Hs¡  \in¨p 
{]Ir-XnZ¯amb a®nsâ LS\amäp-Ibpw sN¿p-¶p. 



Review  

• F´mWv Ahiyaqe-I-§Ä? 

• a®p ]cn-tim-[\-bpsS {]m[m\ywF v́ ? 

• a®nsâ ^e-]qjvSn pHaqey-h-p-ambn F§s\ _Ô-s¸-«n-cn-¡p-¶p. 

 

 

Follow up Activity 
IrjnHm^okv kµÀin¨v a®p-]-cn-tim-[-\sb ]än-bpÅ hnhc§Ä tiJ-cn-¡p-I. 

 



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 school, Perunnai           Std   : VIII 

Subject                     :   Biology                                                 Duration  : 35 min 

Unit                          :   Let’s regain our fields                                 Date  :    

Topic                        :  Crises in the Agricultural sector   
 

 

 

 

Content over view: 

 

Content Analysis: 

Terms :  

 

 Facts : 

Crises in the agricultural sector, soil fertility, pH of the 

soil and soil testing. 

 

Crises in the agricultural sector, essential element, pH of 

the soil. 

Problems in agriculture can be solved by scientific 

approach. 

• Elements required for the proper growth of plants are 

known as essential elements. 

• Essential elements are made  naturally available in the 

soil through decomposition by micro organism  

• Climate change, fall in price, cost of production etc 

are some obstacles faced by farmers. 

• pH is an important factor that influence the growth of 

plants. 

• Presence of elements in the soil and the pH value can 

be identified by soil testing. 

• Organisms like bacteria, fungi, algae, termite, earth 

worm etc. can help to increase soil fertility. 

 



 

 

Concept  

           Major concept : 

 

Crises in agriculture: Farmers face many obstacles like, 

climate change, fall in price, cost of production, crop 

loss, lack of space, and exploitation by middle man 

which leads to crises in agriculture.  

Instructional Objectives  

Remembering : 

 

 

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 

Understanding : 

 

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 crises in agriculture. 

Applying :  

 

Pupil applies knowledge in,  

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 : 

 

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 : 

 

Pupil evaluates, 

Quality of soil. 

Problems faced by agriculture sector. 

Present methods of agriculture. 

Creating : 

 

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. 

Previous Knowledge : 

 

Learning Materials :  

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 agriculture. 

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 are 

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 teacher 

moves to the topic crises in 

agricultural sector (BB). 

Teacher shows a chart 

showing different factors 

affecting agriculture. Teacher 

explains how climate change, 

exploitation by middle man, 

fall in price, cost of 

production, crop loss, lack of 

space, environmental 

destruction and health issues 

affect agriculture. 

 

 

 

 

 

 

 

 

 

 

What are the 

factors causing 

crises in 

agriculture? 

 
 
 
 
 
 
 
 
 



Content Objective/specification Learning Experiences Evaluation 

 

 

 

 

 

 

 

 

 

 

Applying/ locates 
problem in agriculture 
sector expresses ideas 
to solve these problems 
 

 

 

 

CHART 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
Essential 
elements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
pH of 
the soil 
 

 
Understanding /cites 
examples of essential 
elements, defines 
essential elements. 
Applying/ arrives at a 
generalization that 
essential elements are 
necessary for plant 
growth.  
 
Understanding/ sees 
relationship between pH 
of the soil and plant 
growth.  
Analysis/locates parts 
of leguminous root 

 

Teacher explains that elements required 

for the proper growth of plants are known as 

essential elements (BB). Carbon, Hydrogen, 

Oxygen, Nitrogen, Phosphorous, Potassium, 

Sulphur (BB) are examples of essential 

elements in the soil. Teacher shows roots of 

leguminous plants to identity the presence of 

microorganisms and its effect on plant 

growth. 

 

 

 

 

 

Teacher explains that pH of the soil 

affect soil fertility. It can be tested in a 

laboratory.Optimum pH value is necessary for 

plant growth. Alkaline and acidic soil hinders 

plant growth. Teacher shows some pH papers 

used as pH indicators.  

 

 

What are 

essential 

elements? 

Give 

examples 

 

 

 

 

 

 

 

 

 

What is 

the effect 

of pH on 

plant 

growth? 

 

 

OBSTACLES FACED BY 
FARMERS TODAY 

 
Climate 
change  

Fall inprice 

Lack of space 
Exploitation 
by middle 

Crop loss  

Environment 
destruction  

Health issues 



 

Review Questions  

1. What are the obstacles faced by farmers 

2. Why soil testing is important in agriculture 

3. What are essential elements 

4. 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 the teacher  : tchXn F³     

Name of the school  : F³.Fkv.Fkv, t_mbvkv             Std : VIII 

                         sslkvIqÄ,  s]cp¶                Duration  : 35min 

Subject   : Poh-imkv{Xw                Date  : 
Unit   : hos−-Sp¡mw hnf-\n-e-§Ä 

Topic   : `£y kpc£ 

Content Overview `£y-kpc£ 

Content Analysis:  

Terms: `£y-kpc£, `£W ZuÀe`yw 

Facts: • FÃm-hÀ¡pw Bh-iym\pkcWw `£Ww e`y -am-

Ip¶ kml-N-cyamWv `£y -kp-c-£. 

• BtcmKy]qÀW-amb Hcp \Ã kaq-l-̄ n\v `£y--kp-

c£ AXy´m-t]-jn-X-am-Wv.  

• P\-kw-JymhÀ²-\hv, Adn-hn-Ãm-bva, hf-¡q-dp-ff 

a®nsâ e`y -X-Ip-d-hv, Imem-hØm hyXn-bm\w, IoS-

§-fpsS B{I-aWw F¶nh `£yZuÀe`yXbv¡p 

Imc-W-am-Ip-¶p.  

• imkv{Xo-b-amb IrjncoXn-I-fn-eqsS 

`£ykpc£bpsS {]iv\-§Ä ]cn-l-cn-¡m-\mhpw 

• Bh-iy-amb Af-hnÂ `£Ww e`yam-Im-Xn-cn-¡pI, 

`£W ]ZmÀ°-§-fpsS Ipdhv F¶nh 

`£yZuÀe`yX-bn-te¡v \bn-¡p-¶p. 

• `£y-ZuÀe`y-X Zmcn-{Z-¯n-\pw, t]mjImlm-c-¡p-d-

hn\pw Imc-W-am-Ip¶p 

• P\-kw-Jy, `£y-e-̀ y-X, `£y-A`nKayX `t£ym]-

tbmKw F¶nh BWv `£yZuÀe-̀ y-Xsb \nÀW-bn-

¡p¶ LS-I-§Ä 

• P\-kw-Jym hÀ²-\hv `£y--kp-c-£bv¡v Hcp shÃp-hn-

fn-bm-Wv. 

 



Concepts  
 

Major concept: 

 

`£y-kp-c£ GhÀ¡pw BtcmKy]-c-amb PohnXw \bn-
¡p-¶-Xn\p th− `£Ww Bh-iym\pk-cWw e`y-am-
Ip¶ kml-N-cyamWv `£y-kp-c-£. 

 

Learning  Objectives   

Knowledge  Domain: 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. 

Process Domain: Pupil develops process skills in, 
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. 

Application Domain: 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. 

Attitude Domain:  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. 

Creativity Domain:  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: • BtcmKy]-c-amb  \ÃPohnXw \bn-¡m³ `£Ww 
Bh-iy-amWv. 

• Irjn-bn-eqsS `£Ww e`y-am-Ip¶p. 

• tIc-f-¯n-se {][m\ ImÀjnIhnf-I-fnÂ H¶mWv 
s\Ãv. 

• `£-W-¯n-sâ e`yX¡pdhv A]-t]mjW-¯n-te¡v 
\bn-¡p¶p. 

Learning materials: • `£y -kp-c-£m-_n-Ãns\ ]än-bpÅ ]{X-hmÀ¯-IÄ 

• s\ÃpÂ¸m-Z-\-¯nsâ hmÀjn-I- I-W¡v ImWn-
¡p¶ NmÀ«v. 

• IÀj-I³ A`n-ap-Jo-I-cn-¡p¶ {]Xn-k-Ôn-IÄ 
ImWn-¡p¶ NmÀ«v. 

 

Content Objectives/ 
specifications 

Learning Experiences Evaluation 

Preparation Remembering/ 

alm-_-en-bpsS 

IY HmÀ¯p-

sIm−v C¶p \ne-

\nÂ¡p-¶-  `-£y-

e-̀ y-Xsb 

XmcXayw 

sN¿p¶p 

]−p- Im-e-¯v tIcf¯nse 

cmPm-hm-bn-cp¶ alm-_-en-

tbbpw  At±-l-̄ nsâ `c-

W-¯n-sâbpw IY ]dªp 

sIm−v So¨À XpS-§-p-¶p. 

A¡m-e¯v H¶n\pw Hcp 

_p²n-ap«pw CÃm-bn-cp-¶p. 

kzÀ¤-¯n-se¶ t]mse 

FÃmw kar-²-amb Ime-L-«-

am-bn-cp-¶p. P\-§Ä¡v Bh-

iy-amb `£-Whpw Btcm-

Ky-hpw -D-−m-bn-cp-¶p.  

 

 

 

 

 

 

 



Content Objectives/ 
specifications 

Learning 
Experiences 

Evaluation 

 

 

 C¶s¯ tIc-f-̄ nsâ 

¶s¯  AhØbpw 

alm-_-en-bpsS Ah-

Ø-bp-w alm-_-en-

bpsS `c-W-Im-es¯  

tIc-f¯nsâ Ah-Ø-

bp-ambn Xmc-Xayw 

sN¿pI, F¶n-§-s\-

bpÅ NnetNmZy-§Ä 

So¨À tNmZn-¡p-¶p. 

Ip«n-I-fpsS D¯-c-

§Ä¡p tijw `£y-

kp-c-£-bpsS (BB) 

Bh-iy-I-Xsb Ipdn¨v 

So¨À NÀ¨ sN¿p¶p. 

 

Presentation    

`£y-kp-c-

£m- _nÂ 

 

Understanding/ 

`£y-kp-c-£m-

_nÂ hni-I-e\w 

sNbvXv {][m-\-

s¸« Bi-b-§Ä 

hni-Zo-I-cn-¡p-

¶p. 

temI-k-̀ -bnÂ `£y- 

kp-c-£m-_n-Ãn\v A\p-

aXn \evIn F¶ ]{X-

hmÀ¯  So¨À, Ip«n-

IÄ¡v ImWn-¨p- sIm-

Sp-¡p-¶p. Ipd-ª-   \n-

c-¡nÂ  `-£y-[m-\y-hn-

X-cWw  Cu _n-ÃnÂ 

Dd-̧ p-\ÂIp-¶p. 

aq¶qcq] \nc-¡nÂ 

Acnbpw c−p-cq-] \nc-

¡nÂ tKm-X¼pw hnX-

cWw sN¿m³ \nb-a-]-

c-ambn hyhØ sN¿p-

¶p. 

`£y-kp-c-£m-

_nÂ hni-Zo-I-cn-

¡p-I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Content Objectives/ 
specifications 

Learning Experiences Evaluation 

`£y-

ZuÀe-̀ y-

X-bpsS 

Imc-W-

§Ä 

 

Understanding/ 

`£y-ZuÀe-̀ y-X-

bpsS Imc-W-

§Ä ]«n-I-s¸-Sp-

¯p¶p.  

Understanding/ 

`£y-ZuÀe-̀ y-X-

\nÀÆ-Nn-¡p-¶p. 

Applying/  

`£y-ZuÀe-̀ y-

Xbv¡p {]Xn-hn-

[n-IÄap³Iq-«n     

]dbp-¶p 

`£y-ZuÀe-̀ y-X-bpsS Imc-W-§Ä ]d-

bm³ So¨À Ip«n-IÄ¡v \nÀt±iw 

\ÂIp-¶p.- Ip-«n-I-fpsS D -̄c-

§Ä¡p- tijw So¨À, `£y-ZuÀe-̀ y-

X-bpsS Imc-W-§Ä, P\-kwJym 

Aim-kv{Xo-b-amb Irjn-co-Xn-IÄ,  

Imem-hØm hyXn-bm-\w, (BB) 

F¶nh BsW¶v hni-Z-am-¡p-¶p. 

`£y-ZuÀe-̀ y-X-

bpsS Imc-W-

§Ä 

Fs´ms¡bm

Wv? 

`£y-

kp-c£ 

Understanding/ 

P\-kwJy, 

s\ÃpÂ¸m-Z-\w, 

Irjn-bn-S-

¯nsâ 

hnkvXrXn 

F¶nh      

X½n-epÅ 

_Ôw Xmc-

Xayw sN¿p-¶p.  

Applying/`£y-

ZuÀe-̀ y-X-bn-

te¡p    \bn-

¡p¶  Imc-W-

§sf 

kaÀ°n¨p 

ImWn-¡p¶p.  

Irjn-bn-S-̄ nsâ hnkvXr-Xn, 

s\ÃpÂ]m-Z-\w, P\-kwJy F¶nh 

ImWn¡p¶ NmÀ«v So¨À ¢mÊnÂ  

{]ZÀin-̧ n-¡p-¶p. 

NmÀ«v 

 

So¨ÀIp«n-I-tfmSvXmsgsImSp-̄ n-cn-

¡p¶ tNmZy-§Ä¡vNmÀ«v 

t\m¡nD¯cwIs−¯m³ ]d-bp-

¶p.  

hÀjw s\ÃpÂ]m-Z-\w P\kwJy- 

(tImSn) 

 Irjn-bn-S-
¯nsâ 

hnkvXrXn 

DÂ]m-
Z\w 

(e£w) 
S®nÂ) 

 

1971 8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

Irjn-bn-S-

¯nsâ hnkvXr-

Xn, s\ÃpÂ]m-Z-

\w, P\-kwJy 

F¶nh 

X½nepÅ 

_Ôw F v́ 

 



Content Objectives/ 
specifications 

Learning Experiences Evaluation 

 Evaluating/ 

`£yZuÀe`yX-

bpsS Imc-W-§-

tfm-SpÅ 

A\njvSw   {]I-

Sn-̧ n-¡p-¶p. 

kpN-I-§Ä 

• 1971 apXÂ 2011 hscIrjn-bn-S-

¯nsâ hnkv-XrXnbnÂ D−m-bn-

«p-ffamäw F´mWv? 

• Cu Ime-b-f-hnÂ s\ÃpÂ¸m-Z-

\hpw P\-kwJymhfÀ¨bpw X½n-

ep-ff _Ô-¯nÂ F´p {]h-W-

X-bmWv ImWm³ Ignbp-¶Xv? 

• CsXmcp A`n-e-£-Wn-b-amb {]h-

W-X-bm-tWm? 

tNmZy-§Ä¡ptijw apI-fnÂ 

]dª Imcy-§Ä F-§ns\ _Ô-

s¸-«n-cn-¡p¶p F¶v So¨À hni-Zo-I-cn-

¡p-¶p. 

 

Review Questions : 

• `£y-kp-c-£m-_nÂ F¶m-se v́? 

• `£y-kp-c-£bv¡p \nÀÆ-N\w \ÂIp-I. 

• P\-kw-JymhÀ²-\-hv, `£y-ZuÀe-̀ y-Xbv¡v Imc-W-am-Ip-¶-sX-§-s\-sb¶v 

hni-Zo-I-cn-¡p-I. 

• Irjn-¡mÀ t\cn-Sp¶ {]Xn-k-Ôn-IÄ GsXm-s¡-bm-Wv? 

Assignment : 

Irjn\mi-¯nsâ Nn{X-§Ä tiJ-cn¨v AXv XcWw sN¿m-\pÅ amÀ¤§Ä \nÀt±-

in-¡p-I. 

 



APPENDIX  - IX  A  

LESSON TRANSCRIPT BASED ON REVISED BLOOM’S TAXONOMY -1I 

(English Version) 
 

Name of the teacher  :   Ravati.N 

Name of the school   :   N.S.S. Boy’s High school, Perunnai           Std   : VIII 

Subject                     :   Biology                                                 Duration  : 35 min 

Unit                          :   Let’s regain our fields                                 Date  :    

Topic                        :  Food safety and crises in agriculture        

                                                                                                                                        

Content Overview : 

Content Analysis : 

Terms: 

Facts : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Concepts: 

Major Concept : 

 

 

 

Food safety 

 

• Food security, Scarcity of food 

• Food security is the condition that ensures sufficient 

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 problems of 

food scarcity. 

• Food scarcity is the insufficiency in amount of food / 

shortage of food materials. 

• Foods scarcity leads to poverty and malnutrition. 

• Population, food availability, food access and food use 

are the factors determining food security. 

• Food growth is the risk factor for food  security. 

 

 

Food Security: Food security is the situation that ensures 

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: Pupil understands, 

Food security bill passed by Loksabha which ensures 

distribution of food grains at lower rate. 

Food security is the situation that ensures sufficient food for 

everyone. 

Scientific methods for ensuring food security. 

Poverty and malnutrition due to food security. 

Population growth as a threat to food security. 

Applying :  

 

 

 

 

Analyzing : 

 

 

 

 

Pupil applies knowledge in, 

Giving awareness about the importance of food security to 

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 : 

 

Pupil evaluates, 

Scientific methods used to solve the problems in agriculture 

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. 

Learning Materials :  

 

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 

Mahabali, student 

recognizes the present 

situation of food 

availability. 

 

Teacher narrates the story of 

Mahabali, Raja of Kerala and his rule. 

There was no scarcity for anything. At 

that time Kerala was a country, which 

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 security. (BB). 

 

Presentation 

Food 

Security Bill. 

 

Understanding/verifies 

food security bill, 

describes main points of 

the bill. 

Teacher: Shows the newspaper 

cutting which shows approval of Food 

Security Bill(BB) in Loksabha 

Explain 

food 

security 

bill. 



 

 

 

 

Reasons for 

scarcity of 

food. 

 

 

 

 

 

Understanding /lists 

reasons for food scarcity. 

 

.  

 

The bill ensures the distribution of 
food grains at a lower rate. This bill 
has been legalized to distribute rice at 
a price 3 Rs. And wheat at 2 Rs. per 
kilogram. 

Teacher: Asks students to tell reasons 
for food scarcity (BB). 

 

 

 

 

 

What are 

the reasons 

for food 

scarcity? 

Content Objectives/Specifications Learning Experiences Evaluation 

 Application / predicts 
solution for solving the 
problem of food scarcity. 

After gathering answers, teacher 

explains that uncontrolled population 

growth, unscientific agricultural 

methods, climate change (BB) etc. 

affects food scarcity. 

 

Food  

Security 

Understanding/ 

Compares and contrasts 
relationship between 
population, area available 
for cultivation and rate of 
production of rice.  

Applying / establishes 
relationship between 
factors leading to food 
scarcity.  

Evaluating / expresses 
dislike towards causes 
behind food scarcity. 

Teacher displays a chart showing area 

of land for cultivation, production of 

rice and population  

CHART 

Year Rice production Population  
(in crores) 

Area of 
land for 

Cultivation 
(in lakh 
hectors) 

Production 

(in lakh 
tonnes) 

1971 8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

Teacher asks students, following 

questions. 

How 

population 

and area 

available 

for 

cultivation 

affects 

food 

scarcity? 

 



Content Objectives/Specifications Learning Experiences Evaluation 

  • What happened to the area of 

agricultural fields from the year 

1971 to 2011? 

• What tendency observed in rice 

production and population growth 

during the period. 

• 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 scarcity? 

4. What are the obstacles faced by farmers? 

Assignment:  

Collect pictures showing agricultural loss and suggest ways to  overcome it. 

 
 



APPENDIX - IX B 
LESSON PLAN TRANSCRIPT BASED ON                                                             

BLOOM’S   TAXONOMY   II 

(Malayalam Version) 

Name of the teacher  : tchXn F³     

Name of the school  : F³.Fkv.Fkv,t_mbvkv        Std : VIII 

                         sslkvIqÄ,s]cp¶ Duration  : 35min 

Subject   : Poh-imkv{Xw                               Date :                   

Unit   :  hos−-Sp¡mw hnf-\n-e-§Ä 

Topic   :  ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ 

Content Overview ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ, a®nsâ ^e-]qjvSn, 

a®nsâ pH, a®p]cn-tim-[\. 

Content Analysis  

Terms: ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ,Ahiyaqe-I§Ä, 

a®nsâpH. 

Facts: • imkv{Xob kao-]-\-¯n-eqsS ImÀjnItaJ-e-bpsS 

{]iv\-§Ä ]cn-l-cn-¡m-\mIpw 

• kky-§-fpsS Xzcn-X-amb hfÀ -̈bv¡m-h-iy-amb aqe-

I-§sf Ahiy-aq-e-I-§Ä F¶p ]d-bp-¶p. 

• kq£vaPohn-I-fpsS hnL-Sn-̧ n-¡Â {]hÀ¯\w 

aqew Ahiyaqe-I-§Ä a®nÂ {]Ir-Xn-Z-̄ -ambn 

e`y-am-Wv. 

• Imem-hØm hyXn-bm\w, hne-\jvSw,             

DÂ¸m-Z\s¨e-hv, F¶n-§s\ Hcp-]mSv {]Xn-k-Ôn-IÄ 

IÀj-IÀ t\cn-Sp-¶p−v. 

• kky-§-fpsS hfÀ¨sb kzm[o-\n-¡p¶ Hcp {][m\ 

LSIw BWv a®nsâ pH. 

• a®p-]-cn-tim-[-\-bn-eqsS a®nseaqe-I-§-fpsS 

km¶n-[yhpw, pH aqeyhpw Xncn- -̈dn-bmw. 

• _mIvSo-cn-b-IÄ, Ipan-fp-IÄ, BÂKIÄ, NnXÂ, 

a®nc XpS-§nb Pohn-hÀ¤-§Ä a®nsâ ^e--

]qjvSn, hÀ²n-̧ n-¡p-hm³ klm-bn-¡p-¶p-−v. 



Concepts  

Major concept: 

 

 

Instructional Objectives  

Remembering: 

 

 

 

 

 

 

 

 

ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ :Irjn-¡mÀ A`n-

ap-Jo-I-cn-t¡−n hcp¶  Imem-h-Øm -hy-Xn-bm-\w, 

hne\jvSw, DÂ]m-Z\s¨e-hv, hnf-\jvSw, Øe]cn-

anXn, CS-\n-e-¡m-cpsS NqjWw F¶o {]Xn-_-Ô-§Ä 

ImÀjn-I-ta-J-e-bnse {]Xn-k-Ôn¡v Imc-W-am-Ip-¶p. 

 

 

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 

Understanding: 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 crises in agriculture. 

Applying:  Pupil applies knowledge in,  

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: 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: Pupil evaluates, 

Quality of soil. 

Problems faced by agriculture sector. 

Present methods of agriculture. 

 
Creating: 

 

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.  

Pre requisites:  • BtcmKy]-c-amb  \ÃPohnXw \bn-¡m³ `£Ww 

Bh-iy-amWv 

• Irjn-bn-eqsS `£Ww e`y-am-Ip¶p 

• tIc-f-¯n-se {][m\ ImÀjnIhnf-I-fnÂ H¶mWv 

s\Ãv 

• `£-W-¯n-sâ e`yX¡pdhv A]-t]mjW-¯n-te¡v 

\bn-¡p¶p 

Learning materials: • Irjn-bn-S-̄ nsâ Nn{Xw. 

• ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ ImWn-¡p¶ 
NmÀ«v. 

• ]b-dp-sN-Sn-bpsS thcp-IÄ 



Content Objectives/ 
specifications 

Learning Experiences Evaluation 

Preparation   ] -̈\n-d-¯nÂ Xg¨phfÀ¶p 

\nÂ¡p¶ ]e-X-c-̄ n-epÅ 

Irjn-I-fpsS Nn{X-§Ä So¨À Ip-

«n-IÄ¡v ImWn-̈ psImSp¡p-¶p. 

`wKn-bpÅ ImgvNIÄ¡p tijw 

Xcn-im-bn«v Dt]-£n-¨n-«n-cn-¡p¶ 

Irjn-bn-S-§-fpsS Nn{X-§fpw 

So¨À ImWn¨p sImSp-¡p-¶p. 

Cu c−p-Xcw Nn{X-§fpw X½n-

epÅ hyXymkw tcJ-s¸-Sp-

¯phm³ ]d-bp-¶p. Ip«n-I-fpsS 

A`n-{]m-b-§Ä Npcp-¡n-sIm−v 

So¨À ImÀjn-I-ta-J-e-bnse 

{]Xn-k-Ôn-IÄ(BB) F¶ ]mT-

`m-Kt¯bv¡v IS-¡p-¶p. 

 

Presentation

ImÀjn-I-ta-J-e-

bnse {]Xnk-

Ôn-IÄ 

 

 

 

 

 

 

 

 

Remembering/
Irjn-¡-\p-Iq-e-
am-b- km-l-N-cy-
§sf Ip«n-IÄ 
HmÀs¯Sp-¡p-
¶p. ]−p- Im-e-
s -̄bpw Ct¸m-
fs¯bpw 
Irjn-bpsS 
Ah-Ø-IÄ 
X½n-epÅ 
hyXym-kw- Xn-cn-
¨dn-bp-¶p. 

 

 

 

Irjnsb {]Xn-Iq-e-ambn_m[n-

¡p¶ hnhn[ LS-I-§Ä 

ImWn-¡p¶ NmÀ«v A²ym-]nI 

Ip«n-IÄ¡v ImWn¨psImSp-¡p-

¶p. Imem-h-Øm-hy-Xn-bm-\w, 

CS-\n-e¡m-cpsS NqjWw hne-

\-jvSw, DÂ]m-Z\s¨e-hv, 

hnf\jvSw, Øe-]-cn-an-Xn, ]cn-

Øn-Xn\m-iw, BtcmKy {]iv\-

§Ä F¶nh Irjnsb _m[n-

¡p-¶p. 

 

 

 

ImÀjnIta

J-e-bnse 

{]Xn-k-Ôn-

IfpsS Imc-

W-§Ä 

GsXms¡? 

 

 

 

 

 

 

 



Content Objectives/ 
specifications 

Learning Experiences Evaluation 

 understanding/ 
NmÀ«v 
hymJym\w 
sNbvX-Xn\p 
tijw ImÀjn-I-
ta-J-e-bnse 
{]Xn-k-Ôn-I 
fpsS Imc-W-
§Ä kv]jvS-am-
¡p-¶p. 

Applying/Irjn
A`n-ap-Jo-I-cn-
¡p¶ {]iv\-
§Ä Is−-¯p-
Ibpw ]cn-lm-c-
amÀ¤-§Ä 
hyà-am-¡p-
Ibpw sN¿p-¶p. 

NmÀ«v 

C¶s¯ IÀj-I³ A`n-ap-Jo-I-cn-¡p¶ 
{]Xn-k-Ôn-IÄ 

 

 

 

Ah-iy-aq-e-I-

§Ä  

Understanding/ 
Ah-iy-aq-e-I-
§Ä¡v DZm-l-c-
W-§Ä Is−-
¯p-¶p. Ah-iy-
aq-e-I-§sf 
\nÀÆ-Nn-

¡p¶pApplying/
kky-h-fÀ¨-
bv¡vBhiy-aq-e-
I-§Ä AXy-´m-
t]-jn-X-am-sW-
¶pÅ[mc-W-bn-
te¡vF¯p-¶p. 

kky-§-fpsS icn-bmbhfÀ¨-

bv¡m-h-iy-amb aqe-I-§sf Ah

iy-aq-e-I§Ä (BB) F¶mWv 

]d-bp-¶-Xv. ImÀ_¬, 

ssl{UP³, HmIvkn-P³,ss\{S-

P³, t^mkv^-d-kv, s]m«m-kyw, 

kÄ^À F¶nh Ahiyaqe-I-

§Ä¡v DZm-l-c-W§-fm-Wv. 

]bdpsNSn-bpsS thcv ImWn-̈ p-

sIm-−v- A-Xnse kqjva-Po-hn-I-

fp-sS km¶n²yhpw kky-h-fÀ¨-

bnÂ Ah-bv¡pÅ ]¦pw hyà-

am-¡p-¶p. 

 

 

F´mWv 

Ah-iy-aq-e-

I-§Ä?  

Ah-iy-aq-e-

I-§Ä¡v-  

D-Zm-l-c-W-

§-Ä       

]-d-bpI 

Imem-h-Øm-
hy-Xn-bm\w 

hnf-\jvSw 

CS-\n-e-¡m-
cpsSNqjWw. 

hne-\-jvSw 

Øe-]-cn-an-Xn. 

]cn-ØnXn \miw.  

BtcmKy {]iv\-§Ä. 



Content Objectives/ 
specifications 

Learning Experiences Evaluation 

a®nsâ pH 

aqeyw 

Understanding/ 

a®nsâ pH 

aqeyhpw k-

kyhÀ¨bpw 

X½n-epÅ 

_Ôw Adn-bp-

¶p.  

Analyzing /        

]b-dp- sN-Sn-bpsS 

hnhn-[- `m-K-§Ä 

\nco-£n¨v 

Is−-¯p-¶p. 

pH aqeyw a®nsâ 

^e]qjvSnsb F§s\ kzm[o-

\n-¡p-¶p F¶v So¨À hni-Zo-I-

cn-¡p-¶p.A\p-Iq-e-amb pH 

aqeyw (BB) kky-h-fÀ¨bv¡v 

Bh-iy-am-Wv. a®nsâ £mc-

kz-̀ m-hhpw A¾-Kp-Whpw kky-

h-fÀ -̈sb- _m-[n-¡p-¶p. pH 

kpN-I-§Ä pH t]¸dpw So¨À 

¢mÊnÂ {]ZÀin-̧ n-¡p-¶p. 

kky-h-fÀ¨-

sb pH 
F§s\bm
Wv _m-[n-
¡p-¶Xv 

Review Questions : 

• Irjn-¡mÀ A`n-ap-Jo-I-cn-¡p¶ {]Xn-k-Ôn-IÄ Gh? 

• a®p- ]-cn-tim-[bv¡v Irjn-bn-epÅ {][m\yw F v́? 

• F´mWv  Ahiyaqe-I-§Ä? 

• Ahiyaqe-I-§Ä¡ vDZm-l-cWw \ÂIpI. 

Follow up activity 

Ah-iy-aq-e-I-§sf ]än Hcp Assk³sa-sâv X¿m-dm-¡pI 
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APPENDIX  - X A 

LESSON TRANSCRIPT BASED ON  
Mc CORMACK AND YAGER’S TAXONOMY 1 

(English Version) 
 

Name of the teacher   :   Ravati.N 
Name of the school    :   N.S.S. Boy’s High school, Perunnai       Std               : VIII 
Subject                       :   Biology                                                    Duration      : 35 min 
Unit                            :   Let’s regain our fields                             Date  :    
Topic                          :   Food safety and crises in agriculture                                                                                                                           

Content Overview : 

Content Analysis : 

Terms: 

Facts : 

Food safety 

 

Food security, Scarcity of food 

• Food security is the condition that ensures sufficient food for 

everyone. 

• Food security is necessary for a healthy and better society. 

• Increasing population, lack of knowledge, lack of fertile soil 

etc. are the reasons for scarcity of food. 

• Scientific way of agriculture can solve the problems of food 

scarcity. 

• Food scarcity is the insufficiency in amount of food / 

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 security. 

Concepts: 
Major Concept Food Security: Food security is the situation that ensures 

sufficient food for everyone to lead a healthy life.  

Learning Objectives: 

Knowledge Domain: 

 
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. 

 



2 
 

Process Domain: Pupil develops process skills in, 

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.  

Application Domain: 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. 

Attitude Domain:  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. 

Creativity Domain:  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. 

Group discussion 

Observation 

 

 

 

Learning strategy: 

 

Pre requisites: 

 

Food is necessary for a healthy and better living. 

Food is obtained through agriculture. 

Rice is one among the main crop cultivated in Kerala. 

Unavailability of food leads to malnutrition. 

Learning Materials:  VIII Standard Basic Science text book for analysing rate of rice 
production, availability of land for cultivation and population. 

Power point presentation showing pictures of food scarcity 
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Learning Activity Evaluation 

 

Introduction 
Pupil listens to the story of a farmer called Ramu and his 

love towards agriculture. The name of his house is “Haritham”, 

which shows his love to nature. Fifty acres of land owned by him 

had traditional fencing with plants. There are many varieties of 

vegetables, fruits, tubers, coconut etc. Teacher explains the beautiful 

sight of his farm and asks students certain questions like, what will 

happen if there are no such persons like Ramu. After collecting 

answers from students, teacher moves on to the topic Food Safety 

(BB). 

Activity 1 

Students observe the illustration and newspaper report given 

on the page number 35 of the VIII standard Basic Science text book. 

She directs the children to discuss the matter in groups with the help 

of the indicators given in activity cards and to write their inferences 

in the science diary.  

Indicators 

• Reasons for  scarcity of food  

• Role of science in solving the problems in agriculture 

• Relevance of food security 

Consolidation 

The leader of each group read out their inferences evolved 

out of discussion and consolidates the activity as food security is the 

situation that ensures sufficient food for everyone to lead a healthy 

life. Thereafter she shows a power point presentation showing 

pictures related to food scarcity.  Teacher sites some examples of 

scientific ways of agriculture (BB) and its relevance in ensuring 

food security. 

. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pupil observe 
and writes 
inferences 
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Learning Activity Evaluation 

Activity 2  

Teacher asks the children to observe the table showing year, production 

of rice, available land for cultivation and population on the chart. 

Students were asked to analyze the chart carefully and write their 

inferences based on the indicators in their science diary 

CHART  

Year Rice Production Population in 

crores 

 

Land for cultivation 

in lakh hectors 

Production in lakh 

tones 

1971    8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

 

Indicators 

• What are the changes that occurred in the area of agricultural fields 

from the year 1971 to 2011? 

• What tendency could be observed in rice production and population 

growth during the period?  

• Is this tendency desirable? 

Consolidation 

Teacher consolidates the activity by asking students to read their 

inferences. Summarizing main points from students, teacher says that with 

increasing population there is no increase in area available for cultivation 

of crops and production of rice which leads to food scarcity (BB). In order 

to ensure food security in the country, for a prosperous future, everyone 

should promote agriculture. 

 

 

 

After careful 

observation of 

chart , students 

writes inferences in 

the science diary 
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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 security in 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  : tchXn F³     

Name of the school  : F³.Fkv.Fkv,t_mbvkv      Std    : VIII  

                         sslkvIqÄ,s]cp¶   Duration : 35min 

Subject   : Poh-imkv{Xw           Date : 
Unit   : hos−-Sp¡mw hnf-\n-e-§Ä 

Topic   :  ̀ £ykpc£ 

 

Content Overview: `£y-kpc£ 

Content Analysis  

Terms: `£y-kpc£, `£WZuÀe`yw 

Facts: • FÃm-hÀ¡pw Bh-iym\pkcWw `£Ww e`y -am-

Ip¶ kml-N-cyamWv `£y -kp-c-£. 

• BtcmKy]qÀW-amb Hcp \Ã kaq-l-̄ n\v `£y--

kp-c£ AXy´m-t]-jn-X-am-Wv.  

• P\-kw-JymhÀ²-\hv, Adn-hn-Ãm-bva, hf-¡q-dp-ff 

a®nsâ e`y -X-Ip-d-hv, Imem-hØmhyXn-bm\w,  

IoS-§-fpsS B{I-aWw F¶nh 

`£yZuÀe`yXbv¡p Imc-W-am-Ip-¶p.  

• imkv{Xo-b-amb IrjncoXn-I-fn-eqsS `£y-

kpc£bpsS {]iv\-§Ä ]cn-l-cn-¡m-\mhpw. 

• Bh-iy-amb Af-hnÂ `£Ww e`yam-Im-Xn-cn-

¡pI, `£W ]ZmÀ°-§-fpsS Ipdhv F¶nh 

`£yZuÀe`yX-bn-te¡v \bn-¡p-¶p. 

• `£y-ZuÀe`y-X Zmcn-{Z-¯n-\pw, t]mjImlm-c-Ip-d-

hn\pw Imc-W-am-Ip¶p. 

• P\-kw-Jy, `£y-e-̀ y-X, `£y-A`nKayX `t£ym]-

tbmKw F¶nh BWv `£yZuÀe-̀ y-Xsb \nÀW-

bn-¡p¶ LS-I-§Ä 

• P\-kw-Jym hÀ²-\hv `£y--kp-c-£bv¡v Hcp 

shÃp-hn-fn-bm-Wv. 



Concepts  

Major concept: 

 

 
Learning Objectives 

Knowledge Domain: 

 

 

 

 

 

 

 

 

`£y-kp-c£:GhÀ¡pw BtcmKy]-c-amb PohnXw 

\bn-¡p-¶-Xn\p th− `£Ww Bh-iym\pk-cWw 

e`y-am-Ip¶ kml-N-cy-amWv `£y-kp-c-£. 

 

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. 

Process Domain: Pupil develops process skills in, 

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.  

 
Application Domain: 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. 



Attitude Domain:  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. 

Creativity Domain:  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:  • BtcmKy]-c-amb  \ÃPohnXw \bn-¡m³ 

`£Ww Bh-iy-amWv 

• Irjn-bn-eqsS `£Ww e`y-am-Ip¶p 

• tIc-f-¯n-se {][m\ ImÀjnI hnf-I-fnÂ 

H¶mWv s\Ãv 

• `£-W-¯n-sâ e`yX¡pdhv A]-t]mjW-¯n-

te¡v \bn-¡p¶p 

Learning materials: : • s\ÃpÂ]m-Z-̄ n-sâ Af-hv, Irjnbn-S-¯n-sâ 

hnkvXrXn, P\-kwJy F¶nh hni-I-e\w sN¿m-

\mbv8þmw ¢mÊv ASn-Øm\imkv{X ]pkvXIw 

• `£yZuÀe`yXbpsS Nn{X-§Ä AS-§nb 

]hÀt]m-bnâv {]k-tâ-j³ 

 

 

 

 

 

 

 

 

 



Learning Activity Response/ Evaluation 

Introduction  

So¨À cmap F¶p t]cp-ff Hcp Irjn kvt\ln--

bpsS IY ]d-bp-¶p. “lcnXw”  F¶ t]cp-ff hoSp-

Xs¶ At²-l-¯n-sâ {]Ir-Xn-tbm-Sp-ff kvt\ls¯ 

ImWn-¡p¶p. A¼Xv G¡-tdmfw hcp¶ Irjn-bn-Sw- ]-

c¼cmKX coXn-bnÂ sNSn-IÄ sIm−pff then-IÄ 

sIm−v thÀXncn-̈ n-cn-¡p¶p AhnsS ]e-X-c-¯n-ep-ff 

] -̈¡-dn-IÄ, ^e-hÀ¤-§Ä, Ing§phÀ¤-§Ä, sX§v 

F¶n-§s\ ]e Irjn-IÄ D−m-bn-cp-¶p. cmap-hnsâ 

Irjn-bn-S-̄ nsâ {]Ir-Xn-̀ wKn hnh-cn-̈ p-sIm− vcmap- 

hn-s\- t]m-ep-ff Bfp-IÄ CÃm-bn-cp¶p F¦nÂ F v́ 

kw`-hn¡pw F¶-Xp- t]mepff tNmZy§Ä tNm-Zn-̈ p- 

sIm−v So¨À Ip«n-IfpsS {]Xn-I-c-W-§Ä Bcm-bp-¶p. 

Ip«n-I-fpsS D¯-c-§Ä GtIm-]n-̧ n-̈ p-sIm−v So¨À 

`£y-kp-c£ (BB) F¶ ]mT`mKt¯bv¡v IS-¡p-¶p. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
{]hÀ¯\w -1 

8þmw ¢mÊv ASn-Øm\imkv{X ]mT]pkvXI¯nse 

35-þmas¯ t]Pnse hnh-c-Whpw ]{X-dn-t¸mÀ«pw \nco-

£n-¡p-¶-Xn\v So¨À \nÀt±iw \ÂIp-¶p. BIvSn-

hnänImÀUnse kqN-I-§Ä¡-\p-k-cn¨v {Kq¸nÂ 

hnjbw NÀ¨ sN¿p-hm\pw kb³kv Ub-dnbnÂ  

NÀ¨bpsS ^e-am-bp-ff \nb-a-\-§Ä tcJ-s¸-Sp-̄ p-

hm\pw ]d-bp¶p 

 

 

Ip«n-IÄ \nco-£-W-̄ n\v 

tijw \nK-a-\-§Ä Fgp-

Xp¶p 

NÀ¨mkqN-I-§Ä 

• `£yZuÀe`yXbpsS Imc-W-§Ä. 

• Irjn A`n-ap-Jo-I-cn-¡p¶ {]iv\-§Ä ]cn-l-cn-

¡p¶XnÂ imkv{X-¯nsâ ]¦.v  

• `£y -kp-c-£-bpsS {]kIvXn. 

 

 

 



Learning Activity Response/ Evaluation 

t{Im-Un-I-cWw 

NÀ -̈bn-eqsS cq]-s¸« \nK-a-\-§Ä {Kq¸v eoUÀ 

¢mÊnÂ hmbn-¡p-Ibpw BtcmKy]qÀ®-amb PohnXw 

\bn-¡p-¶-Xn-\m-h-iyamb `£Ww Bh-iym\pk-cWw 

e`y-am-¡p¶ kml-N-cy-amWv `£ykpc£ F¶ A`n-

{]m-b-¯nÂ F¯n-t¨cp-Ibpw sN¿p-¶p.AXn-\p-tijw 

So¨À `£yZuÀe`yXImWn-¡p¶ ]hÀt]m-bnâv {]k-

tâ-j³ ImWn-¡p-Ibpw imkv{Xo-b-amb coXn-

eqsSbpff Irjn-co-Xn-I-fn-eqsS (BB) `£ykpc£  Dd-

¸p-h-cp-¯p¶--Xn-\p-ff Ipd¨v DZm-l-c-W-§Ä kqNn-̧ n-

¡p-Ibpw sN¿p-¶p. 

{]hÀ¯\w 2 

hÀjw, s\ÃpÂ¸m-Z-\-¯n-\m-h-iyamb Irjn-bn-S-

¯nsâ hnkvXr-Xn, s\ÃpÂ¸mZ\¯nsâ Afhv, P\-

kwJy F¶nh ImWn-¡p¶ NmÀ«v \nco£n¡p-hm\pw 

\nco-£-W-¯nÂ \n¶pw cq]-s¸-Sp¶ \nK-a-\-§Ä 

kb³kv Ub-dn-bnÂ tcJ-s¸-Sp-¯m\pw So¨ÀIp«n-I-

tfmSv \nÀt±-in-¡p-¶p. 

NmÀ«v 

hÀjw s\ÃpÂ¸m-Z-\w  P\-kwJr 
(tImSn) 

 Irjn-bn-S-̄ nsâ 

hnkvXr-Xn  

DÂ¸m-Z\w 

(e£wS®nÂ) 
 

1971 8.75 13.65 2.13 

1991 5.5 10.6 2.91 

2011 2.08 5.69 3.34 

 

kpN-I-§Ä 

• 1971 apXÂ 2011 hsc Irjn-bn-S-¯nsâ hnkv-

XrXnbnÂ D−m-bn-«p-ff amäw F´mWv? 

 

 

 

 

 

 

 

 

 

 

 

 

 

NmÀ«v \nco-£-W-̄ n\v 

tijw Ip«n-IÄ \nKa-

\§Ä kb³kv Ub-dn-

bnÂ Fgp-Xp¶p 



 

Learning Activity Response/ Evaluation 

• Cu Ime-b-f-hnÂ s\ÃpÂ]m-Z-\hpw P\-

kwJymhfÀ¨bpw X½n-ep-ff _Ô-¯nÂ 

F´p{]h-W-X-bmWv ImWm³ Ignbp-¶Xv? 

•  CsXmcp A`n-e-£-Wn-b-amb {]h-W-X-bm-tWm? 

 

 

t{ImUnI-cWw 

Ip«n-I-fpsS \nK-a-\-§Ä hmbn-̈ -Xn-\p- tijw So¨À 

{]hÀ¯\w t{ImUnI-cn¡p-¶p. Ip«n-IÄ \ÂInb 

{][m-\-s¸« Bi-b-§Ä  Npcp¡n ]-d-ªp- sIm−v, 

P\-kw-Jym hÀ²-\-hn-\-\p-k-cn¨v Irjn-bn-S-¯nÂ  

hÀ²-\-hv D−m-Ip-¶nÃ F¶pw, AXv s\ÃpÂ]m-Z\w 

Ipd-bv¡p-Ibpw `£yZuÀe`yXbv¡p (BB) 

ImcWamIp¶p F¶pw So¨À hrIvXam¡p-¶p.cmPy¯v 

`£ykpc£ Dd-̧ m-¡p-hm\pw sFiz-cy-amb `mhn¡pw 

th−n Ghcpw Irjnsb t{]mQm-ln-̧ n-¡p-Ibpw 

thWw 

 

 

Review Questions 

1. `£ykpc£ F¶mÂF v́? 

2. `£yZuÀe`yXF¶mÂF v́? 

3. `£ykpc£bpsS {]m[m\ywF v́? 

Follow  up activity  
 

cmPy-̄ nsâ A`n-hr-²n-bnÂ `£ykpc£bpsS ]¦v F¶-Xns\ Ipdn¨v Hcp 

Asskâ-saâv X¿m-dm-¡pI. 

 

 

      



APPENDIX –XI A 

 LESSON TRANSCRIPT BASED ON Mc. CORMACK AND 
YAGER’S TAXONOMY-II 

(English Version) 
Name of the teacher  :   Ravati   N 

Name of the school   :   N.S.S. Boy’s High school,Perunnai         Std           : VIII 

Subject                      :   Biology                                                     Duration  : 35 min 

Unit                           :   Let’s regain our fields                               Date        :       

Topic                         :   Crises in the Agricultural sector  

Content over view: 

 

Content Analysis: 

                  Terms :  

Facts : 

Crises in the agricultural sector; soil fertility, pH of the soil and 

soil testing. 

 

Crises in the agricultural sector,essential element, pH of the soil. 

• Problems in agriculture can be solved by scientific 

approach. 

• Elements required for the proper growth of plants are known 

as essential elements. 

• Essential elements are made naturally available in the soil 

through decomposition by micro organism. 

• Climate change, fall in price, cost of production etc are some 

obstacles faced by farmers. 

• pH is an important factor that influence the growth of plants. 

• Presence of elements in the soil and the pH value can be 

identified by soil testing. 

• Organisms like bacteria, fungi, algae, termite, earth worm 

etc. can help to increase soil fertility. 

Concept  

Major concept: 

 

Crises in agriculture: Farmers face many obstacles like, climate 

change, fall in price, cost of production, crop loss, lack of space 

and exploitation by middle man which leads to crises in 

agriculture.  



Learning Objectives  

Knowledge Domain: 

 

Pupil develops knowledge in, 

Factors leading to crises in 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. 

Soil fertility affects food security. 

Process Domain: Pupil develops process skills in,  

Observing the pictures related to crises in agriculture. 

Forming a definition for crises in agriculture.  

Discussing and listing factors responsible for crises in 

agriculture. 

Drawing inference from the activity card regarding soil and 

essential elements. 

Forming generalization about the crises in agriculture during 

group discussion. 

Application 

Domain: 

Pupil applies knowledge in, 

Solving problems in 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:  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 biological 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 food security. 

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 soil testing 

 

 

 

 

 

 

 

 

 

 



 

Learning Activity Evaluation 

Introduction :  

Teacher shows the picture of barren land which 

was used as a field about ten years back, and asks students 

to discuss and report their opinions, related to the picture. 

Pupil gives a number of opinions and teacher directs their 

thoughts towards crises in agriculture sector (BB). 

Activity.1  

Teacher asks children to observe chart showing 

crises in the agricultural sector. She divides pupils in to 

different groups for discussion using the indicators written 

on the activity cards.  

Chart  

 
 

 

 

 

 

 

 

 

 

 

Indicators  

• How these obstacles affect a farmer  

• List more obstacles for the crises 

Consolidation  

Pupil discusses and presents their findings by adding more 

information to the picture and lists obstacles for food 

security.  Teacher consolidates the activity by stressing the 

need to approach agriculture through scientific methods 

(BB) to overcome the crises.   

 

 

 

 

 

 

 

 

Pupil observes chart and 

found out more factors 

for crises in agriculture. 

 

 

 

 

 

 

 

 

 

Climate 
change  

Fall in 
price 

Crop loss  Exploitation by 

middle man  
Lack of space  

Health issues 
Environment 
destruction  

OBSTACLES FACED BY 
FARMERS TODAY  

 



Learning Activity  Evaluation  

Activity-2  

Teacher displays a chart about soil testing and asks 

children to observe, discuss and write inferences in their 

science diary on importance of soil testing. 

 

 

 

 

 

 

 

 

Consolidation  

After collecting inferences from pupils teacher consolidates 

the activity by saying, elements required for the proper 

growth of plants are known as Essential Elements (BB) and 

it is made available in the soil through decomposition by 

microorganisms. pH is another important factor which 

influences soil fertility. Elements in the soil and pH value of 

the soil (BB) can be identified by soil testing (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 to overcome the crises in agriculture. 

 

 

 

Soil Testing 
• Essential elements are required for proper growth of 

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. 

 



APPENDIX - XI B 

LESSON PLAN TRANSCRIPT BASED ON Mc. CORMACK AND YAG ER’S 

TAXONOMY II 

(Malayalam  Version) 

 
Name of the teacher  : tchXn F³     

Name of the school  : F³.Fkv.Fkv,t_mbvkv           Duration: 35min 

                         sslkvIqÄ,s]cp¶                 Std : VIII  

Subject   : Poh-imkv{Xw                                   Date  :   
Unit   : hos−-Sp¡mw hnf-\n-e-§Ä 

Topic   : ImÀjnItaJ-e-bnse {]Xn-k-Ôn-IÄ 

 

Content Overview: ImÀjnI taJ-e-bnse {]Xn-k-Ôn-IÄ, a®nsâ ^e-]qjvSn, 

a®nsâ pH,a®p]cn-tim-[\. 

Content Analysis:  

Terms: ImÀjnI taJ-e-bnse {]Xn-k-Ôn-IÄ Ahiyaqe-I-

§Ä, a®nsâ pH 

Facts: • imkv{Xob kao-]-\-¯n-eqsS  ImÀjnI taJ-ebpsS 

{]iv\-§Ä ]cn-l-cn-¡m-\mIpw 

• kky-§-fpsS Xzcn-X-amb hfÀ -̈bv¡m-h-iy-amb aqe-I-

§sf Ahiy-aq-e-I-§Ä F¶p ]d-bp-¶p. 

• kq£vaPohn-I-fpsS hnL-Sn-̧ n-¡Â {]hÀ¯\w aqew 

Ahiyaqe-I-§Ä a®nÂ {]Ir-Xn-Z-¯-ambn e`y-am-Wv. 

• Imem-hØmhyXn-bm\w, hne-\jvSw, DÂ¸m-Z\s¨e-hv, 

F¶n-§s\ Hcp-]mSv {]Xn-k-Ôn-IÄ IÀj-IÀ t\cn-Sp-

¶p−v. 

• kky-§-fpsS hfÀ¨sb kzm[o-\n-¡p¶ Hcp {][m\ 

LSIw  BWv a®nsâ pH 

• a®p-]-cn-tim-[-\-bn-eqsS a®nse aqe-I-§-fpsS km¶n-

[yhpw, pH aqeyhpw Xncn-̈ -dn-bmw. 

• _mIvSo-cn-b-IÄ, Ipan-fp-IÄ, BÂKIÄ, NnXÂ, 

a®nc XpS-§nb Pohn-hÀ¤§Ä a®nsâ ^e-]qjvSn 

hÀ²n-̧ n-¡p-hm³ klm-bn-¡p-¶p-−v. 



Concepts  
Major concept: 

 

 

 
 

 

ImÀjnI taJ-e-bnse {]Xn-k-Ôn-IÄ: Irjn-¡mÀ A`n-

ap-Jo-I-cn-t¡−n hcp¶  Imem-h-Øm-hy-Xn-bm-\w, hne 

\jvSw, DÂ]m-Z\s¨e-hv, hnf-\jvSw, Øe]cn-anXn, CS-

\n-e-¡m-cpsS NqjWw F¶o {]Xn-_-Ô-§Ä ImÀjn-I-

ta-J-e-bnse {]Xn-k-Ôn¡p Imc-W-am-Ip-¶p. 

Learning Objectives 

Knowledge Domain: 

 

 

 

 

 

 

 

Process Domain :   

 

 

 

 

 

 

 

 

Application Domain :  

 

 

Pupil develops knowledge in, 

Factors leading to crises in 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. 

Soil fertility affects food security. 

Pupil develops process skills in,  

Observing the pictures related to crises in agriculture. 

Forming a definition for crises in agriculture.  

Discussing and listing factors responsible for crises in 

agriculture. 

Drawing inference from the activity card regarding soil and 

essential elements. 

Forming generalization about the crises in agriculture during 

group discussion. 

Pupil applies knowledge in, 

Solving problems in 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 :  

 

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. 

 

Pre requisites  

 

• IÀj-I³ A`n-ap-Jo-I-cn-¡p¶ {]iv\-§Ä  

• ImemhØmhyXn-bm\w Irjnsb {]Xn-Iq-e-ambn 

_m[n-¡p-¶p.  

• Irjn-bn-S-̄ nsâ Afhv Ipd-ªp- sIm-−n-cn-¡p-¶p. 

• cmk-h-f-§Ä a®nsâ ta· XÀ¡p-¶p. 

Learning Materials:  • ImÀjnI taJ-e-bnse {]Xn-k-Ôn-IÄ ImWn-¡p¶ 
NmÀ«v. 

• Xcnip \ne-§-fpsS Nn{Xw. 

• ImÀjnI taJ-e-bnse {]XnkÔn-IÄ ImWn-¡p¶ 
]{XhmÀ -̄IÄ. 

• a®p ]cn-tim-[-\-bpsS NmÀ«v. 

 

 

 

 

 

 

 



Learning Activity

Introduction  

]¯p-hÀjw ap¼v \

Ct¸mÄ Xcn-ip-\n-e-ambn InS

¯nsâ Nn{Xw ImWn¨v AXns

Bh-iy-s¸-Sp-¶p. Ip«n-I

t{ImUo-I-cn-¨psIm−v ImÀjnItaJe C¶p t

Ôn-IÄ (BB) F¶ ]mT

{]hÀ¯\wþ1 

ImÀjnItaJ-e-bnse {]Xn

NmÀ«v \nco-£n-¡p-hm³ So¨À Ip«n

¶p. BIvän-hnän ImÀUn

¡\pkrXambn hnjbw NÀ¨ sN¿m³ Ip«n

Xncn-¡p-¶p. 

 

 

 

 

 

 

 

 

 

 

C¶s¯ IÀj-I³ A`n

Learning Activity  

 

\Ã coXn-bnÂ Irjn-\-S-̄ n-bn-cp-¶Xpw 

ambn InS-¡p-¶-Xpw-amb Hcp Irjn-bn-S-

¯nsâ Nn{Xw ImWn¨v AXns\ ]än Ip«n-I-tfmSv NÀ¨ sN¿m³ 

I-fpsS hnhn-[-§-fmb A`n-{]m-b-§Ä 

ImÀjnItaJe C¶p t\cn-Sp¶ {]Xn-k-

F¶ ]mT-̀ m-K-t¯bv¡v \o§p-¶p. 

bnse {]Xn-k-Ôn-IÄ tcJ-s¸-Sp-̄ nb 

hm³ So¨À Ip«n-IÄ¡v \nÀt±iw sImSp-¡p-

hnän ImÀUnÂ sImSp-̄ n-cn-¡p¶ kqNI§Ä 

Xambn hnjbw NÀ¨ sN¿m³ Ip«n-Isf {Kq¸p-I-fmbn 

NmÀ«v             

I³ A`n-ap-Jo-I-cn-¡p¶ {]Xn-k-Ôn-IÄ 

 

Response/ 

Evaluation 

tfmSv NÀ¨ sN¿m³ 

 

 

 

 

 

 

 

 

NmÀ«v \nco-£n-

¡p-Ibpw 

ImÀjnI taJ-e-

bnse {]Xn-k-Ôn-

bn-te-¡p-  \-bn-

¡p¶  IqSp-XÂ 

Imc-W-§Ä 

I−p-]n-Sn-¡p-

Ibpw sN¿p¶p 



Learning Activity 
 

Response/ 

Evaluation 

 
 

kqN-I-§Ä. 

• Cu {]Xn-k-Ôn-IÄ F§s\ Hcp IÀj-Is\ _m[n-¡p-¶p? 

• {]Xn-k-Ôn-IÄ¡p Imc-aWamb IqSp-XÂ ImcW-§Ä        

I−p]nSn-¡p-I. 

t{ImUo-I-c-Ww 

NÀ¨bv¡p tijw `£ykpc-£-bpsS {]Xn-k-Ônbv¡p Imc-

W-amb IqSp-XÂ Imc-W§Ä Is−-¯p-Ibpw ¢mÊnÂ Ah-X-

cn-̧ n-¡p-Ibpw sN¿p-¶p. Cu {]Xn-k-Ônsb adn-I-S-¡m-\pÅ 

imkv{Xobamb kao-]-\-̄ nsâ (BB) Bh-iy-I-Xbv¡v Du¶Â 

sImSp-¯p-sIm−v So¨À {]hÀ¯\w t{ImUo-I-cn-¡p-¶p. 

{]hÀ¯\w  2 

a®p ]cn-tim-[-\sb ]än-bpÅ hnh-c-§Ä AS-§nb NmÀ«v            

\nco-£n¨v a®p ]cn-tim-[-\-bpsS Bh-iy-I-Xsb ]än NÀ¨ 

sNbvXv \nK-a-\-§Ä kb³kv Ub-dn-bnÂ Fgp-Xm³ Bh-iy-

s¸-Sp-¶p. 

NmÀ«v 
 

a®p-]-cn-tim-[\ 

� kky-§-fpsS \Ã-co-Xn-bn-epff hfÀ¨bv¡v Ahiy 

aqe-I-§Ä th-Ww 

� ImÀ_¬, ssl{U-P³, ss\{S-P³, t^mkv^-d-kv, 

F¶nh Ahiyaqe-I-§Ä¡v DZm-l-c-W-§-fm-Wv. 

� a®nsâ pH sNSn-bpsS hfÀ¨sb kzm[o-\n-¡p-¶p. 

� a®p-]-cn-tim-[-\-bn-eqsS a®nsâ pH aqeyw, hnhn[ 

aqeI§-fpsS km¶n[yw F¶nh Adnbmw.  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ip«n-IÄ 

NÀ¨bv¡ptijw 

IrjnbnÂ a®p 

]cn-tim-[-\-bpsS 

Bh-iy-I-Xsb 

]än \nK-a-\¯nÂ 

F¯p¶p. 

 

 

 

 

 

 

 



Learning Activity 
 

Response/ 

Evaluation 
 

t{ImUo-I-cWw 

Ip«-n-IÄ cq]oI-cn¨ \nK-a-\-§Ä GtIm-]n¸n-¨p-sIm−v 

So¨À {]hÀ¯\w t{ImUo-I-cn-¡p-¶p. kky-§-fpsS icn-bmb 

hfÀ¨bv¡v Bh-iy-amb aqe-I-§Ä BWv Ah-iy-aq-e-I-§Ä 

(BB)F¶-dn-b-s¸-Sp-¶-Xv.- kq-£va-Po-hnIfpsS hnL-Sn-̧ n¡Â 

aqe-amWvv Ah a®nÂ e`y-am-Ip-¶-Xv. pH F¶Xv a®nsâ    

^e-]qjvSnsb \nÀ®-bn-¡p¶ asämcp {][m\ LS-I-amWvv. 

a®p-]-cn-tim-[\bneqsS a®nsâ pH aqeyhpw a®nse       

aqe-I-§-fpsS km¶n-[yhpw Xncn- -̈dnªv icn-bmb coXn-bnÂ 

hf-{]-tbmKw \S¯n \Ã hnfhv e`n-¡p-¶-XmWv. 

 

 

 

 

 

 

 

 

 

 

Review  Question  

• F´mWv Ah-iy-aq-e-I-§Ä? 

• a®p-]-cn-tim-[-\-bpsS {]m[m\yw F v́? 

• a®nsâ KpW-\n-e-hmcw \nÀ®-bn-¡p-¶-XnÂ pHsâ {]m[m\yw F v́ ? 

Follow up activity 

ImÀjnI taJ-e-bnse {]Xn-k-Ôn-Isf XcWw sN¿m³ th− imkv{Xob 

coXn-Isf Ipdn¨v Hcp Assk³sa-sâv X¿m-dm-¡p-I.  

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 

 

 

 

 

 

 

APPENDICES 
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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. 

  

mailto:revati.narayanadas@gmail.com
mailto:meera_jayaprakash@yahoo.com


ISSN:2249-7137    Vol. 7 Issue 2, February  2017    Impact Factor: SJIF 2013=5.099 

South Asian Academic Research Journals 
http://www.saarj.com  

  63 

KEYWORDS: Higher education, Blooms Taxonomy, Lower order thinking skills, Higher order 

thinking skills. 

__________________________________________________________________ 
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
th 

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  

 

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

memory. 

 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. 

 Evaluating: Making judgments based on criteria and standards through checking and 

reviewing. 
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 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 

Dimensions 

Remember  Understand  Apply  Analyze  Evaluate  Create  

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.I allow students to define concepts in my class .                   3.04              0.90 

7.I permit students to memorise concepts in my class             3.12               0.89 

 13.I let students to repeat concepts in my class.                     3.14               0.88 

19.I allow students to name the concepts in my class.            3.16               0.77 

25I allow students to recall concepts in my class                    3.34               0.76 

31.I 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.I 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.I encourage  students to explain concrete concepts in my class.       3.23              0.77 

20.I support  students to identify concrete  concepts in my class.         2.98              1.22 

26 I promote students to recognize concrete  concepts in my class       3.34              0.87 

32.I 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.I 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.I encourage  students to translate  rules and principles  in my class.     3.06              0.86 

21.I support  students to manipulate  rules and principles  in my class       3.57              0.98 

27. I promote students practise rules and principles in my class                3.48              0.76 

33.I encourage  students to illustrate  rules and principles  in my class      3.59            0.84 

 

Table 3 shows the summary of responses of survey questions related to responses to 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.I help students to distinguish  rules and principles  in my class .            2.34             1.03 

10..I motivate  students differentiate rules and principles  in my class      2.44             1.17 

16.I encourage  students to compare  rules and principles  in my class.     2.14              0.84 

22.I allow  students to contrast rules and principles  in my class                2.61              1.13 

28 I let  students critique rules and principles  in my class                         2.88              0.78 

34.I 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.I plan activities that will encourage students to do problem                   2.04                0.87 

solving in my class 

11.I set  activities that will encourage students to propose problem          2.16                0.67 

solving in my class  

17.I develop activities that will motivate  students to design problem      2.43                0.75 

solving in my class 

23.I arrange activities that will help students to arrange problem             2.56               1.03 

solving in my class  

29.I 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.I produce conditions within which students evaluate their                       1.65           0.76 

cognitive strategy  

12.I create situations within which students rate their                                 1.67           0.65  

cognitive strategy  

18.I make circumstances within which students judge their                       2.14           0.77 

cognitive strategy  

24.I arrange environments within which students justify their                   2.58           1.02 

cognitive strategy  

30.I construct situations conditions within which students                        3.02           0.86 

 summarize their cognitive strategy  

36. I 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
th 

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 

Experimental group 1 

(Activity based learning) 

60 

 

60 

22.8 

 

24.3 

7.1 

 

6.8 

 

0.76 

 

Not significant 

Control group 

Experimental group 2 

(Co operative learning) 

60 

 

60 

22.8 

 

23.6 

7.1 

 

7.2 

 

0.45 

 

Not significant 

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 

Group N 
Mean S.D ‘t’  Remarks 

at0.01 level Pre test Post  test Pre test Post test value 

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 group 2 

(Co operative learning) 
30 23.6 36.6 7.2 3.7 7.1 S 

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.It shows that there is significant 

important in metacognitive awareness in Activity based learning. In the Experiment group 2 the t value was 

7.1.It 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 

Group N 
Mean S.D Paired 

‘t’ value 

Remarks at 

0.01 level Pre test Post test                  Pre test Post test 

Control group 30 15.3 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 

(Co operative learning) 
30 15.8 31.6 4.2 2.7 7.7 S 

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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