MODULE-2
Meaning of Science

Science is the word of modern age. It is an inseparable part of modern life.  Since the very dawn of civilization, man was curious to know about the things around him.  The curiosity of man to know about nature unveils its mysteries and this led to the establishment of certain knowledge based upon facts.  They explore and change the physical world according to their requirements.  The process of observing, describing, exploring and using the physical world is nothing but science.  So science is compounded of curiosity, observation and thought.

Science is not magic.  It is a human activity, without any element of magic.  Science is viewed by a common man as a body of scientific information.  To a scientist, it is a method by which hypotheses are tested.  But to a philosopher, it is a way of questioning the truthfulness of knowledge.
          Etymologically, the word “Science” is derived from the Latin word, “Scientia” which means knowledge.  But it does not mean that all knowledge is science.  Science is knowledge acquired in a particular way ie, science include that type of knowledge which is communicable, verifiable and attained as a result of methodical observation and experimentation.

In Literal Sense,

‘Science means the pursuit of knowledge’.

‘Science is a heap of truth.’

‘Science is a verb as well as a noun.’

‘Science is a way of investigation’.

‘Science is a systematized body of knowledge.’

‘Science is an interpretation of the natural phenomenon.’

‘Science is nothing but trained and organized common sense’.
Definitions of Science

It is easy to experience science than to define it.  There is no one definition of science which is universally accepted.  There are, perhaps, as many definitions of science as there are scientists.
“Science is built of facts as a house is built of stones; but an accumulation of facts is no more a science than a heap of stones.” 

                                                                                              (Henri Poincare)
“To learn science is to do science, there is no other way of learning science.”       
                                                                                              (Dr.D.S.Kothari)
“Science is an interconnected series of concepts and conceptual schemes that have developed as a result of experimentation and observation and are fruitful of further experimentation & observation”.                            (James B. Conant)
“Science is a human study, deeply concerned with man and society, providing scope for imagination and compassion as well as for observation and analysis.”
                                                                                                  (Lord Bullock)

“Science is first of all a set of attitudes.  It is disposition to deal with facts rather than with what someone has said about them”. 
                        (B.F.Skinner)
“Science moves but slowly, steadily, creeping on from one point to another but actually the progress has been rapid”. 
                                             (Tennyson)
Huxley defines science ‘as trained and organized common sense’. 
Science is classified and organized knowledge which may be used in acquiring other knowledge.  It is also defined as “what scientists do”.The various definitions of science give emphasis to the two aspects of science – Science as product and science as process.






a body of knowledge

SCIENCE IS 


a method of enquiry/ a way of investigation






an attitude towards life.


Here, the first point indicates the ‘product’ of science while the second and third points indicate the ‘process’ of science.

NATURE OF SCIENCE


  The nature of science has two aspects – The PRODUCT aspect and the PROCESS aspect.  In other words, science is both a product and a body of knowledge that has been accumulated by scientists, and the process in which they acquire this knowledge.


According to the older view point, science is a collection of knowledge, an area of subject matter, an array of facts and formulae, names and symbols which denotes the content of science.  The new view point doesn’t deny this aspect of science, but it holds this only as a part of science. Accordingly scientific enterprise also includes the methods scientists use to gain new knowledge and the attitudes involved in their behaviour.  It also includes the activities of scientists and the role of science in the society.

Thus according to the older view science is what scientists know, but according to the new view point science is what scientists do.  These two interdependent aspects of scientific enterprise are often described in many terms as ‘subject and method’, ‘content and activity’, ‘knowledge and behaviour’ and more commonly as ‘product and process’.


The term science denotes both the end product of a special kind of activity and the activity itself.  In the first sense it refers to the systematized body of reliable information that scientists have accumulated which forms the subject matter of sciences like physics, chemistry and biology.  Thus the products of science are terms, facts, concepts, principles, processes, theories, law etc.  In the second sense, the emphasis is on the means to this and the way in which information is obtained and systematized.  It is the concern of scientific method.  The process side of science includes both logical (mental process) and technical aspects. The technical operations may vary in different fields of science but logical process is common to all sciences.  Moreover the logical process is more important than the technical process because it is in the minds of the scientist that conclusions arise.  Technical aspects are only to assist the successful performance of the different steps in the logical procedure.
SCIENCE AS PRODUCT


Whatever information or ideas we acquire through various processes of science form the body of knowledge or PRODUCT of science.

The Product of science includes:-
1. TERMS

Terms represent the scientific vocabulary which is used in scientific literature.  A ‘TERM’ is a new definable word having significant meaning to the pupil at a particular context.  It is actually a label of a concept.
Eg:  In a topic, “Structure of Kidney” – kidney, cortex, medulla, pelvis, ureter, nephron, glomerulus etc are terms.

2. FACTS


Facts are the basis of all knowledge.  They are said to be the grass-roots for any theory or law.  Fact is an unadultered statement of an object, event, phenomenon etc. which is observable, measurable and verifiable.  They are specific verifiable pieces of information obtained through observations.  Facts are verifiable with reference to time and place.  In other words, facts are simple and single statements about realities in nature.


A famous psychologist cum educationist Guthrie defined fact as “an event so described that any observer will agree to that description”.
Eg:- 
Ameoba is a fresh water organism.

       
Mosquito is the carrier of malaria.


Plant cell has a cell wall.


A plant has a root system.

3. CONCEPTS

A concept is a generalized idea suggested to the individual by object, symbol or situation.  Concepts are abstract ideas that are generalized from facts or specific relevant experiences.  It is an intellectual representation of some aspects of reality.  According to Bruner, “a concept is a mental imagery of a category of objects that share certain common attributes which distinguish these objects from which belong to other categories”.


Concepts are the composite of individual facts and emotional experiences.  These are essentially based on our previous experiences – direct or indirect.  Concepts are different for different people according to their age and experience.

  
Concepts may be expressed in the form of terms (eg. Hybrid); statements (eg. The structure of digestive system is suited to its function); Symbol (eg: π = 3.14) and equation. (eg. 6Co2+12H2o        C6H12O6+6H2O+6CO2).
Eg : Development is the product of “Heredity” and “Environment”.

        The tendency of plants to grow in response to the stimulus of light is called

        Phototropism.

Characteristics of Concept


According to Bruner, the characteristics of concept are:

· Must have a typical name or label.

· Must have a definition.

· Must have essential and non-essential attributes.

· Must have positive and negative exemplars (examples).
Stages in Concept Development


There are four stages in concept development
· Sensation
Sensation means sensing using sense organs.
· Perception

Meaningful sensation is called perception.  Perceptions or imaginary experiences provide opportunity for getting mental images of the things, persons or events.

· Abstraction
The mind analyses the images formed by perception and synthesizes what is common to all, neglecting what is merely particular.  This process of observing similarities and commonness is named as abstraction.

· Generalization

After making observation in the form of abstraction, for a number of times, the child is able to generalize the common properties of the object or event.  On account of this generalization, he will develop a concept about these things or events.

Teacher’s Role in Concept Development

The teacher can help the students in the following ways in the development of concepts:-
· Provide direct experience of the objects and events for effective concept formation, because first hand experience leaves better images of the objects.

· In teaching a concept, present examples with non-examples, so that the learner can identify examples from non-examples.

· In teaching concepts, begin with concrete examples and move towards more abstract examples as learning progresses.

· Encourage independent learning or learning by discovery for better generalization of the common properties of the concept.

· Plan and introduce individualized system of instruction to cater individual difference in concept formation.

4. PRINCIPLES


Principles are more complex ideas based on several concepts.  It is a statement predicting interrelationship among concepts.  It establishes relationship between at least two concepts.  So the principles are a broad generalization which means the same for all irrespective of their age and experiences.


According to sites “A principle is a statement of relationship between two or more facts which is significant in its application.”

Martin observes the following criteria for a principle:-

· It must be a comprehensive generalization which summarizes the widest possible range of facts.

· It must be scientifically true.

· It must be verifiable.
· It must be consistent.

Example: - A definite bodily disorder will occur when an endocrine gland ceases to function normally.

Qualities of a good Principle
· Comprehensiveness - The principle must be comprehensive enough to establish the relationship between concepts. 

· Logical Trueness – A good principle must be logically true with respect to the interrelationship among concepts.

· Verifiability – The principle can be verified through adequate experimentation.

· Consistency – It should be consistent ie, should not be change according to the situations.

5. PROCESSES

Processes are actually a series of tasks with a sequential order of occurrence.  These sequences or steps may be controlled by certain principles.
Examples:
Metamorphosis of butterfly



Glycolysis



Hybridisation
                   Krebs’ cycle

6. LAWS

              A law is a formal statement of the manner or order in which certain natural phenomena occur under specified conditions. Scientific facts and concepts after proper generalization and further verification will be accepted as a scientific law.  
              “A scientific law many be defined as a factual statement of what always happen in certain circumstances”-- Oxford Advanced Learner’s Dictionary.

              The definition suggested by Columbia Encyclopedia is that “a verified generalization is considered as a Scientific law”.

              A scientific law is a statement of observations. A law describes what nature does under certain conditions. 
Eg:- 
Law of dominance


Newton’s laws of motion


Boyle’s Law


Like principles, law is also a broad generalization which means the same for all irrespective of their age and experience.

7. THEORY


Theory is a tool of science.  The ultimate goal of science is theory formation.  Broadly related principles that provide an explanation for phenomena are known as theories.  They are used to explain, predict and relate various facts and phenomena.

           A scientific theory is a universal empirical statement which asserts a causal connection between two or more types of events. It states something about the condition under which one class of phenomena will be connected with another class of phenomena so that an event occurs.  In other words, theories are the accumulation of facts which establishes relation between events and refers the conditions in which the events occur.

Some definitions of scientific theory are given below:-

· According to Good and Hatt, “Theory refers to the relationship between facts or to the ordering of them in some meaningful way”.

· According to Matheson, “A theory specifies the relationship between events for the purpose of explaining the occurrence of events and predicting future events”.

· “A theory is a set of interrelated concepts, definitions and present a systematic view of  phenomena by specifying relations among variables with the purpose of explaining & predicting the phenomena”- (Kerlinger).
· “When a scientist endeavors to fit the available broad interrelations & general principles into orderly, logically constructed systems, such a system is called a theory” - (Groot).
               A theory is a statement that attempts to explain observations. A theory explains how nature works. 

Eg:-
Theory of evolution


Cell theory


Theory of relativity

Characteristics of a good Theory

George J. Mouley has given the following characteristics of a good theory:-

· Theory is based on related facts, concepts, principles and generalizations.
· Theory should be precise and clear.
· Theory must be grounded on empirical data.
· It is open to interpretation and verification.
· Theory follows the Law of Parsimony (that theory is best which explains the most in simplest form).
· Theory has meaningful structure.

· Theory has applicability.
SCIENCE AS A PROCESS
Science is more a verb than a noun.  In science, the ways of gathering information, thinking, problem solving etc. are called processes of science.  By the term process of science we mean the things that science and scientists do.  In other words, it is the activity or method by which scientists attain scientific knowledge.  The various processes of science include the way of scientists feel a problem, the way they develop and test hypothesis, the way they draw inferences and generalize conclusions and the way scientists communicate their ideas to others.  All these come under the heading “Scientific Method”.  The process side of science includes scientific method and scientific attitude. 
For understanding the process of science – process skills are required. Process skills are part of a chain of activities to collect evidence and to reach valid inferences through an analysis of the same. 
Science - A Process Approach (SAPA) defined these skills as a set of broadly transferable abilities, appropriate to many science disciplines and reflective of the behavior of scientists. SAPA grouped process skills into two types- 8 basic skills and 5 integrated skills. The basic (simpler) process skills provide a foundation for learning the integrated (more complex) skills. 
The basic process skills are:-

1. Observing
2. Measuring
3. Space – time relationship
4. Communicating
5. Classifying
6. Number relations
7. Inferring 
8. Predicting
1) Observing - using the senses to gather information about an object or event, its characteristic properties, differences, similarities and changes.
2) Measuring -Thinking about properties in a quantitative way leads to measurement. It uses both standard and nonstandard measures and estimates to describe the dimensions of an object or event. Example: Using a meter stick to measure the length of a table in centimeters.
3) Using space time relationship – It refers to observation of form, distance, motion, speed, precision, direction and time. 
4) Communicating – It refers to the use of written and spoken words or graphic symbols to describe an action, object or event. 

5) Classifying – It includes the grouping or ordering objects or events into categories based on properties or criteria. 
6) Using numbers- This means applying number and their mathematical relationships to make decisions.

7) Inferring – It is the process of explaining observations based on previously gathered data or information. Inference leads to conclusion.
8) Predicting - stating the outcome of a future event based on a pattern of evidence. It is an insight of what will occur based on present knowledge and understandings, observations and inferences.
The integrated process skills are:-

1. Making operational definitions
2. Formulating hypothesis
3. Identifying & Controlling variables
4. Interpreting data
5. Experimenting
1) Defining operationally - stating how to measure a variable in an experiment. It is written in the language of students. Definitions are in the context of student’s experiences, not from the glossary, and not to be memorized. 
2) Formulating hypotheses - stating the expected outcome of an experiment. That is making clever guesses based on evidences that can be tested through experimentation.
3) Controlling variables - being able to identify variables that can affect an experimental outcome, keeping most factors constant while manipulating only the independent variable. 
4) Interpreting data – organizing, analyzing and synthesizing data and drawing conclusions from it. 
5) Experimenting - being able to conduct an experiment, including asking an appropriate question, stating a hypothesis, identifying and controlling variables, operationally defining those variables, designing a "fair" experiment, conducting the experiment, and interpreting the results of the experiment. 
These process skills are involved in problem solving or Scientific method.
SCIENTIFIC METHOD

            A ‘scientific method’ is a method which is used for solving a problem scientifically.  It is also referred to as ‘the method of science’ or ‘the method of a scientist’. Any method which is endowed with scientific spirit & scientific attitude is scientific method.
           The method or procedure adopted by scientists in their investigation of natural phenomena, the way in which scientific generalizations are arrived at and made use of it is called scientific method.  It is a systematic and orderly method of solving problems.  This is one of the important contributions of science and the students should be taught and well trained in the method of attacking a problem, because training in this method is more important than the acquisition of funds of information.  The science teacher should provide such situations and activities which are conducive to its development and training.  Scientific method involves reflective thinking, reasoning and results in the achievement of certain abilities, skills and attitudes.  
According to Lundberg “Scientific method consists of systematic observation, classification and interpretation of data”. 
The systematic pursuit of knowledge involving the recognition and formulation of a problem, the collection of data through observation and experimentation, the formulation of a hypothesis and the testing and confirmation of that hypothesis.”  - (Fields)                    
Significance of Scientific Method
· Scientific method lay emphasis on systematic & careful study.
· It can be applied in different branches of science.
· In this method information are collected by accurate observation and experimentation.
· Data collected are properly classified and results are derived after analyzing the classified data.
· Further verification of results leads to the framing of scientific principles and laws.
Characteristics of Scientific Method

The important characteristics of scientific method include;

· Objectivity – Scientific method is quite objective in its approach and is altogether free from biases and prejudices.

· Definiteness – Scientific method is characterized by definiteness in its process as well as product.  The results arrived at through the scientific method are quite reliable and valid.

· Verifiability – Scientific method lays sufficient emphasis on the proper verification of the facts. In this method, results are not accepted unless they are verified through adequate tests and experimentation.

· Generality – The conclusions or results derived from the scientific method shows a marked characteristic of generality.  Firstly, it means that inductive method is used in making generalization out of particular happenings or events and secondly the principle and laws established through scientific method are quite universal having generalized application in similar other situations.

· Predictability – The results obtained by scientific method are characterized by the ability of predicting the future outcomes of the objects or events.  In a given situation under the known circumstances what would happen to particular phenomena can be safely predicted through the properly generalized results of the scientific method.

· Modifiability and Dynamicity – The results obtained by scientific method are never final, absolute and static.  They are always open to verification and experimentation.

Steps Involved in Scientific Method

The scientific method consists of the following steps:-

· Sensing the problem

· Understanding the problem 

· Formulating hypotheses

· Collecting the data

· Interpreting the data

· Selecting and Testing the most likely hypothesis

· Drawing conclusions and making generalization

· Applying generalizations to new situations
· Sensing the problem
A problematic situation that finds no ready solution is the starting point of scientific method.  A problem is a felt difficulty for which no ready answer is available.  It is the gap between what we have and what we want.  It is a situation in which one does not know which way to proceed. The first step is concerned with this felt need in the mind of the learner so that he may absorb himself fully for the adoption of scientific method in his study.  He must be fully aware of the problem and must feel an inner urge to find out its solution through his own independent efforts. The teacher should provide such situations in which the students feel the need of asking some questions.  The teacher may also put such questions which require thinking on the part of students and this may become a problem for the students to solve.  The problem should fit in with the curriculum.
· Understanding the Problem
In order to go ahead with the task of investigating and solving the problem it is essential that the problem should be studied and analyzed thoroughly from all possible angles.  In this step the questions like what is the problem, what should we aim in setting out for the solution of the problem, how can it be solved etc. should be given serious consideration.  Considering this in mind the students define their problem in a concise, definite and clear language.  There should be some key words in the statement of the problem, which may help in better understanding of the problem.

· Formulation of tentative solutions/hypotheses

On the basis of previous knowledge related with the problem all the possible tentative solutions named as hypotheses are being listed out.  From this list, attempts are made to select the appropriate and relevant ones by rejecting those which do not appear to be appealing, feasible and suitable in the form of some possible solution of the problem.  Such suitable and selected hypotheses are taken ahead in the next step for further consideration.

· Collecting the data

After the formulation of hypotheses, attempts are made to collect all the relevant information, evidences and data for the solution of the problem. In most problems, the area selected for investigation, someone will have already collected certain information. The investigator must read and understand this data.  Collection of data helps in providing insight into the problem and also for selecting the most likely hypotheses. This data can be collected from various sources like books, nature study, field trips, performing experiments, discussing with experts, observing relevant films and slides etc. The students should be given practice in locating information and to plan means to obtain it.

· Interpreting the data

After collecting data these have to be critically examined and the students organize the data by similarity and difference, and plan experiments to answer questions and test ideas.  The superfluous (unwanted) data is discarded.  The students require a lot of practice in interpreting data because it involves reflective thinking. 

· Selecting and testing the most likely hypothesis

All the suitable and appropriate hypotheses set in the previous step are being evaluated one by one in this step.  By considering all the pros and cons, ultimately one of the hypotheses is accepted as a final solution of the given problem. Selecting the most likely hypothesis from a number of hypotheses require special skill and the selected hypothesis is again tested experimentally to find out its truth. Such arrived conclusion in the form of an accepted hypothesis usually seems to satisfy the following three conditions:-

1) It is in total agreement with the needs of the problem.

2) It is in tune with the pre-established facts and principles or able to prove its validity on the basis of newly established facts, tests and experiments.

3) Any doubt regarding its validity can be removed through further verification.

· Drawing conclusions and making generalization
The tested hypothesis if accepted leads to the conclusion to be formed.  The generalization can be made by arranging a set of experiments which also show the same conclusion already reached at.
· Application of generalization to new situations
The students should apply the generalization to their daily life.  This will bridge the gap between the class room situation and real life situation.  The application of generalization (which may be a principle in itself) will help in verifying the generalization.
 Note: (Give example of your own)

Advantages of Scientific Method
Some of the advantages of scientific method are:-

· Students learn science by their own experiences and the teacher is just a guide who provides them an opportunity and proper environment for learning science.

· It trains the students to identify scientific problems.

· It gives enough training to students in techniques of information processing.

· It develops in students the power of logical thinking.

· It helps to develop an intellectual honesty in students.

· It provides the students training in the methods and skills of discovering new knowledge.

· It helps the student to apply scientific knowledge in daily life.

· It also helps in developing positive attitudes among the pupils.

SCIENTIFIC ATTITUDE


The process aspect of science also includes the pattern of thinking called scientific attitude. An attitude is a mental disposition (state) that makes a person behaves in a particular way.  In other words, an attitude is a condition of mind that bring in imagination and emotional states which are the outcome of previous experiences.  Attitudes condition man’s behaviour and are therefore important in education.  There are a number of attitudes that can be developed in pupils through the learning of various subjects in the school curriculum.  Scientific attitude is the most important among them and it can be developed through the learning of science.


Scientific attitude means a willingness to adopt scientific approaches and procedures for solving problems.  According to NSSE (National Society of the study of Education) – Scientific attitude or scientific temper can be defined as “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”.  


It is very difficult to define scientific attitude.  But, its manifestations can be easily identified in pupils.

Characteristics of A Person Who Possess Scientific Attitude
1. Critical in observation and thought.
2. Is open – minded – The person having scientific attitude is not narrow minded.  He has the patience to listen to other’s point of view.  He does not consider his own opinion as final but is always ready to modify them on the basis of correct reasoning and valid proofs.

3. Has the spirit of curiosity – The person possessing scientific attitude is found to be very curious by nature.  He wants to know more and more about the things, persons and events surrounding him.  He goes deep and deep in the investigation of what he sees, listens and finds in his environment and does not stop until he gets proper explanation and satisfactory response of his questions.

4. Believes in cause & effect relationship – He holds a firm belief that nothing happens without a valid cause.  He doesn’t believe in misfortune and superstitions.  He thinks that behind every event there is some definite physical force and the events occur in a definite pattern following the scientific laws and principles and in no case they are governed by the supernatural or mysterious powers. 

5. Believes in the theory of evidence – He does not believe in mere here saying and superstitions spread in the society because he is in the habit of accepting only those things that prove true on the basis of collected evidences.  He rejects all biased and prejudiced statements which are not grounded on the sufficient evidence. Moreover, he accepts the facts in their true colour and form.

6. Adopts scientific method in his thinking and working – The person having scientific attitude is quite scientific in his thinking as well as functioning.  He always makes use of planned procedure known as scientific method for solving problems.

7. Has love for truth – The person having scientific attitude is always in the real pursuit for truth.  He does not accept wrong and false statements and views.  He is always honest in the application of his knowledge and does not allow it to be diverted in the wrong and undesirable direction.
8. Objective in his approach to problems.

9.  Does not believe in superstitions and false beliefs.

10.  Suspends judgment until suitable support is obtained.
11.  Truthful in his observations and draws conclusion based on accurate facts.

12.  Unbiased and impartial in his judgments.

13.  Accepts no conclusions as final or ultimate.
14.  Seeks to adopt various techniques and procedures to solve the problem.

15.  Selects the most recent authoritative and accurate evidence related to the problem.

16.  Seeks the facts and avoids exaggeration.

How To Develop Scientific Attitudes?/ Measures/Ways for Developing Scientific Attitude in Students
Scientific attitudes are the most important outcomes of science teaching.  The full responsibility of developing scientific attitude among students lies on the teacher.  The teacher manipulates various situations to infuse characteristics of scientific attitude.

Scientific attitude can be developed in the following ways:-

· Wide Reading 
The students should be encouraged to study extra scientific literature than their academic text books.  Life of great scientists, books on scientific inventions, science fiction etc. will be helpful in promoting scientific attitude in students. For this, it is essential that each school at least has a science corner in the library and the science teacher himself should have a love for extra reading.  Certain articles on scientific topic can be gathered and kept by the students. 

· Study on Superstitions 

Superstitions are a great block in the path of the development of scientific attitude among children. Students may be encouraged to investigate some common superstitions in the course of learning particular lessons, and come to their own conclusion by actual survey and study. For this, the teacher should first make out a list of such baseless beliefs and ask the students to test the validity of these beliefs by collecting relevant evidences and proofs mainly based on their self-observation, experiences and experimentation.
· Proper use of Laboratory/Practical Period 
Proper use of laboratory can offer many opportunities for developing scientific attitude.  Practical work should be done with intellectual honesty.  The teacher should suggest projects for experimentation and problem solving.  He should practice the proper method of testing the hypothesis.  He must inculcate in his students the habit to postpone judgments in the absence of sufficient evidence to support a hypothesis. 

· Participation in co-curricular activities
In order to develop scientific attitude in students, they do participate in activities like nature study, science fairs, science exhibitions, science conferences, making of improvised apparatus, science museum, organizing science club, hobbies club, science society, photographic club, eco club, forest club, organizing scientific excursions, maintaining garden, live corners and other meaningful and beneficial activities.  Such scientific activities will definitely help in promoting scientific attitude in our students. Under the supervision of teacher students can be given enough freedom to plan their activities.  It will help to inculcate some desirable scientific attitudes in students.
· Proper class-room atmosphere
The science classroom, science laboratories and other places of science activities should be well loaded with a sense and spirit of scientific environment.  The science teacher should provide his students complete freedom of expression and action in the classroom.  Child-centered methods, respecting student’s views, encouraging intelligent questions etc. can create an atmosphere conducive to the development of scientific attitude in students.

· Proper method of teaching

If the teachers want to develop the quality of scientific attitude in their students, they must make their teaching method more scientific.  The teachers should encourage the students to carry on independent tests and experiments in the laboratory in a spirit of self-exploration and investigation.  The teachers should avoid spoon feeding and students should be encouraged to discover and try to find out the solutions by their own efforts.
· Use of planned exercises
A large number of exercises for the development of scientific attitudes are reported by various journals and magazines.  Teacher can frequently use such exercises for developing certain scientific attitudes among pupils.  He can also make use of cuttings from newspapers and science magazines and can display such materials on bulletin board so that it is used again and again for direct teaching.  Exercises which are always included in good text books can also be used by the teacher for developing scientific attitude among his pupils.

· Personal influence of the teacher
Personal influence of the teacher is perhaps the single greatest force that is helpful in inculcating scientific attitude among his pupils. It is an established fact that the students imitate their teachers and is generally seen that “As is the teacher, so is the student”.  Therefore it is the bounden duty of the teacher to adopt scientific attitude in them and use scientific method in their teaching.  Then only the students will be able to imbibe the much needed scientific attitude.  It is therefore essential that science teacher himself must be free from bias and prejudices while dealing with pupils.  He must be open-minded, critical in thought and action in his everyday dealings, must be free from superstitions and unfounded beliefs, must be objective and impartial and his approach to everyday problems must be truthful and have faith in cause and effect relationship.  The teacher should also encourage the spirit of creative criticism, enquiry and investigation among his students.

“Perhaps the most important purpose of science teaching is to make the pupils aware of the methods and attitudes of scientists” – UNESCO Publication.


SCIENCE AS BOTH A PROCESS AND PRODUCT
Science is both a body of knowledge and the process of acquiring it, ie, science is both a verb and a noun.  Traditionally science was taught verbally, but today traditional lecturing which was teacher entered is transformed into modern child centered methods.  There has been a shift from the memorization of large number specific facts to the useful understanding of limited number of principles and basic ideas.  Thus rote memorization (factual understanding) has given way to functional understanding.

          It is no longer, sufficient to teach students that scientists know.  But they have to see how scientists have come to know about it.  Only in this way we can produce a generation of citizens who accept and appreciate the role of science in their lives and the development of their country ie, a generation which includes a substantial (real) group of genuinely productive scientists, engineers, agriculturists, doctors, technicians etc.


How to attain scientific skills, how to develop problem solving ability in children, how to improve their thinking ability etc. are the concerns of a modern science teacher.  Learning by doing is given emphasis even in lower classes and the project method and problem solving methods are adopted whenever possible.  Today the NCERT and SCERT version of science text books demands the process orientation than the product orientation.


The process and product aspects of science are interdependent and inseparable.  They support each other; each is supported and strengthened by its counterpart.  These aspects are really like the two sides of the same coin.

HYPOTHESIS


Hypothesis is an intelligent guess or tentative suggestion to the solution of a problem.  “These are shrewd (judicious) guesses that are formulated and provisionally adopted to explain observed facts or conditions and to guide in further investigation”.  Hypothesis is the most important mental technique of the 

investigator.  It provides direction to research.  It tells the investigator what to do and how to proceed.  It is actually the ground work on which the whole investigation is built up.


The word hypothesis is derived from two Greek Words “hypo” means “under or below” “thesis” means “placing, reasoned theory or rational view point”.  According to Coffey, “A hypothesis is an attempt at an explanation, a provisional supposition (assumption) made in order to explain scientifically”.

Characteristics of a good hypothesis
· A good hypothesis must have explanatory power ie, explain existing data in simples forms.

· It should be simple, stated clearly and precisely in unambiguous terms.

· It should be testable ie, deductions, conclusions or inferences can be drawn on the basis of hypothesis.

· It must be consistent with the universal laws/well established laws of nature.

· It must be conceptually clear, specific and definite. 

                                       * (Note: Give your own example)

Scope of Teaching Natural Science

            Science is one of those human activities that man has created to gratify certain human needs and desires.  The scope of science in the world is now recognized, and it is generally accepted that some knowledge of science is an important part of education.  The scope of Natural Science lie in the following areas:-

· Science trains the student to be observant, develops his thinking ability and reasoning power.

· It has practical utility.

· It produces respect for life and a humane consideration for everything living.

· It should make the pupil fit for society.

· It should train the students in methods of life sciences.

· It should develop scientific attitude and science related values among students.

· It provides some practical experiences to students.

Importance of Science in Relation to Self and Community


The study of life science is becoming important because of the following reasons:-

· Life science teaching helps in the proper utilization of natural resources.

· It encourages and helps to develop healthy living conditions.

· It helps to produce good variety of plants and animals.

· It is a must for career planning.

· Its study is good for raising student’s curiosity.

· Its study helps in better living.

· It improves scientific understanding and develops human thinking and love.

· It helps in the control of diseases.

· It gives an essential background of knowledge for cultural development.

· It helps in the appreciation and enjoyment of nature.

· It gives many opportunities to foster scientific method and scientific attitude.

· It enables the citizens to lead happy, well balanced and useful life.
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