
COURTSE INTRODUCTION 
 

During the passage of time, educational experiences have undergone several 
changes. The role and responsibilities of teachers as well as students have 
changed. The shift emphasis of “Teaching” to “Learning” has resulted in various 
combinations of methods and techniques to achieve the goals. 
 
By expanding the frontiers of knowledge and expanding needs and competencies 
of students- the research for appropriate strategies has become greater. 
 
However the teacher must remain the pivot ground, on which the entire process 
revolves. In the educational system the teacher should have the freedom to 
innovate and devise appropriate methods of teaching. This course has been 
designed to appraise the master requirements of 21st century. This course will 
equip the student  teachers with the skill of innovative strategies and like-wise 
teaching techniques. This course is expected to meet the challenges which the 
science teacher will be facing in the forthcoming era of information technology. 
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OBJECTIVES OF THE COURSE 
 

After completing this course the students will be able to: 
1.  Describe the nature and scope of science education 
2. Appraise the modern technology tools for science education. 
3. Adopt innovative and modern teaching strategies in teaching learning 

process. 
4. Apply different and specialized teaching strategies for the students of 

individual differences. 
5. Will attain scientific attitude. 
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INTRODUCTION 
 
Nature of science in science education is the first unit of this book. The purpose of 
this unit is to equip the trainee teachers with knowledge and skills about nature of 
science. This unit will provide with the wider understanding of nature of science 
education. Teachers own understanding about nature of science education is great 
barrier for effective science teaching. Teacher having deep understanding of 
nature of science education enable the science teachers to implement innovative 
teaching strategies in the classroom. 
 
Nature of science education determines the direction of science teacher towards 
science curriculum and science teaching strategies.  
 

OBJECTIVES 
 
After completion of this unit you will be able to: 
1. Understand the term Nature of Science 
2. Visualize the role of nature of science in science education. 
3. Determine role of activity approach in science teaching. 
4. Describe role and use of scientific methods in science teaching 
5. Understand ethics of science teaching 
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1.1. NATURE OF SCIENCE 
 
Nature of science is about the philosophical and practical understanding of the 
processes and reasoning of science, including its nature as a very human 
endeavour. 
 
It’s knowing what the difference is between hypotheses, laws and theories (and 
how most science textbooks get this wrong) and what the characteristics of a good 
hypothesis are it’s about how the structures and processes of science are the way 
they are, in large part, to account for our cognitive biases, and that unique 
subjective experience is not foundational in science as it is in other areas of 
knowledge  
 
it’s about knowing that there is no one scientific method, but that there are many 
scientific methodologies and that what makes an idea scientific is the goal of 
maximum explanatory and predictive power combined with exquisite friability 
 
it’s understanding that solid scientific ideas have many defined parameters – the 
more the better - and that this is what separates them from pseudoscience, where 
goalposts are constantly shifted (ever seen a psychic renege on a promise to read 
minds because the presence of aseptic is “disrupting the energy”?) 
 
it’s being able to explain the difference between induction and deduction, to 
characterise and instantiate the types of inferential reasoning that are acceptable in 
science and what problems and opportunities this presents in public understanding 
Thinking critically in science means, in large part, to be able to do such things. 
 
The main components of Nature of science as described by the national council are: 
 
1.2 SCIENTIFIC WORLD VIEW 
 
Scientists have their own views about the nature of science. They view their work 
in the cage of their own beliefs and attitudes. Generally scientists take the 
scientific world view  as science as knowledge, science as product and science as 
process. 
 
1.2.1 Science as Knowledge 
Following views will help to understand you science as knowledge. 
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a) The world is understandable 
 The world is organized in a definite pattern and phenomenon occurring in it 

follow a certain set of principles, laws and rules. Scientists believe that the 
world and its complexity can be explored by using scientific method.  

 
b) Scientific Knowledge is changeable 
 Scientific knowledge is based on observations and experimentation. 

Theories are formulated by careful observations and experimentations. 
These theories can be changed on basis of further experimentation. When 
some theory is likely to change, this phenomenon is called falsification. 
Falsifications open new horizons for further investigations about exploration 
of new theories and laws.  

 
c) Scientific Knowledge is durable 
 Lot of scientific knowledge is durable and useful till the new evidences 

reject the prevailing knowledge. Mostly old theories get improved rather 
than complete rejection. Hence scientific knowledge is durable. 

 
d) Science cannot provide complete answers to all questions 
 Scientific knowledge is tentative. Science deals only with matter. Science is 

unable to provide answers related to superficial and non-materialistic 
phenomenon. For example scientists have been failed to determine the 
structure of honesty, belief, goodness or evil.  

 
1.2.2 Science as Product 
You might have read about scientific facts, concepts, theories and laws. All these 
are science products. Lets us discuss about these products. 
 
a) Scientific Facts 
 Scientific fact is an observation that has been confirmed repeatedly and is 

accepted as true.  
You might have observed the sun rising in the East and setting in the East 
repeatedly.  
Two plus two make four. The two observations are facts. Some facts have 
accepted due to underlying reasons. For example water cycle has some 
underlying reasons, light comprise seven colours etc. 
 
Activity:  
Make a list of facts that can be directly observed. 
Make a list of facts which are not directly observed. 
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b) Scientific Concept 
 A scientific concept is composed by combining a number of facts. A set of 

correlated and organized in a certain pattern ideas and facts formulate a 
concept. Concept of mammals can be comprehended by accumulation of 
facts about mammals; like animals having hair on their body, give birth to 
children and have mammary glands to feed their babies.  

 Concepts are wider than facts, as a large number of facts form a concept.  
Speed and acceleration in the subject of physics are examples of concepts. 

 
Activity 2: 
Formulate concepts with the help of facts. 

 
c) Theory 
 You might have read about theories in science subjects. Can you tell names 

of some theories other than , Daltons theory, cell theory and kinetic 
molecular theory. 

 Theory is the product of facts and concepts gained through observations and 
experimentation. As a result of testing hypotheses , when repeatedly the 
hypothesis come true it is called a theory.  

 A theory explains a set of related observations or events on the basis of 
proved hypotheses and verified many times. Scientists formulate the 
theories t explain a large number of facts, concepts and observations about 
the natural world. A theory has the following characteristics: 

 It is internally consistent and compatible with the evidence. 
 Supported by the evidences. 
 Tested many times in variable conditions. 
 A theory is wider in nature as compared with concept but narrow to that of law. 
 
d) Law 
 A stage  comes when scientists test and retest the theories with the help of 

experimentations by formulating further hypotheses, making deductions and 
inductions, but if the results remain same this theory become a law. Just 
remember some scientific laws which you have read at SSC or HSSC level 
in physics boyles and charles law, law of gravitation, pascals law etc. In the 
subject of Chemistry avogadros law, faradays laws and coloumbs law, in 
mathematics laws of logrithum, laws of exponents and in biology darwins 
law and mendels laws of genetics are some of the important laws. 

 
Scientific method is required to reach ultimate truth , this ultimate truth is called law. 
 
Activity: 3  
Differentiate between theory and law with the help of examples. 
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1.2.3 Science as A Process 
Science as process is an approach converse to that of science as a product. In fact 
products are not formulated without process. For each science product there is 
always a specified process. one of the process is called scientific method, and 
other is process of doing science. 
 
Scientists acquire scientific skills and attitudes during the science process. Those 
who believe science as a process follow certain steps for science investigations 
and explorations. Now in this scientific and technological age , to know how 
knowledge is constructed, how some product if formulated is more important than 
to mere  know what is scientific fact, concept, theory or law. 
 
Knowing about what is the phenomenon is less importance as compared to know 
how this phenomenon occur, what factors are involved in occurrence of this 
phenomenon is more important.  
 
1.2.3.1 Key Concepts in the Process of Science 
 
1. Science is a process of investigation into the natural world and the 

knowledge generated through that process. 
2. Scientists use multiple research methods to study the natural world. 
3. Data collected through scientific research must be analyzed and interpreted 

to be used as evidence. 
4. Scientific theories are testable explanations supported by multiple lines of 

evidence. 
5. Scientific knowledge evolves with new evidence and perspectives. 
6. Science benefits from the creativity, curiosity, diversity, and diligence of 

individuals. 
7. Science is subject to human bias and error. 
8. The community of science engages in debate and mitigates human errors. 
9. Uncertainty is inherent in nature, but scientists work to minimize 

and quantify it in data collection and analysis. 
10. Scientists value open and honest communication in reporting research. 
11. Science both influences and is influenced by the societies and cultures in 

which it operates. 
12. Science is valuable to individuals and to society. 
 
1.2.3.2 Basic Science Process Skills 
 
A scientist can do science in a better way when he/she has acquired some basic 
science process skills. Basic Science process skills are as follows: 
• Observation 
• Communication 
• Classification 
• Measurement 
• Inference 
• Prediction 
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i- Observation 
Observation is the basic science process skill.  Five senses are the gate way 
for observation of events and phenomenon. Observational skill provide basis 
for other science process skills. The observations can be in qualitative and 
quantitative terms depending upon the purpose of observations. For 
example, the observations that the tree is very tall or dwarf is a qualitative 
observation, whereas 10 meter tall and 2 meter dwarf are quantitative 
observation. 
 

ii. Measuring 
Measuring the values of different observable things and events is an 
important skill, as it is necessary to describe dimensions of an object or 
event. Each dimension has certain units .e.g length of any object is measured 
in meters, volume is measured in liters, mass is measured in Kilograms, heat 
is measured in Calories; temperature is measured in Kelvin etc. some 
reliable tools or instruments are required to measure certain dimension, e.g. 
length is measured with foot, meter rod or inch tape, volume is measured 
with graduated cylinder, beaker pipette, or flasks etc, mass is measured with 
electrical balance, physical balance, or spring balance etc, heat and 
temperatures are measured with calorimeter and thermometers, 
To describe the dimensions of an object or event we use standard and non 
standard measures and estimates. Some examples of standard measures include 
using a foot ruler or measuring tape to measure length, measuring volumes of 
liquids with graduated devices object or event, measuring temperature with 
thermometer, measuring mass of liquids, Solids or gases etc.  
 

iii. Classifying 
Things and events are classified on the basis of same characteristics for easy 
and systematic study. This skill is abruptly used in science. You might have 
learnt about classification from class-IV to upper classes. Matter has been 
classified into four groups: Solids, liquids, gases and Plasma. In the same 
way biologists have classified living things into animals and plants. 
 

iv. Inferring 
Inference is explanation of what we observe. Making an inference means, 
drawing a conclusion about a specific event on the basis of our observations 
and the facts or data that we collect. Statement of an observation may 
include cause and effect relationships. For example, we observe rat’s 
droppings in the room and infer that the lion is somewhere near that place, 
or if we observe that leaves of plants are eaten we infer that insects might 
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have eaten them. In science inferences guide the investigator in his/her 
investigation. 

 
v. Communicating  

Communication is sharing information or knowledge, results of an 
experiment, findings, ideas or opinion with others in verbal, written or 
graphic form. For example, we may describe the change in the height of a 
plant over a specified time in writing or through a graph. Writing the report 
of an experiment in words, presenting the result of an experiment in table, 
graph or chart from and verbally describing something are few examples of 
communication. Communication is an important skill both in daily life as 
well as in science.  
There are a number of ways of communication. In daily life we 
communicate verbally, in writing and also through pictures or as such 
communication is often termed, in pictographs or pictograms. Egyptians 
used pictographs as means of communication as we infer from the 
pictographs found in pyramids of ancient Egypt.  

 
vi. Predicting  

Every day on radio and television the newscaster gives us information about 
the next day’s weather forecast, which is based on data such as amount of 
moisture in the atmosphere, air pressure etc. This is prediction. Prediction 
means “stating the outcomes of a future event based on a pattern of 
evidence”. For example, in an experiment the researcher observed the 
growth of a plant over a period of two weeks and makes a graph of it. Based 
on a graph of its growth during the previous two weeks, he predicts about its 
growth during the next weeks.  

 
The six basic skills can be put in a logical order of increasing difficulty. 
These basic skills are used in an integrated manner when scientists design and 
carry out experiments. For example, observations about the size can be made 
through measuring the objects, similarly to infer we need to first observe.  
 
The science process skills form the foundation for scientific methods. These are 
important individually as well as when they are integrated together. 
Identify the different basic process skills required to perform the following 
activities. 
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Activity 3 
Identify some events and phenomenon which require science process skills for 
their understanding. 
 
1.2.3.3 The Integrated Process Skills 
The term integrated means having more than one components or parts which are 
interrelated in some way. The integrated skills are the skills which require 
application of basic science skills. It is therefore important that the learners 
develop proficiency in the use of basic science skills prior to use integrated 
process skills. The integrated process skills include the following skills: 
1. Formulating Hypotheses. 
2. Identifying variables. 
3. Defining Variables Operationally. 
4.    Describing Relationships between Variables. 
5.  Designing investigations. 
6.    Experimenting  
7.   Acquiring Data. 
8.   Organization of data in Tables and Graphs 
9.   Organizing investigation and their data 
10.   Understanding Cause and effect relationship 
11.   Formulating Models  
 
1. Formulating Hypotheses - stating the proposed solutions or expected 

outcomes for experiments. These proposed solutions to a problem must be 
testable.  

2. Identifying of Variables - stating the changeable factors that can affect an 
experiment. It is important to change only the variable being tested and keep 
the rest constant. The one being manipulated is the independent variable; the 
one being measured to determine its response is the dependent variable; and all 
variables that do not change and may be potential independent variables are 
constants.  

3. Defining Variables Operationally - explaining how to measure a variable in 
an experiment.  

4. Describing Relationships Between Variables - explain relationships between 
variables in an experiment such as between the independent and dependant 
variables plus the standard of comparison.  

5. Designing Investigations - designing an experiment by identifying materials 
and describing appropriate steps in a procedure to test a hypothesis.  

6. Experimenting - carrying out an experiment by carefully following directions 
of the procedure so the results can be verified by repeating the procedure 
several times.  
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7. Acquiring Data - collecting qualitative and quantitative data as observations 
and measurements.  

8. Organizing Data in Tables and Graphs - making data tables and graphs for 
data collected.  

9. Analyzing Investigations and Their Data - interpreting data statistically, 
identifying human mistakes and experimental errors, evaluating the hypothesis, 
formulating conclusions, and recommending further testing where necessary.  

10. Understanding Cause and Effect Relationships - what caused what to happen 
and why.  

11. Formulating Models - recognizing patterns in data and making comparisons to 
familiar objects or ideas.  

 
Science Process Skills and Integrated Skills an Overview. 

Process of Science Competency Indicators 
Observing • Observe objects or events in a variety of ways using 

one or more of the senses. 
• Identify properties of an object, i.e. shape, color, size 

and texture. 
• Use indirect methods, i.e. hand lenses, microscopes, 

thermometers, to observe objects and events. 
• Observe objects or events by counting, comparing, 

estimating and measuring. 
Classifying • Identify properties useful for classifying objects. 

• Group objects by their properties or similarities and 
differences. 

• Construct and use classification systems. 
Inferring • Suggest explanations for events based on observation. 

• Distinguish between an observation and an inference. 
Predicting • Forecast a future event based on prior experience, i.e. 

observation, inference or experiments. 
Measuring • Compare and order objects by length area, weight, 

volume etc, 
• Measure properties of objects or events by using 

standardized units of measure. 
• Measure volume, mass, weight, temperature, area, 

length, and time using appropriate units and appropriate 
measuring instruments. 

Communicating • Construct and use written reports, drawings, diagrams, 
graphs, or charts to transmit information learned from 
science experiments. 

• Verbally ask questions about, discuss, explain or report 
observations. 
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• After an investigation, report the question tested, the 
experimental design used, results, and conclusions 
drawn, using tables and graphs where appropriate.  

Using Space/Time 
Relations 

• Describe an object’s position, i.e. above, below, beside, 
etc in relation to other objects. 

• Describe the motion, direction, spatial arrangement, 
symmetry, and shape of an object compared to another 
object. 

Defining 
Operationally 

• State definitions of objects or events in terms of what 
the object is doing or what are occurring in the event. 

• State definitions of objects or events based on 
observable characteristics.  

Formulating 
Hypotheses 

• Identify questions or statement which can and cannot be 
tested. 

• Design statements, i.e. questions inference, predictions, 
which can be tested by an experiment. 

Experimenting • Design an investigation to test a hypothesis 
• Conduct simple experiments 
• Recognize limitations of methods and tools used in 

experiments, i.e. experimental error 
• Utilize safe procedures while conducting investigations. 

Recognizing 
Variables 

• Identify the manipulated (independent) variable, 
responding (dependent) variable, and variables-held-
constant in an experiment. 

• Control the variables in an investigation. 
Interpreting Data • Organize and state in his/her own words information 

derived from a science investigation. 
• Revise interpretation of data based on new information 

or revised data. 
Formulating 
Models 

• Create a mental, physical, or mental verbal 
representation of an idea, object or event. 

• Use models to describe and explain interpretations of 
ideas, objects, or events.  

 
Table 1: Indicators of student’s Competency in Different Science Skills 

1. Why Should We Teach Science Process Skills? 
In the present day world, science and technology have left the confines of 
laboratory and entered our daily life. Look at the things around you. How 
many things in your kitchen, bathroom, and workplace are the products of 
science and technology? Just take the variety of kitchen were that we use; 
the various types of fertilizers which are being advertized in media; internet; 
cell phones and many other electronic means of gathering and disseminating 
information etc. An efficient and safe use of all these facilities requires basic 
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knowledge as well as some skills also. All this requires that even those who 
do not intend to pursue career in science or technology need to have basic 
knowledge and skills in science.  
Understanding of science content and the process through which scientific 
knowledge is generated, and development of science, involves developing 
an understanding of four major ideas, the nature of scientific knowledge and 
understanding of impact of science on society are considered essential for 
this era of science and technology. A term “scientific literacy” is used to 
depict this knowledge and understanding of science and scientific enterprise. 
The person who has this knowledge is called scientifically literate.  
A frequently given rationale for developing scientifically literacy is that 
citizens who are scientifically literate will be careful consumers of any new 
product. To explain this I shall narrate an example of use of DDT 
(Dichlorodiphenyltrichloroethane) a chemical that is extensively used as a 
pesticide. It is often used by mothers to kill head lice. Until few years back 
people use to apply oil and DDT mix to kill head lice. No doubt it is 
effective for getting rid of the past but this practice is extremely dangerous 
for health since DDT is a poisonous chemical. Scientific studies have related 
exposure to DDT products to increased risk of breast cancer, diabetes, and 
many other health problems. DDT use today has implications for 
generations to come, since once it enters human body it not only stays there 
but could be transferred to next generations to come, since once it enters 
human body it not only stays there but could be transferred to next 
generation’s e.g. through mother’s milk. It also persists in environment. For 
example, soil and water for years. There are many other products that we 
use without any awareness of their effects chemical fertilizers, many food 
activities, insecticides and pesticides which we use in our homes and fields 
are few to mention. In this world of science and technology even those who 
are not scientists or researchers need to make decision in their daily life 
which require know how of science and technology. If a person is 
scientifically literate he/she will have some knowledge and will always 
make more informed decisions about what to use and what not to use.  
It is also claimed that scientific literate citizens would also be able to 
understand socio-scientific issues such as global warming, energy problems, 
pollution and many other science and technology based issues which require 
knowledge of science to make any decision regarding these issues. 
Science process skills are skills which are applied in solving problems and 
in acquiring information and knowledge. The proponents of teaching 
science skills believe that development of proficiency in these skills will 
help the learners to become lifelong learners.  
Another commonly cited justification for teaching about nature of science 
and science skills is that understanding the structure and nature of science 
makes one better at doing and learning science. Research studies conducted 
on science students have revealed that fifth grade students designed better 
experiments after instructions about the purpose of experimentation.  
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2. Approaches to Science Process Skills 
There are different approaches to teaching of science. Some of the major 
approaches include: factual approach, conceptual approach, modular 
approach and process approach.  
 

(a) Factual Approach  
This approach is focused on transfer of factual knowledge of science to the 
students. It encourages rote learning. In this approach the students are 
generally passive receivers of knowledge. Little emphasis is given to 
teaching and learning of concepts, science process skills or nature of 
science. The most commonly used methods of teaching include: lecture 
method, recitation method. This approach has been criticized for conveying 
the distorted image of science as a mere collection of facts. 
 

(b) Conceptual Approach  
As the name indicates, this approach emphasizes learning of concepts. 
Under this approach different methods are used for teaching science 
concepts For example, using concept maps as instructional tools is one way 
of teaching concepts. You may read about this method in detail in some 
other unit.  
 

(c) Modular Approach  
 This approach lay emphasis to teach individual students at their pace that 

is both the slow and gifted children can use it. For this purpose self learning 
modules are developed. “A learning module is a self-learning package 
dealing with one specific subject matter unit” For example, a unit on 
“atomic structure”, or “cell structure”. Module is structured in such a way 
that learner can choose the objectives that he/she wants to achieve, then 
select the relevant material. In a module a number of a variety of methods of 
learning are given the learner chooses the method he/she feels is best. In the 
module provision is made for the students to assess his or her achievement 
find out gaps in learning. In this approach teacher is a facilitator. This 
approach focuses on content, processes or both.  

 
(d) Process Approach  
 This approach has science processes as the main objective of teaching. This 

approach is advocated due to its effectiveness for giving an understanding of 
nature of science and how scientific knowledge is developed through 
investigation and inquiry. It also provides the learner an opportunity to use and 
practice science process skills. Science process skills are said to have a wider 
application in many subjects not only in science and also in our daily life. 

 
Activity based method, inquiry method and project methods are examples of 
methods which can be used to teach science process skills. One of the common 
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misconceptions about process approach is that the teacher will focus on teaching 
science processes when he/she will teach science content. 
 
The pupils can learn content through application of science process skills. This 
will enable children to learn both science processes and content at the same time. 
For example, when a teacher gives an activity in which children are given a 
variety of flowers and are asked to study their characteristics like color, size, 
shape number of petals and also compare different flowers to study how they are 
similar and different. This activity will help them to develop- skill of observation 
and communicating the observation. It will also help them gain concentrate 
knowledge about variety in structure of flowers and parts of flowers. Or they may 
be asked to observe the growth of a plant and communicate the observations 
developing a chart, graph or in table form. Or they may measure temperature of 
water contained in the bottles of different colors to find out which color absorbs 
more heat from sunlight. The skill of inferring can also be practiced by giving the 
students a box containing an unknown object. The students are asked to find out 
what is in the box without opening it. They may listen to sound, feel the weight, 
and smell the box to find out what is in the box. Then, based upon their 
observations, they explain about the object inside the box. Their explanations are 
inferences based on their observation. As you may have noticed that the skill of 
inference depends upon efficiency in making observations. At elementary level 
the teacher can also help and guide the students to perform simple experiments 
like finding the factors affecting the flight distances of paper airplanes, or 
investigate the quality of different brands of tissue papers by checking which one 
is more absorbent.  
 
In 1960s American Association for Advancement of Science (AAAS) started a 
program of science for elementary level by the name of “science a process 
approach”. This program was focused on teaching science process skills. AAAS 
chalked out the competency indicators for each of the thirteen science process 
skills. These are given below. 
 
The competency indicators can guide the teacher about what children should be 
able to do to achieve mastery of processes. Read these indicators carefully and 
think of some simple science activities in which these skills could be used. Use 
the indicators to design the activities.  
 
1.2.2 Scientific Attitudes  
A third and equally important aspect of science is “scientific attitudes”. Attitude is 
a person’s inner thought, feelings and reactions towards, people; object or we can 
say the life and world in general. How a person acts and reacts greatly depends 
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upon her/his attitude. For example, the way a student does his assignments 
depends on his attitude towards studies. If he takes studies seriously and 
something which is beneficial or interesting he/she will do it with great care and 
diligence. Similarly, if a person is superstitious he/she will believe things without 
really trying to find out the basis of an idea or opinion.  
 
Scientific attitude is reacting and acting in certain ways to solve a problem. 
Literature has cited numerous attitudes which are conducive to that is which help 
to conduct a scientific inquiry. These include accuracy, intellectual honesty, open-
mindedness, suspended judgment, criticalness, and a habit of looking for true 
cause and effect relationships. Scientific attitudes depict the mental processes of 
scientists, hence are also referred to as habit of mind. These habits are imporant5 
not only of the scientist, but for everyone. If you consider Islamic teachings, you 
will realize that these habits of mind are stressed and emphasized in the Quran 
and Ahadith. 
 
The table given below describes some of the scientific attitudes cited in the 
literature.  
Scientific Attitude Description 
• Empiricism  • Practically studying or observing objects and 

phenomena using sense. It is based on the belief 
that nature and natural phenomena fellow 
constant rules and the world operates according 
to certain patterns that we can probe to 
understand nature and how it works. 

• Parsimony • It means that the simple explanation is preferred 
to the complex explanations. For example, there 
were two explanations of planetary system the 
complex earth centered system with epicycles 
and the simple Copernican sun-centered system 
the simpler explanation has been chosen. 

• Skepticism • Questioning attitude towards knowledge, facts, 
or opinions/beliefs stated as facts or doubt 
regarding claims that are taken for granted 
elsewhere. 

• Precision • To be exact not accepting vague answers, 
explanations etc. 

• Respect for paradigms • A paradigm is our overall commonly accepted 
understanding about how the world works. If a 
concept does not fit with commonly held 
understanding of the world, the scientist goes to 
work to find out if the new concept is incorrect 
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or if the paradigm needs to be changed. A 
change in paradigm is called paradigm shift. 

• Willingness to change 
opinion 

• When the new evidence suggests that the 
previously held concept or theory is wrong, the 
scientist would change his previous concept. 

• Suspended judgment • Scientists do not give final conclusions or 
opinions unless there is adequate evidence to 
suggest it.  

• Aversion to 
superstition 

• A scientist rejects superstition and act on only 
those ideas which have some sound basis. 

• A thirst for knowledge • It is the constant quest to understand nature and 
natural phenomena which keeps the scientists 
going on.  

 
Table: Scientific Attitudes. SOURCE: 
http://www.ksu.edu/biology/pob/modem_attitudes.html 
 
1.3  ROLE OF NATURE OF SCIENCE IN SCIENCE TEACHING 
 
Role of nature of science education is not limited, rather vast. Role of nature of 
science can be seen everywhere from curriculum to learning of science. Nature of 
science makes the students more critical and deep learner. Nature of science helps 
the curriculum developer to develop science curriculum according to the nature of 
science. Researches support that students view science as a knowledge picked 
from books, newspapers, radio and TV, as well as from classroom experiences. It 
is clear that much emphasize is on what we know rather than how we know. It is 
more important to have sense of what to learn than how to learn. 
 
Some students take science as boring enterprise- the laboraious accumulation of 
facts about the world, using scientific method and completely ignoring any kind 
of imagination or creativity. Therefore it is important to include the nature of 
science in planning and teaching. There is a need to tell our students about nature 
of science so that they may see how science is connected to the real world around 
them. Research about nature of science has shown that teaching about the nature 
of science plays following role: 
• Nature of science enhances students understanding of science content 
• Nature of science enhances understanding of Science. 
• Nature of science enhances students interest 
• Nature of science enhances decision making. 
• Nature of science helps to see the human side of science. 
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• Nature of science helps to enhance instructional delivery. 
 
It is also important to know about the nature of science because we are living in 
increasingly scientific and technological era in which many personal decisions 
involve scientific understanding. A person or lady working in a kitchen should be 
aware about the nature of things and until that person do not know about nature of 
science that will not have a thinking regarding what is difference between organic 
and inorganic compounds? What is the balanced diet? What will happen if one 
food is eaten in excess? To decide about what will happen  if there is long 
smoking? Will eaf fibrous food make life longer?  
 
Lets see how nature of science helps the common man to make decisions about 
above questions? 
 
We need to understand: 
• What scientific knowledge is relevant 
• What is the level of reliability of knowledge. 
• How the knowledge was generated 
• What are limitations of science knowledge. 
• How much confidence we can have in that knowledge. 
 
In this global era our students need to have an understanding of the nature of 
science. They should be able to evaluate, criticise and response and reflect to data 
presented as scientific evidence. They will be able to make predictions, 
propositions, develop hypotheses, make inferences , for the life . The science 
education is becoming one of the most important subjects in schools due to its 
relevance with the lives of the students and universally applicable problem- 
solving and critical thinking skills it develops and uses.  
 
1.4 ROLE OF ACTIVITY APPROACH IN SCIENCE TEACHING 
 
Nature of science is described in the science education as the unifying strand.  
What is the influence of nature of science on teaching activities? And what 
teaching activities will help us to teach the nature of science and science 
teaching? 
Here are some activities which will provide examples how we as science teachers 
may adopt other activities for teaching science and nature of science education. 
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Nature of Science Teaching Activity:1 
 
Changing theories about Mars 
 
Levels: 5-6 
 
NoS achievement aims:  Understanding about science  
Contextual strands:  Planet Earth and beyond  
Topic: Space 
 
Rationale 
Mars has the largest volcano in the solar system (Olympus Mons), and a huge 
canyon system (Valles Mariners), but no canals. 
Once thought to be home to life forms that built canals, the current view is that 
Mars is unlikely to host life. Keeping open-minded about new information allows 
scientists to fully explore options. Open-mindedness is important to the culture of 
science. 
 
What you need 
• Access to resources about the surface of Mars, as well as books and Internet 

resources. 
• Large sheet of paper or wall space for mapping out a timeline. 
 
Note: Supporting activity resources are provided below. 
 
Focus 
• What stories do you know about life on Mars? 
• Where do ideas about near-space objects, like Mars, come from? 
• What do you think it is actually like on Mars? 
• How do you decide which information to believe about Mars? 
• Do all scientific discoveries lead to an improved understanding about Mars? 
 
Exploration 
1. Get students to share their ideas of what they have heard about the 

possibility of life on Mars. 
2. Give them a copy of The story behind life on Mars . 
3. As a class, devise a plan to develop the resource into a large timeline (for 

example, a wall chart), making sure the design allows room to add further 
information. 

4. Get the students to pose questions about any further information they'd like 
to know about the surface of Mars, and/or the events on the timeline. 

5. Some questions (see also Reflection) might be: 
• Where have the ideas about life on Mars come from? Why did people 

think there might be life on Mars? How did scientists check those 
ideas out? 

• What is the same/different about the surface of Mars and of Earth? 
• Does Mars have an atmosphere that might support life? 
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• Have them research and investigate answers to their questions, using 
print, web resources, and the Mars versus Earth resource supplied, and 
add the results to the timeline. 

• Have them research and investigate answers to their questions, using 
print, web resources, and Mars versus Earth (page 2, The story behind 
life on Mars ), and add the results to the timeline. 

6. Alternatively, or as an extension, get students to: 
• hold a debate for/against the existence of canals on Mars 
• develop a drama or role-play of the development of ideas about 

possible life on Mars. 
 
Reflection 
• What evidence helped open-minded scientists change their minds over the 

last 20–30 years about what is on the surface of Mars? 
• How was that evidence gathered? 
• How easy do you think it has been for scientists to remain open-minded 

enough to shift their theories about Mars, when there were so many stories 
around that captured the popular imagination? 

• Why do scientists now think life on Mars is unlikely? 
• What conditions would be needed to support life on Mars? 
• How does research about life in extreme environments on Earth help us with 

our understanding of the likelihood of life on Mars? 
 
The story behind life on Mars 
 
18th   century Astronomers use a telescope to observe dark markings and 

bright polar caps. They time the motions of the markings, and 
establish that a Martian day is about 24 hours. This leads to a 
belief that Mars is another Earth. 

1877 Italian astronomer Schiaparelli believes he can see (through a 
small telescope) fine straight lines. He reports these as canali 
(channels). The word is mistranslated into English as ‘canals’. 
This leads to the belief that the canals are water courses built by 
an intelligent Martian race to carry water from the polar caps to 
the lower altitudes. 

1894 Lowell (wealthy Boston founder of Lowell Observatory, used 
primarily for the study of Mars) maps hundreds of canals and 
publicises his results. 

1907 The public is now convinced life exists on Mars, and generally 
agrees that the Martian race is older and wiser than humans. The 
belief of intelligent life on Mars is further strengthened by 
sightings of bright clouds and flashes of light on the planet. 
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1912 Novelist Edgar Rice Burroughs begins a series of 11 novels 
about the adventures of John Carter, an earthman lost on Mars. 
Burroughs’ Martian geography (with real and mythical 
Mediterranean names given by Schiaparelli) and green-skinned 
inhabitants become household words.  

1938 A radio dramatisation of H.G. Wells’s book The War of the 
Worlds is broadcast on Halloween night. Listeners mistake it for 
a genuine news broadcast of the invasion of Earth by Martians. 
They flee their homes in panic.  

1965 On July 15, the first spacecraft to fly past Mars (Mariner 4) 
sends photos to Earth that disprove the existence of canals and 
of Martians. Scientists now believe that the canals are optical 
illusions. 

 
Mars vs. Earth 
 
Similarities with Earth (where 
life exists) 

Dissimilarities 

A day on Mars is 24 hours, 40 
minutes. 

Mars is about half the diameter, and one-
eighth the volume of Earth. Its smaller size 
has allowed it to cool faster than Earth, and 
much of its atmosphere has leaked away 

A year on Mars is 1.88 Earth 
years. 

Mars’ atmosphere is thin; the density at the 
surface is about 1% that of Earth’s. The low 
density means any liquid water would boil 
into vapour. 

Mars has a tilted axis (24o) – 
Earth’s is 23.5o. 

The air on Mars is 95% carbon dioxide with 
almost no oxygen or water vapour. 

As the northern and southern 
hemispheres in turn face the 
sun, seasonal changes are 
visible (e.g. the white polar cap 
shrinks, the greyish surface 
marking darken). 

The soil is reddish, indicating iron oxides that 
lock oxygen in chemical compounds with iron 
in the soil. 

Mars shows signs of geological 
activity. (It has some of the 
largest volcanoes in the solar 
system.) 

Mars’ surface has no moving plates – its crust 
is frozen into a solid one-plate layer 
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Nature of Science Teaching Activity: 2 
 
Light Intensity Attenuation 
 
Levels: 6-8 
 
NoS achievement aims:  Investigating in science  
Contextual strands:  Physical world  
Topic: Light intensity 
 
Rationale 
The decrease in intensity of a light beam is related to the opacity of the medium 
and the distance it travels.  In determining the decrease in intensity of a beam of 
light travelling through different materials, students will explore how to manage 
the ongoing development of a practical investigation. They can be encouraged to 
discuss how to deal with inadequate or anomalous data, how to modify their 
methodology, or where to redirect their investigation. 
 
What you need 
• Sensitive multi-scale light meters (approximately 20–20,000 lux). 
• Variable light sources that can have their intensity controlled, for example, 

by using a variable power supply. 
• Multiple sheets (approximately 50 × 50 cm2) of a range of transparent and 

translucent materials, for example, coloured glass, plastics, and paper. 
 
Focus 
• What could cause attenuation of a light beam? 
• How could attenuation of a light beam be measured? 
• What variables might influence the rate of attenuation? 
• How could these variables be managed? 
• How could you deal with the effects of ambient light? 
• How helpful might it be to trial a method before deciding on a final design? 
 
Exploration 
1. Introduce the scenario that the class is a research consortium with a 

commercial contract to investigate factors that affect attenuation of light 
beams through different materials. 

2. Discuss with the class the aim of this investigation, introduce the range of 
transparent and translucent materials they can use, and have them discuss, 
decide on, and record research focus questions. 
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3. In groups, get students to discuss a basic technique for measuring light 
intensity and become familiar with using the light meter. 

4. In the same groups, have them share their ideas about an experimental 
method to answer their research question, then have them record their 
agreed methodology and draw up an associated data table. 

5. Have the students carry out their experiments, record and analyse their data, 
and make notes on any problems they experience with their methods. 

6. With the whole class, have the students discuss their findings, comparing 
similarities and differences in approach and findings. Guide the students to 
think about variables and issues that were overlooked in the initial methods 
adopted. Have them consider any further questions that need investigating. 

7. In groups again, have them modify their original methodologies to improve 
reliability, or refocus their approaches, and then carry out modified 
experiments. 

 
Reflection 
• Did the consortium find answers to the research focus question? 
• Which factors had the greatest effect on the rate of attenuation of light beams? 
• What were the similarities and differences between different group’s 

approaches? Was any one method any better than any other? 
• What did you do with data that was unexpected or which differed from other 

groups? 
• Did the modified methods give improved data? Why/why not? 
• Do you think that discussion between your research groups made it easier to 

modify your method? Why/why not? 
• How do you think professional scientists facilitate this type of collaboration and 

sharing? What happens at science conventions, conferences, and symposia? 
• Do you think scientists modify their experimental methods while they 

investigate things? If they change their minds part way through an 
experiment, how does this affect their results and how do they report their 
findings? What is the place of trialling in experimental design? 

• What potential applications can you suggest for the type of information 
being obtained? For example, attenuation of laser beams through fibre 
optical cables, the range of navigation lights in seaports and landing lights at 
airports, or the effective range of diving flood lights through turbid water. 

 
Self Assessment Exercise 
Q.1 Select a topic from science area, plan an activity which promote nature of 

science. 
Q.2. Evaluate whether books of our science curriculum at elementary level 

contains activities which has focus on nature of science education? 
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1.5  SCIENTIFIC METHOD 
 
The process of observing, asking questions, and seeking answers through tests 
and experiments is not unique to any one field of science.  In fact, the scientific 
method is applied broadly in science, across many different fields. 
Many empirical sciences, especially the social sciences, use mathematical tools 
borrowed from probability theory and statistics, together with outgrowths of 
these, such as decision theory, game theory, utility theory, and operations 
research. Philosophers of science have addressed general methodological 
problems, such as the nature of scientific explanation and the justification 
of induction. 
 
The scientific method is critical to the development of scientific theories, which 
explain empirical (experiential) laws in a scientifically rational manner. In a 
typical application of the scientific method, a researcher develops a hypothesis, 
tests it through various means, and then modifies the hypothesis on the basis of 
the outcome of the tests and experiments. The modified hypothesis is then 
retested, further modified, and tested again, until it becomes consistent with 
observed phenomena and testing outcomes. In this way, hypotheses serve as tools 
by which scientists gather data. From that data and the many different scientific 
investigations undertaken to explore hypotheses, scientists are able to develop 
broad general explanations, or scientific theories. 
 
The scientific method is a process for experimentation that is used to explore 
observations and answer questions. Does this mean all scientists 
follow exactly this process? No. Some areas of science can be more easily tested 
than others. For example, scientists studying how stars change as they age or how 
dinosaurs digested their food cannot fast-forward a star's life by a million years or 
run medical exams on feeding dinosaurs to test their hypotheses. When direct 
experimentation is not possible, scientists modify the scientific method. In fact, 
there are probably as many versions of the scientific method as there are 
scientists! But even when modified, the goal remains the same: to discover cause 
and effect relationships by asking questions, carefully gathering and examining 
the evidence, and seeing if all the available information can be combined in to a 
logical answer. 
 
Even though we show the scientific method as a series of steps, keep in mind that 
new information or thinking might cause a scientist to back up and repeat steps at 
any point during the process. A process like the scientific method that involves 
such backing up and repeating is called an iterative process. 
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Whether you are doing a science fair project, a classroom science activity, 
independent research, or any other hands-on science inquiry understanding the 
steps of the scientific method will help you focus your scientific question and 
work through your observations and data to answer the question as well as 
possible. 
 
Hence scientific method is a systematic way of gathering data, interpreting data, 
and finding the solution of the problem from that data.It is systematic because 
scientist has to follow certain steps: 
 

 
 
Ask a Question: The scientific method starts when you ask a question about something 
that you observe: How, What, When, Who, Which, Why, or Where? 
 
For a science fair project some teachers require that the question be something you can 
measure, preferably with a number 
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Do Background Research: Rather than starting from scratch in putting together a plan 
for answering your question, you want to be a savvy scientist using library and Internet 
research to help you find the best way to do things and insure that you don't repeat 
mistakes from the past. 
 
Construct a Hypothesis: A hypothesis is an educated guess about how things work. It is 
an attempt to answer your question with an explanation that can be tested. A good 
hypothesis allows you to then make a prediction: 
"If _____ [I do this] _____, then _____[this]_____ will happen." 
State both your hypothesis and the resulting prediction you will be testing. Predictions 
must be easy to measure 
 
Test Your Hypothesis by Doing an Experiment: Your experiment tests whether your 
prediction is accurate and thus your hypothesis is supported or not. It is important for 
your experiment to be a fair test. You conduct a fair test by making sure that you change 
only one factor at a time while keeping all other conditions the same. 
 
You should also repeat your experiments several times to make sure that the first results 
weren't just an accident 
 
Analyze Your Data and Draw a Conclusion: Once your experiment is complete, you 
collect your measurements and analyze them to see if they support your hypothesis or not. 
 
Scientists often find that their predictions were not accurate and their hypothesis was not 
supported, and in such cases they will communicate the results of their experiment and 
then go back and construct a new hypothesis and prediction based on the information 
they learned during their experiment. This starts much of the process of the scientific 
method over again. Even if they find that their hypothesis was supported, they may want 
to test it again in a new way 
 
Communicate Your Results: To complete your science fair project you will 
communicate your results to others in a final report and/or a display board. 
Professional scientists do almost exactly the same thing by publishing their final 
report in a scientific journal or by presenting their results on a poster or during a 
talk at a scientific meeting. In a science fair, judges are interested in your findings 
regardless of whether or not they support your original hypothesis 
 
1.6 ETHICS OF SCIENCE TEACHING 
 
Let us first of all see what does ethics means. According to business dictionary; 
the basic concepts and fundamental principles of decent human conduct. It 
includes study of universal values such as the essential equality of all men and 
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women, human or natural rights, obedience to the law of society, concern of 
health and safety and increasingly, for natural environment.  
 
Further nature of ethics shows that ethics of science is a branch of philosophy 
concerned with how we should decide what is morally right. In science teaching 
there are lot of things without knowing its effects. We all teachers and students 
moral decisions every day on teaching learning and assessment matters about 
what is the right thing to do, and we may give a lot of thinking process, no 
thought process or little thought process is undertaken.  
 
Researches shows that ethics is an intrinsic part of science. There is a huge 
literature on ethical aspects of science teaching, particularly in the subject of 
biology, called bioethics. For example in biology there are certain ways of dealing 
with animals and plants. An animal has to be dissected at all but the way that it 
should not be treated harshly or after dissection what should be the treatment of 
that particular animal. This leads to the treatment of medical practioners during 
surgery. 
 
In science education there are lot of activities in science doing ranging from 
classroom to science laboratory, School to home , interclass and intra class 
activities from preparations to examinations and results. At each step teacher and 
students encounter such situations where they can tell a lie, cheat and hide the 
facts. Only those can explain the situation clearly who have learnt the ethics of 
describing the situation.  
 
Ethical Principles  
There  is a large number of possible intrinsic ethical  principles and because these are 
normally concerned with rights and obligations of various kinds, and this approach is 
often called deontological. The most important of them are autonomy and justice. 
The principle of autonomy aims at making ones own decisions on information and 
put them into effect. Commonly principle of autonomy is the reason why people 
should be provided with access to relevant information, for example before 
consenting to a medical procedure or embarking on a research degree. 
 
Autonomy is concerned with the respect due to individuals. Justice is more 
broader. Justice is about fair treatment and the fair distribution of resources . For 
examples, some people accept that an unequal distribution of certain resources 
(Educational Opportunities) may be fair provided certain criteria are satisfied.  
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Key Points 
1. The process of doing science is the science process skills that scientists use 

in the process of doing science. 
2. American Association for Advancement of Science (AAAS) developed a list 

of thirteen science process skills. 
3. Process skills have been classified into two groups; basic and integrated 

process skills. The basic (simpler) process skills provide a foundation for 
learning the integrated (more complex) skills. 

4. There are six basic science skills: Observation, Communication, 
Classification, Measurement, Inference, and Prediction. 

5. The integrated process skills include the following skills; Using Space/Time 
relations, Defining Operationally, recognizing variables, Formulating 
Hypothesis, controlling variables, experimenting, interpreting data, and 
formulating models. 

6. scientific method is a systematic way of gathering data, interpreting data, 
and finding the solution of the problem from that data 

7. Knowledge of nature of science and ability to use science process skills is 
essential for common people to fully benefit from progress in science and 
technology and also to make safe use of products of science and technology. 

8. Teaching of nature of science and science process skills will help the 
students to have better understanding of science content. 

9. Science process skills are applicable to problem solving in real life also 
hence a proficiency in these skills is also useful for those who do not wish to 
continue higher studies in science or who do not wish to go into professions 
related to science. 

10. Scientific attitudes are the third and equally important dimension of science. 
11. Scientific attitude is reacting and acting in certain ways to solve a problem. 
12. Scientific attitudes are normally associated with the mental processes of 

scientists, hence are also referred to as habits of mind. 
13. Experts have enlisted a number of attitudes which are required or are 

conducive to scientific inquiry. 
14. Willingness to change opinion, Skepticism, Precision, Suspended judgment 

and a thirst for knowledge are few of the examples of scientific attitudes. 
15. Ethics of science is a branch of philosophy concerned with how we should 

decide what is morally right 
 
Self Assessment Exercise  
 
Q.1. Answer the following questions: 
i. Make a list of concepts from any chapter or section of the General Science 

textbook of 8th grade. Compare the facts that you enlisted with the concepts 
you have listed. What is the difference? 

ii. Identify concepts in the following statements: 
a) This reptile has a tail. 
b) All living things are made of cells 
c) Things fall due to gravity. 
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d) Mass of the ball is 2Kg. 
iii. Can we categorize the following as concepts? If yes Why? 
 Table, Cutlery, Ball, Bread, Fruits. 
iv. Explain in your own words what you understand by “Science as product and 

science as process”. 
v. Give three reasons for which teaching science contents as well as processes 

is important? 
vi. What is the difference between hypothesis and concept? 
vii. What is a theory? Give some examples of scientific theory. 
viii. What is the difference between a fact and concept? 
ix. Keeping in view the processes involved in experimenting explain why 

experimenting has been categorized as an integrated science process skill? 
x. “Shamsa wishes to sow tomato seedlings. She has soil from three different 

areas and she wants to know which soil will be best for growing tomato 
plants. To find an answer to her question she potted tomato seedlings in 
three pots of the same size but having different type of the soil. Then she 
poured exactly equal amount of water in each pot and placed the three pots 
on a window sill next to each other facing sun”. 

 
Can you name the variables in this experiment? Which of these are independent 
variables which are independent variables? 
 
Q.2. Select the best answer: 
i. Which science process skill involves using your five senses to describe what 

is seen, heard, felt, smelt, and tasted? 
a) Inferring 
b) Predicting 
c) Measuring 
d) Observing 

ii. Which science process skill is an explanation of observations? 
a) Inferring 
b) Predicting 
c) Measuring 
d) Classification 

iii Which science process skill is used mostly in experiments and is in the form 
of an If……………….. then statement? It is a statement that can be proven 
as true or false. 
a) Inferring 
b) Observing 
c) Hypothesizing 
d) Communicating 

iv. Which science process skill uses numbers to describe an object? 
a) Inferring 
b) Predicting 
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c) Experimenting 
d) Measuring 

 
v. Which science process skill involves making up categories or grouping 

things together? 
a) Experimenting 
b) Measuring 
c) Classifying 
d) Analyzing Data 

vi. Which science process skill uses a test under controlled conditions? 
a) Measuring 
b) Experimenting 
c) Collecting Information 
d) Inferring 

vii. Which science process skill involves sharing ideas through talking and 
listening, drawing and labeling pictures, graphs, etc? 
a) Predicting 
b) Experimenting 
c) Measuring 
d) Communicating 

viii. Which science process skill involves guessing what might happen in the 
future? 
a) Inferring 
b) Experimenting 
c) Predicting 
d) Communicating 

ix.  “The leaves turned yellow in December”. This is an example of:  
a) Inference 
b) Observation 
c) Prediction 
d) Hypothesis 

x. “Leaves turn yellow because there is less sunlight in December”. This is an 
example of: 
a) Observation 
b) Inference 
c) Prediction 
d) Hypothesis 

xi.   “If there will be more sunlight the plants will be green again”. This is an 
example of a (n): 
a) Observation 
b) Inference 
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c) Prediction 
d) Hypothesis 

xii. “The level of moisture in the air has increased I think it is going to rain in a 
day or two”. This is an example of: 
a) Observation 
b) Inference 
c) Prediction 
d) Hypothesis 

xiii. A science teacher wants to demonstrate the lifting ability of different 
magnets to her students.  

 
She uses a variety of magnets and iron filings for the demonstration. She weighed 
different amounts of iron filings and picked them with different magnets. You 
have read about operational definition in the next. Which of the following 
definition of picking ability of magnet has been used by the teacher? The lifting 
ability of the magnet is….. 
a) The weight of iron filings picked up by the magnet. 
b) The weight of the magnet used to lift the iron filings. 
c) The shape of the magnet used to lift the iron filings 
d) The size of the magnet used in the demonstration. 
 
Q.3  Explain the following statements about the nature of science in your own 

words. 
a) Scientific knowledge is stable but yet subject to change or revision. 
b) Scientific activity is not completely free of subjectivity. 
c) Doing science is a creative activity. 

i. Suggest changes in the current methods of teaching science so that the 
learners could understand nature of science. 

ii. Why explicit reflective approach is considered more effective for 
teaching nature of science? 

iii. Do you think that science teaching methods used in our schools reflect 
true nature of science? The image of science you had in mind before 
reading this unit does it reflects three components of science? 

iv. Why explicit reflective approach is considered more effective for 
teaching nature of science? 

v. Do you think that science teaching methods used in our schools reflect 
true nature of science? The image of science you had in mind before 
reading this unit does it reflects three components of science? 
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INTRODUCTION 
 
In recent era science education has become very important discipline, and is 
becoming an essential requirement of every individual of the society. This is 
because of the aims, goals and objectives of science education. Till Every child 
has a right to get education for leading a happy and responsible life with good 
health and safe environment.  
 
Further scientific literacy, scientific attitudes, scientific thinking, critical thinking, 
logical reasoning and production of scientists. These goals can be transformed 
into reality only when science teachers and Govt. start achieving aims and goals 
from very beginning of the study.  
 
Aims ,goals and objectives is the second unit of this book where you will study 
about aims and goals of science teaching, standards, bench marks and student 
learning outcomes, Taxonomy of educational objectives, writing objective of 
science teaching, and instructional objectives etc.  
 

OBJECTIVES 
 
After completion of this unit you will be able to: 
• Differentiate between aims, goals and objectives 
• Define and tell what are standards, benchmarks and Student Learning 

Outcomes. 
• What is the role of SOLO,s Taxanomy of educational objectives 
• Write objectives for science teaching 
• Find the importance of instructional objectives for science teaching. 
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2.1 AIMS, GOALS, AND OBJECTIVES OF SCIENCE TEACHING  
 
In order for you to select, prepare and provide meaningful science learning 
activities for your students, you must be responsible for planning on a long-range 
and short-range basis. The eventual achievement by your students of science 
understandings, processes, skills, and attitudes depends on how well you spell out 
these long-term, daily, individual lesson expectations. 
 
Let’s look now at the roles that aims, goals, and objectives can play in your 
science teaching. You will see how to understand what they are, where you can 
find them, and how you can personalize them for your particular science teaching 
needs. This will keep you from starting from scratch the wheel each time you plan 
for teaching science. 
 
2.1.1 Aims; High Hopes for Teaching Science 
 
Aims are the highest expectations or general purposes you have for yourself, your 
students, your schools and your community. They often are very broad and 
philosophical and may never be fully achieved. Aims tend to ask such broad 
questions as: 
 
What are the purposes of the public schools and science education? 
 
How should be the ways children develop and learn influence what and how we 
teach in science? 
 
How you answer these broad questions and others like them help shape you view 
science teaching. They are your Philosophy of science teaching, or your aims. 
 
Because these aims are so broad, some may take more time to achieve than the 
years you have the children in your elementary school. This is evidenced by the 
broad “desired states” or aims of science education from the National Science 
Teachers associations project synthesis: 
 
1. Science can help children to meet their personal needs, help them maintain 

healthy bodies make “smart” consumer decisions and use a variety of skills 
to gather knowledge for personal use. 

2. Science can help children to become informed citizens prepared to deal 
responsibility with social issues prepared to vote intelligently on science 
related concerns such as energy and the environment, to participate in 
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responsible community action, and to recognize that solving one problem 
can create new problems. 

3. Science can provide children with the opportunity to learn scientific ideas, 
and processes from a wide variety of interesting topics selected from the 
life, physical and earth sciences. It can help them develop skills in gathering, 
categorizing, quantifying and interpreting information. 

4. Finally, science can help children to make informed decisions about their 
careers related to science and technology help them get a “feel” for jobs in 
these fields, become familiar with qualifications for entry and recognize the 
role of scientific and technological careers in society. 

 
You may find aims for your science teaching in publications from national 
science teacher organization (i.e. NSTA, AAAS etc.), your state education 
department, your school, or a science text book. They can provide you with a 
broad, general direction for your science teaching. After that beginning, you will 
need to make your planning more specifically geared to your philosophy, 
philosophy of the school and community where you teach, and especially to 
interests, needs and abilities of the students you have in your classroom. More 
specific goals and objectives will help you meet these criteria.  
 
2.1.2 Goals: Can Your Students achieve them this year? 
 
Two of the criteria for identifying and using goals in your science teaching should 
be the answer to this question: 
 
What attainable outcomes do I want my students to accomplish by the end of this 
year? 
 
In answering this question, and contrasting it with the purposes of aims, you see 
that goals have these distinct characteristics: 
1. Although goals are somewhat long-range they have a shorter, definitive 

timeframe or target date for being accomplished. 
2. Goal are more specific than aims. 
3. Children can accomplish the goals within their developmental levels. 
4. Usually, goals originate with local schools and teachers rather than on the 

national or state levels. 
5. Goals may be stated as either the teacher’s expectations or what is expected 

in the student’s behaviors. 
6. Because they are more specific, goal can be evaluated, making local schools 

and individual teachers more accountable for specific learnings by 
predetermined target times. 
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Contrast the goal characteristics just mentioned with the very broad, general aims 
of Project synthesis at the beginning of this chapter. Now look at the goals, given 
in the accompanying box that Project Synthesis identified. Notice that they are 
more specific, described in expected student behaviors, and is attainable within a 
reasonable teaching learning timeframe. 
 
2.1.3 How can goals help me in my science teaching? 
Since you probably teach many subjects besides science, you may well ask,” How 
can I use the four major goal areas in my teaching”? You may not use all or any 
of them, but every time you select anything for your students to learn, you are 
setting goals. These goals give the direction for your teaching aspirants. Having 
goals also helps you evaluate the extent to which your students have achieved 
these goals. 
 
Goals also help to articulate your science program to your students, to their 
parents and to your colleagues and school administrators. In addition, having 
written goals help a substitute teacher prepare good science lessons should be 
absent.   
 
Some teachers send goal statements home to parents when they seek materials or 
assistance, such as one of the goals, I have for your children this year is to plan, 
shop for, cook, serve and clean up for several meals using what they have learned 
about good nutrition and consumer education. Below is a schedule of times when 
we could use your help and also some items we may need. 
 
Where can I get ideas for science goals?  
 
If you are a beginning school teacher, your school science curriculum will be a 
good place to start for finding ready-made science goals. I you are more 
experienced, you may write your own science goals. You could survey your 
students, parents and school colleagues and principal to get additional ideas about 
science education goals. 
 
After doing some of this research, select five or six goal that seem you to be more 
desirable. How can you do this? Pick those most applicable to your particular 
students and what you want for them. You will be the only one who has enough 
information about your students to define the precise goals prescribed for their 
needs, levels of maturation and interests, as well as for their cultural and social 
environment. 
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2.1.4 Goals of science education  
 
As you found in the introductory activity, there are many goals of science 
teaching. But by using the simple criteria listed below most goals can be 
summarized into few categories.  
 
The goals should be comprehensive enough to include the generally accepted 

aims and objectives of science. 
• The goals should be understandable for other teachers administrators and 

parents. 
• The goals should be natural; that is, free of bias and not oriented toward any 

particular view of science teaching. 
• The goals should be few in number. 
• The goals should be differ conceptually from each other. 
 
Using these criteria the following goals of science education have been 
identified,scientificknowledge,scientificmethods,socialissues,personal needs and 
career awareness. You probably recognize many of the goals in the introductory 
activity as relating to these categories certainly many objectives can be deduced 
from these goals and at any one time, they are not equally important. Still, they 
have been the goals underlying science curriculum and instruction. 
 
Scientific Knowledge 
1. There is a body of knowledge concerning biological and physical systems. 

For over 200 years our programmes have aimed towards informing students 
about these natural systems. This goals has been and will no doubt continue 
to be one of great importance for science teachers. Stated formally this goal 
is; science education should develop a fundamental understanding of natural 
systems. 

2. Scientific methods: A second goal has been the use of methods of scientific 
investigation. Description of the goals have changed; for example, the term 
inquiry and discovery have been used to describe scientific methods but the 
goal itself has remained unchanged. 

3. Social Issues: Science education exists in society and should contribute to 
maintenance and development of the cultured. This goal is especially 
important when there are social issues that are directly related to science. 
This goal is: Science education should prepare citizens to make responsible 
decisions concerning science related social issues. 

4. Personal needs: All individuals have needs that are related to their own 
biological systems. Briefly stated this goals is: science education should 
contribute to an understanding and fulfillment of personal needs, thus 
contributing the personal development. 

5. Career awareness: Scientific research, development and application 
continue through the work of individuals within science and technology and 
through the support of those not directly involved in scientific work. 
Therefore, one important goal has been: science education should inform 
students about careers in the science. 
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Connection (aim-goal-objective) 
 
• Aims, goals and objectives are linked because all three concern future 

intentions and all three must be set in motion if plans are to have a realistic 
chance of succeeding. Someone who sets a goal is unlikely to carry it out if 
he/she doesn't plan and implement the necessary practical objectives that 
will help her to achieve her goal. 

• The intent of aims, goals and objectives differ, but it must be remembered 
that congruence (similarity, correspondence) must be establish between 
them if education is to be meaningful.  

• Remember to use different levels of objectives and domains of learning to 
enhance your curriculum. 

 
Key Points 
• Aims are the broad general statements reflecting the ultimate ends towards 

which the whole education system is going on. 
• Aims are expression of purpose at highest level i.e. the expected life 

outcomes. 
• Goals are expression of purposes specified for achievement at each level of 

education.  
• Goals are clear statements of intent and are more specific than aims. 
• Objectives are specific outcomes of instruction. 
• Aims, goals and objectives are interlinked because all three concern future 

intentions. 
• If education is to be meaningful then aims, goals, and objectives must 

correspond one another.   
 
Self Assessment Exercise 
A. Choose the best. 
 
1. The aims are at the:  
 (a) National level  (b) elementary/secondary/higher level (c) classroom level   

(d) none of a,b,c 
2.  the goals are at the: 
 (a) National level  (b) elementary/secondary/higher level (c) classroom level   

(d) none of a,b,c 
3.  the objectives are at the:  
 (a) National level  (b) elementary/secondary/higher level (c) classroom level   

(d) none of a,b,c 
 
2.2  AMERICAN SYSTEM OF EDUCATION 
 
In this scientific and technological era with products of scientific inquiry, 
scientific literacy has become a necessary for all. For making choices that arise 
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every day scientific information are required. Scientific liter racy is of great 
importance for workplace, more and more jobs require that people may be able to 
learn, think creatively, make decisions and solve problems. An understanding of 
science and the processes of science help develop these skills and abilities. It is 
becoming evident for the whole world to invest heavily for creating scientifically 
and technically workforce to meet the global requirements. 
 
The national Science education Standards give a vision of a scientifically literate 
people. They outline what students need to know, understand, and be able to do to 
be scientifically literate at different levels or classes. They describe an educational 
system in which all science students demonstrate high level of performance, in 
which educators are empowered to make essential decisions for effective learning. 
 
These standards are nationally determined and given in the curriculum documents. 
Basically system of standards was needed to meet certain criteria which would be 
accepted internally accepted. The standards are represented in statements which are 
equally useable for all students of certain age and intellect level.  
 
The standards apply to all students, regardless of age, culture, abilities, 
aspirations, interests, motivation and ethnic background. Standards give 
challenging opportunities to students to learn science. For achievement of 
standards, students need skilled teachers, conducive classroom environment, and 
resources. Americans are best in providing support for achievement of standards.  
 
The standards rest on the premise that science is an active learning process. 
Hands- on activities are not only enough, students must have Minds-on 
experiences as well. Inquiry is central for science learning, where students 
describe objects and events, ask questions, explain, and test explanations in view 
of current scientific knowledge. The students identify their assumptions, use 
critical and logical thinking, and also consider alternative explanations. Students 
get involved for understanding of science by combining scientific knowledge with 
reasoning and thinking skills. 
 
Different strategies are recommended in curriculum of science subjects, so 
teacher need to use a variety of teaching strategies to develop the understanding 
and abilities among science students. 
 
Development of standards is not the task of a single person, rather work of all 
stakeholders. Stakeholders include students, teachers, parents, Govt, and society. 
Apart from it thousand of experts are trained to review the drafts of the standards. 
That rationale, iterative process is helpful for broader consensus about the 
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elements of science education needed to require all students achieve excellence. 
As a result of continuous dialectic process between different stakeholders at all 
levels will ensure that the standards formulated are enough to meet needs of 
students, teachers and society at large. The national science standards are always 
open to review and revision. 
 
Standards are not only for students, rather they are for teachers, whole system and 
assessment as well. There are six types of standards termed as “National Science 
Education Standards”. They are developed by Americans, and are equally 
important for other parts of the world as science is not a regional enterprise.  
1.  Standards for Science Teaching.  
2.  Standards for Professional Development for Science Teachers 
3.  Standards for Science Content 
4.  Standards for Science Education. 
5.  Standards for Assessment in science education 
6.  Standards for Science Education Systems 
 
For the vision and philosophy of science education given in the standards to come 
up with , all six types of standards need to be implemented in true spirit. 
Standards documents is helpful for all types of stakeholders like, teachers may 
read standards for teaching, content and assessment. Administrators may read 
standards of science education and systems of science education and vice versa. 
 
2.2 (a) Science Teaching Standards 
 
The science teaching standards tell what science teachers of all levels should 
know and be able to do; they are six types. 
1. Planning of inquiry based science programs. 
2. Act to guide and facilitate the science students 
3. Assess the learning of students and teaching of teachers. 
4. Develop and create learning environments for learning of science. 
5. Create communities for science learners. 
6. Plan and develop school science programs. 
 
Effective science teaching is the core of science edition, that’s why science 
teaching standards are described first. Expert teachers enhance active science 
learning by using all possible techniques for expanding theoretical knowledge and 
practical skills. Teacher also needs support and assistance from other educational 
systems and departments to achieve objectives embedded in the standards.  
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2.2 (b) Professional Development Standards 
 
There is a huge difference between trained and non-trained teacher. Professional 
development make the teachers more skillful and raises their knowledge towards 
need based areas. 
The focus of Professional development is in the following areas. 
1. Use inquiry method of learning. 
2. Integrate the knowledge of science with the knowledge of pedagogy, 

students and learning. 
3. Understand and develop ability for lifelong learning 
4. Integrate professional development programs. 
 
As envisioned by the standards, teachers partake in development experiences 
appropriate to their status as professionals. Beginning with preserves experiences 
and continuing as an integral part of teachers' professional practice, teachers have 
opportunities to work with master educators and reflect on teaching practice. They 
learn how students with diverse interests, abilities, and experiences make sense of 
scientific ideas and what a teacher does to support and guide all students. They 
study and engage in research on science teaching and learning, regularly sharing 
with colleagues what they have learned. They become students of the discipline of 
teaching. 
 
Reforming science education requires substantive changes in how science is 
taught, which requires equally substantive change in professional development 
practices at all levels. Prospective and practicing teachers need opportunities to 
become both sources of their own growth and supporters of the growth of others. 
They should be provided with opportunities to develop theoretical and practical 
understanding and ability, not just technical proficiencies. Professional 
development activities need to be clearly and appropriately connected to teachers' 
work in the context of the school. In this way, teachers gain the knowledge, 
understanding, and ability to implement the Standards. 
 
2.2 (c) Assessment Standards 
The assessment standards provide criteria against which to judge the quality of 
assessment practices. They cover five areas: 
1. The consistency of assessments with the decisions they are designed to 

inform. 
2. The assessment of both achievement and opportunity to learn science. 
3. The match between the technical quality of the data collected and the 

consequences of the actions taken on the basis of those data. 
4. The fairness of assessment practices. 
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5. The soundness of inferences made from assessments about student 
achievement and opportunity to learn. 

 
In the vision described by the Standards, assessments are the primary feedback 
mechanism in the science education system. They provide students with feedback 
on how well they are meeting expectations, teachers with feedback on how well 
their students are learning, school districts with feedback on the effectiveness of 
their teachers and programs, and policy makers with feedback on how well 
policies are working. This feedback in turn stimulates changes in policy, guides 
the professional development of teachers, and encourages students to improve 
their understanding of science. 
 
Ideas about assessments have undergone important changes in recent years. In the 
new view, assessment and learning are two sides of the same coin. Assessments 
provide an operational definition of standards, in that they define in measurable 
terms what teachers should teach and students should learn. When students 
engage in assessments, they should learn from those assessments. 
 
Furthermore, assessments have become more sophisticated and varied as they 
have focused on higher-order skills. Rather than simply checking whether 
students have memorized certain items of information, new assessments probe for 
students understanding, reasoning, and use of that knowledge—the skills that are 
developed through inquiry. A particular challenge to teachers is to communicate 
to parents and policy makers the advantages of new assessment methods. 
 
Assessments can be done in many different ways. Besides conventional paper and 
pencil tests, assessments might include performances, portfolios, interviews, 
investigative reports, or written essays. They need to be developmentally 
appropriate, set in contexts familiar to students, and as free from bias as possible. 
At the district, state, and national levels, assessments need to involve teachers in 
their design and administration, have well-thought-out goals, and reach 
representative groups to avoid sampling bias. 
 
Assessments also need to measure the opportunity of students to learn science. 
Such assessments might measure teachers' professional knowledge, the time 
available to teach science, and the resources available to students. Although 
difficult, such evaluations are a critical part of the Standards. 
 
2.2 (d) Science Content Standards 
The science content standards outline what students should know, understand, and 
be able to do in the natural sciences over the course of K-12 education. They are 
divided into eight categories: 
Unifying concepts and processes in science. 
1. Science as inquiry. 
2. Physical science. 
3. Life science. 
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4. Earth and space science. 
5. Science and technology. 
6. Science in personal and social perspective. 
7. History and nature of science. 
 
The first category is presented for all grade levels, because the understandings and 
abilities associated with these concepts need to be developed throughout a 
student's educational experiences. The other seven categories are clustered for 
grade levels K-4, 5–8, and 9–12. 
 
Each content standard states that as a result of activities provided for all students 
in those grade levels, the content of the standard is to be understood or certain 
abilities are to be developed. The standards refer to broad areas of content, such as 
objects in the sky, the interdependence of organisms, or the nature of scientific 
knowledge. Following each standard is a discussion of how students can learn that 
material, but these discussions are illustrative, not proscriptive. Similarly, the 
discussion of each standard concludes with a guide to the fundamental ideas that 
underlie that standard, but these ideas are designed to be illustrative of the 
standard, not part of the standard itself. 
 
Because each content standard subsumes the knowledge and skills of other 
standards, they are designed to be used as a whole. Although material can be 
added to the content standards, using only a subset of the standards will leave 
gaps in the scientific literacy expected of students. 
 
2.2 (e) Science Education Program Standards 
 
The science education program standards describe the conditions necessary for 
quality school science programs. They focus on six areas: 
1. The consistency of the science program with the other standards and across 

grade levels. 
2. The inclusion of all content standards in a variety of curricula that are 

developmentally appropriate, interesting, relevant to student's lives, 
organized around inquiry, and connected with other school subjects. 

3. The coordination of the science program with mathematics education. 
4. The provision of appropriate and sufficient resources to all students. 
5. The provision of equitable opportunities for all students to learn the 

standards. 
6. The developments of communities that encourage, support, and sustain 

teachers. 

45 



Program standards deal with issues at the school and district level that relate to 
opportunities for students to learn and opportunities for teachers to teach science. 
The first three standards address individuals and groups responsible for the 
design, development, selection, and adaptation of science programs—including 
teachers, curriculum directors, administrators, publishers, and school committees. 
The last three standards describe the conditions necessary if science programs are 
to provide appropriate opportunities for all students to learn science. 
 
Each school and district must translate the National Science Education 
Standards into a program that reflects local contexts and policies. The program 
standards discuss the planning and actions needed to provide comprehensive and 
coordinated experiences for all students across all grade levels. This can be done 
in many ways, because the Standards do not dictate the order, organization, or 
framework for science programs. 
 
2.2 (f) Science Education System Standards 
 
The science education system standards consist of criteria for judging the 
performance of the overall science education system. They consider seven areas: 
1. The congruency of policies that influence science education with the 

teaching, professional development, assessment, content, and program 
standards. 

2. The coordination of science education policies within and across agencies, 
institutions, and organizations. 

3. The continuity of science education policies over time. 
4. The provision of resources to support science education policies. 
5. The equity embodied in science education policies. 
6. The possible unanticipated effects of policies on science education. 
7. The responsibility of individuals to achieve the new vision of science 

education portrayed in the standards. 
 
Schools are part of hierarchical systems that include school districts, state school 
systems, and the national education system. Schools also are part of communities 
that contain organizations that influence science education, including colleges and 
universities, nature centers, parks and museums, businesses, laboratories, 
community organizations, and various media. 
 
Although the school is the central institution for public education, all parts of the 
extended system have a responsibility for improving science literacy. For 
example, functions generally decided at the state (but sometimes at the local) 
level include the content of the school science curriculum, the characteristics of 
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the science program, the nature of science teaching, and assessment practices. 
These policies need to be consistent with the vision of science education 
described in the Standards for the vision as a whole to be realized. 
 
Today, different parts of the education system often work at cross purposes, 
resulting in waste and conflict. Only when most individuals and organizations 
share a common vision can we expect true excellence in science education to be 
achieved. 
 
2.2 (g) Toward the Future 
Implementing the National Science Education Standards is a large and significant 
process that will extend over many years. But through the combined and 
continued support of all Americans, it can be achieved. Change will occur locally, 
and differences in individuals, schools, and communities will produce different 
pathways to reform, different rates of progress, and different final emphases. 
Nevertheless, with the common vision of the Standards, we can expect deliberate 
movement over time, leading to reform that is pervasive and permanent. 
No one group can implement the Standards. The challenge extends to everyone 
within the education system, including, teachers, administrators, science teacher 
educators, curriculum designers, assessment specialists, local school boards, state 
departments of education, and the federal government. It also extends to all those 
outside the system who have an influence on science education, including 
students, parents, scientists, engineers, business people, taxpayers, legislators, and 
other public officials. All of these individuals have unique and complementary 
roles to play in improving the education that we provide to our children. 
Efforts to achieve the vision of science education set forth in the Standards will be 
time-consuming, expensive, and sometimes uncomfortable. They also will be 
exhilarating and deeply rewarding. Above all, the great potential benefit to 
students requires that we act now. There is no more important task before us as a 
nation. 
 
2.2.1 Bench marks and Students Learning Outcomes 
 
Benchmarks 
Benchmarks are the sub- level standards of science which require less time to be 
achieved. For example each class level or grade level is considered as one bench 
mark. Benchmarking in education occurs when measurable standards are set for 
learning. For example, benchmarks might be set for the concepts that must be 
mastered in each grade. They might also be used to see where a particular student, 
class, or even school ranks in comparison to others. 
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In education, benchmark refers to an assortment of evaluation tests administered 
throughout the school year in order to find out whether or not students are 
meeting specified academic standards. Benchmarking is instrumental in 
measuring students’ academic growth and in designing custom curriculum to 
reach each student's learning needs. 
 
There are three types of benchmark assessments in a school setting. These are 
vertical teams, horizontal teams and common benchmark evaluations. The first 
one is administered within one subject area to measure consistency between 
different grade levels. Horizontal teams evaluation is applied to ensure 
consistency between all members of a certain classroom taking a given subject. 
The last type of assessment is administered to all students in the same grade level 
and course. Benchmark assessments are used to measure proficiency in areas such 
as writing, oral reports and even mathematics. 
 
Benchmarks are the statements that identify the outcomes of students what they 
are expected to know, be able to do, and value by the end of, for example, Grades 
V,VIII,X,XII as a result of their Grade-wise cumulative learning experiences. 
 
Benchmarks, also, represent what is intended or what learning outcome is 
expected from students at the end of grade-cluster. At the end of a particular key-
stage or grade-cluster majority of the students will have fully achieved the 
intended Benchmarks while other may not. 
 
In this curriculum, two sets of benchmarks have been selected. First, the 
benchmarks for the grade-cluster IV-V, - What learning outcomes will be 
expected from all students at the end of grade-V in the six learning strands (i.e. 
life science, physical science, earth and space science, skills, attitude and STSE. 
While the second set of benchmarks for the grade-cluster VI-VIII, - What learning 
outcomes will be expected from all students at the end of grade-VIII in the six 
learning strands (i.e. life science, physical science, earth and space science, skills, 
attitude and STSE.  
 
These Benchmarks are intended for all students. However, it is acknowledged that 
different students will achieve these benchmarks in different ways and to different 
depth and breadth depending on interest, ability and context. 
 
Also at the same time, the selected benchmarks will present opportunities and 
challenges for teachers to be able to help their students in achieving the desired 
learning outcomes at the end of Grade V and Grade VIII. 
 

48 



2.2.2 Student Learning Outcomes 
What are Student Learning Outcomes? Learning outcomes are statements of the 
knowledge, skills and abilities individual students should possess and can 
demonstrate upon completion of a learning experience or sequence of learning 
experiences. 
 
 Before preparing a list of learning outcomes consider the following 
recommendations: Learning outcomes should be specific and well defined. When 
developing a list of student learning outcomes, it is important that statements be 
specific and well defined. Outcomes should explain in clear and concise terms the 
specific skills students should be able to demonstrate, produce, and know as a 
result of the program’s curriculum. They should also exclude the greatest number 
of possible alternatives so that they can be measured. For example, the learning 
outcome “Students completing the BS in Chemistry should be well practiced in 
the relevant skills of the field” is too vague. In this example, we do not know what 
the relevant skills of the field of chemistry include. This will create problems in 
measuring the behavior of interest and drawing valid conclusions about the 
program’s success. 
 
Learning outcomes should be realistic. It is important to make sure that 
outcomes are attainable. Outcomes need to be reviewed in light of students’ 
ability, developmental levels, their initial skill sets, and the time available to attain 
these skill sets ( i. e, 4 years). They should also be in line with what is being 
taught. 
 
Learning outcomes should rely on active verbs in the future tense. It is 
important that outcomes be stated in the future tense in terms of what students 
should be able to do as a result of instruction. For example, the learning outcome 
“Students have demonstrated proficiency in…” is stated in terms of students’ 
actual performance instead of what they will be able to accomplish upon 
completion of the program. Learning outcomes should also be active and 
observable so that they can be measured. For example, outcomes like “Students 
will develop an appreciation of, and will be exposed to…” are latent terms that 
will be difficult to quantify. What does it mean to have an appreciation for 
something, or to be exposed to something? 
 
There should be a sufficient number of learning outcomes. You should include 
between three to five learning outcomes in your assessment plan. Fewer than 
three will not give you adequate information to make improvements, more than 
five may be too complicated to assess. It is important to note that not all programs 
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will assess all learning outcomes in all classes. The program may choose to focus 
on one or two per class. 
 
2.2.3 Writing Students Learning Outcomes 
 
Considering Taxonomies  
Taxonomies of educational objectives can be consulted as useful guides for 
developing a comprehensive list of student outcomes. Taxonomies attempt to 
identify and classify all different types of learning. Their structure usually 
attempts to divide learning into thee types of domains (cognitive, affective, and 
behavioral) and then defines the level of performance for each domain. Cognitive 
outcomes describe what students should know. Affective outcomes describe what 
students should think. Behavioral outcomes describe what students should be able 
to perform or do. (Adapted from OAPA Handbook PROGRAM-Based Review 
and Assessment. UMass Amherst) Bloom’s Taxonomy of Educational Objectives 
(1956) is one traditional framework for structuring learning outcomes. Levels of 
performance for Bloom’s cognitive domain include knowledge, comprehension, 
application, analysis, synthesis, and evaluation. These categories are arranged in 
ascending order of cognitive complexity where evaluation represents the highest 
level. The table below presents a description of the levels of performance for 
Bloom’s cognitive domain. 
 
Using Power Verbs  
When composing learning outcomes, it is important to rely on concrete action 
verbs that specify a terminal, observable, and successful performance as opposed 
to passive verbs that are not observable. For example, the statements “be exposed 
to,” “be familiar with,” and “develop an appreciation of,” are not observable and 
would be difficult to quantify. The table below provides a list of common active 
verbs for each of Bloom’s performance levels. 
 
Sample Learning Outcomes 
 
Physical and Biological Sciences:  
1. Students will be able to demonstrate an understanding of core knowledge in 

biochemistry and molecular biology.  
2. Students will be able to apply critical thinking and analytical skills to solve 

scientific data sets.  
3. Students will be able to apply the scientific method to solve problems.  
4. Students will be able to demonstrate written, visual, and/or oral presentation 

skills to communicate scientific knowledge. 
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5.  Students will be able to acquire and synthesize scientific information from a 
variety of sources. Students will be able to apply techniques and 
instrumentation to solve problems.  

 
Mathematics:  
1. Students will be able to translate problems for treatment within a symbolic 

system.  
2. Students will be able to articulate the rules that govern a symbolic system.  
3. Students will be able apply algorithmic techniques to solve problems and 

obtain valid solutions.  
4. Students will be able to judge the reasonableness of obtained solutions. 
 
Activity 
Develop Student Learning Outcomes of the following topics: 
1. Solution of Matrices with the help of Crammers rule. 
2. Photosynthesis and factors affecting the process of photosynthesis. 
3. Difference between mixture and a compound. 
4. Types of motion. 
 
Key Points 
 
The aims of the teaching and study of sciences are to encourage and enable 
students to: 
• develop inquiring minds and curiosity about science and the natural world 
• acquire knowledge, conceptual understanding and skills to solve problems 

and make informed decisions in scientific and other contexts 
• develop skills of scientific inquiry to design and carry out scientific 

investigations and evaluate scientific evidence to draw conclusions 
• communicate scientific ideas, arguments and practical experiences 

accurately in a variety of ways 
• think analytically, critically and creatively to solve problems, judge 

arguments and make decisions in scientific and other contexts 
• appreciate the benefits and limitations of science and its application in 

technological developments 
• understand the international nature of science and the interdependence of 

science, technology and society, including the benefits, limitations and 
implications imposed by social, economic, political, environmental, cultural 
and ethical factors 

• demonstrate attitudes and develop values of honesty and respect for 
themselves, others, and their shared environment. 
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• to develop pupils' understanding and experience of the scientific method, to 
understand its value and limits, and to enable them to apply the method. 

• to be proficient at practical work, use of scientific equipment and 
appropriate maths. 

• to know, understand at an abstract level, and be able to apply important 
scientific theories. 

• to have a sufficiently wide knowledge of the 'facts' that science has collected 
together to be able to progress to study science subjects at A-level. 

 
Goals of Science teaching 
1. Scientific Knowledge--the knowledge of science subject matter 
2. Scientific Methods--understanding and using the methods of science 
3. Societal Issues--science literacy and relation to societal goals 
4. Personal Needs--life, work and personal skills related to science 
5. Career Awareness--science training that will be useful in future employment 
 
Properties of Science Education Goals 
• Comprehensive enough to include the generally accepted aims and 

objectives of science teaching 
• Understandable for other teachers, administrators and parents 
• Goals should be neutral, free of bias and not oriented toward any particular 

view of science teaching 
• Goals should be few in number 
• Goals should differentiate concepts and abilities 
• Easily applicable to instructional and learning objectives 
 
Self Assessment Exercise  
Q.1  Differentiate between aims and goals for science education? 
Q.2  Write aims of science education? 
Q.3  Write Goals of science education? 
 
2.3 TAXANOMY OF EDUCATIONAL OBJECTIVES (SOLO 

TAXANOMY OF EDUCATIONAL OBJECTIVES) 
 
SOLO (Structure of Observed Learning Outcomes) provides a structured 
framework for students to use to progress their thinking and learning.  It 
encourages students to think about where they are currently with their learning, 
and what they need to do in order to progress. There are five main stages: 
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Pre- Structured 
This is the first stage – where students don’t really have any knowledge or 
understanding of the topic being studied.  A student who is pre-structural will 
usually respond with ‘I don’t understand’ 
 
Uni-Structured 
Moving on from pre-structural, students who are unistructural have a limited 
knowledge of the topic – they may just know one isolated fact about the topic. So, 
a typical response might be: ‘I have some understanding of this topic’ 
 

 
 
Multistructural 
Progressing from unistructural to multi structural simply means that the student 
knows a few facts about this topic – but is unable to link them together.  So a 
typical response might be ‘I know a few things about this topic’ or ‘I have 
gathered some information about this topic’. 
 
Relational 
With relational, we are starting to move towards higher level thinking – students 
are able to link together and explain several ideas around a related topic. 
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So a typical student ‘relational response might be:‘ I can see the connections 
between the information I have gathered’ 
 
Extended Abstract 
The final and most complex level is extended abstract.  With this, not only are 
students able to link lots of related ideas together, but they can also link these to 
other bigger ideas and concepts.  So a student response at this level might sound 
like: ‘By reflecting and evaluating on my learning, I am able to look at the 
bigger picture and link lots of different ideas together’. 
 
Example from Science 
In science, students might be asked the question ‘What do you understand by the 
term respiration’. Students may then respond in the following ways: 
 Prestructural – “Err…..What?” 
 Unistructural – “It releases energy“ 
 Multistructural – “It’s a chemical reaction that releases energy, uses 

oxygen and glucose and release carbon dioxide.” 
 Relational – “It’s a reaction that takes place in all body cells.  Products of 

digestion, such as glucose, are transported to cells by the blood and reacted 
with oxygen to produce carbon dioxide – which is breathed out.  Energy is 
released.” 

 Extended abstract – “It’s a reaction that takes place in all body cells.  
Products of digestion, such as glucose, are transported to cells by the blood 
and reacted with oxygen to produce carbon dioxide – which is breathed out 
via the lungs (using gas exchange and ventilation).  As energy is released, 
respiration is an example of an exothermic reaction.  The energy that is 
released can then be used by the body for growth of new cells, repair of 
tissues and keeping warm.” 

 
Importance of SOLO 
 supports students to reflect on their own thinking 
 It helps teachers to thoughtfully shape learning intentions and learning 

experiences. 
 It makes it easy to identify and use effectives success criteria. 
 It provides feedback and feed forward with regards to learning outcomes. 
 It helps students to reflect meaningfully on what the next steps in their 

learning are. 
 The diagrams provide a simple and easy to remember staged approach for 

students, in terms of these next steps. 
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Activity: 
Select a topic from Science subjects and make a plan to teach according to SOLO 
taxanomy. 
 
2.4 WRITING OBJECTIVES FOR SCIENCE TEACHING 
 
As in section 2.1 the description of objectives have been given , here in this 
section the focus is on writing of Objectives for science teaching. Let us try to 
determine who is responsible to write the objectives of science teaching? 
Definitely the answer is science teacher. Basically objectives lie under the 
umbrella of science teaching goals. This means a science teacher has to reach the 
goals by achieving objectives. Objectives are shorter statements for the 
accomplishment of a task for bringing certain behaviour among the science 
students. The very simple and important objective of the science is whether 
students are taught some topic successfully and student has learnt that concept. 
 
There are generally two types of objectives: instructional and behavioural. 
Instructional objectives are written in a way that what teacher will teach the 
students in a particular time for what type of content delivery, and how much 
students will learn? 
 
But in behavioural objectives the statement of objectives is in behavioural form. 
For example when objectives are written in behhavioural form “after completion 
of this topic the student will be able to…” 
 
As a science teacher one can seek help while writing objectives from the 
following criteria. 
 
1. Science objectives should be general enough to be identifiably related to 

science goals and specific enough to give clear direction for planning and 
evaluating science instruction. 

2. Science objectives should be understandable for students, teachers, 
administrators and parents. 

3. Science objectives should be few in number but comprehensive for any 
lesson. 

4. Science objective should be challenging yet attainable for your students. 
5. Science objectives should differ conceptually from each other. 
6. Science objectives should be appropriate for the subject you are teaching. 
 
The role of Blooms taxanomy which is extensively used for writing educational 
objectives is given below: 
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Bloom's (1956) Taxonomy of Educational Objectives is the most renowned 
description of the levels of cognitive performance. The levels of the Taxonomy 
and examples of activities at each level are given below. The levels of this 
taxonomy are considered to be hierarchical. That is, learners must master lower 
level objectives first before they can build on them to reach higher level 
objectives. 
 
Under this taxonomy the specific objectives are classified into the following three 
domains: 
1. Cognitive domain objectives. 
2. Affective domain objectives. 
3. Psychomotor domain objectives. 
 
Cognitive Domain 
 
1. Knowledge (Remembering previously learned material) 
 Example:  State the formula for the area of a circle. 
2. Comprehension (grasping the meaning of the material 
 Example: Given the mathematical formula for the area of a circle, 

paraphrase it using your own words. 
3. Application (using knowledge in concrete situation) 
 Example:  Compute the area of actual circles. 
4. Analysis (breaking down the material into its constituent parts) 
 Example:  Given a math word problem, determine the strategies that would 

be necessary to solve it. 
5. Synthesis (putting parts together to form a new whole) 
 Example: Apply and integrate several different strategies to solve a 

mathematical problem. 
6. Evaluation (value judgment of a product for a given purpose by using 

definite criteria) 
 Example:  When you have finished solving a problem (or when a peer has 

done so) determine the degree to which that problem was solved as 
efficiently as possible. 

 
Affective Domain 
Receiving awareness, willingness to receive, selected attention 
Example: The pupils can listen/read story in the book “truth is ever green.  
 
Responding  willing responses, feelings of satisfaction 
Example: The pupil can feel pleasure to speak truth. 
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Valuing  acceptance, preference, commitment 
Example: The pupils can decide to speak truth in specific condition. 
 
Organizing  conceptualization of values, organization of a value system 
Example: The pupils can relate truth with reward in the life herein after. 
 
Characterization  reflects a generalized set of values, a philosophy of life 
Example: The pupils can adopt truth as habit. 
(Story of Abdul Qadir Jilani) 
 
Psychomotor Domain 
Reflex Movement muscle movements 
Example: The students can imitate in the given situation. 
 
Fundamental Movement  walking, running, jumping, pushing, pulling, 
manipulating 
Example:  The students can use their five senses in a given situation. 
 
Perceptual Ability kinesthetic, visual, auditory, tactile, coordination 
Example:  The students can coordinate their five senses in any situation. 
 
Physical Ability endurance, strength, flexibility, agility 
Example: The students can use and coordinate their sense to tackle a novel 
situation. 
 
Skilled Movements games, sports, dance, the art 
Example:  The students can use their ability to successfully accomplish the task. 
 
Non-discursive Communication posture, gestures, facial expressions, creative 
movement  
Example:  The students can create or invent new things. 
 
The main value of the Taxonomy is twofold: (1) it can stimulate teachers to help 
students acquire skills at all of these various levels, laying the proper foundation 
for higher levels by first assuring mastery of lower-level objectives; and (2) it 
provides a basis for developing measurement strategies to assess student 
performance at all these levels of learning 
 
This taxonomy may assist the teacher in clarifying his educational objectives and 
modifying his teaching practices so that relevant desired learning outcomes of 
learning are identified and realized. 
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Types of objectives for science teaching 
 
Objective can be stated in terms of instructional or learning results. In the first the 
emphasis is on what the teacher does; in the second it is on what the student does. 
Here are examples: which is the teaching objective and which is the learning 
objective? 
 
To demonstrate to students how to use a barometer. 
To describe the steps in the proper use of a barometer. 
 
The advantage of stating objectives as instructional results is that it gives you 
direction. The disadvantage is that you may not be clear as to whether the students 
learned anything. In general , we suggest that you concentrate on learning results 
when  informing objectives. Doing so will help define the instruction sequence 
and set the stage for evaluation. 
 
Objectives can be classified as either behavioral or non_behavioral. Behavioral 
objectives state how the student will behave as a result of instruction. The 
behaviors are an observable indication that learning has occurred. Examples of 
behavioral objectives are: 
The student should be able to: 
• Identify symbols on a weather map. 
• Describe predator and prey relationships. 
• Define the term energy. 
 
For contrast, here are some non behavioral objectives: 
The students should: 
• Learn scientific names for common animals. 
• Comprehend the concept of work. 
• Know how to use the scientific methods. 
 
All six of these examples could be objectives for science lessons and they are all 
stated in terms of learning results for students. In the first set the specific 
behaviors have been stated: if the student can identify, , , describe , , ,then she has 
learned. The second set is a little less clear as to  how you will know whether or 
not the student has learned  , , ,does comprehend , , , ,or does know. Are 
behavioral objectives better than non behavioral? Here are some advantages and 
disadvantages or behavioral objectives. 
 
Some of the advantages of behavioral objectives are: 
• They help the science teacher become more precise in her teaching. 
• They clarify exactly what is expected. 
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• The teachers plan more carefully because she knows what performance the 
students should display after finishing a science lesson, unit, or course of 
study. 

• The teacher knows what materials are needed and is able to give more 
specific help to students in directing them. 

• They provide performance criteria for student achievement and 
accountability for the teacher. 

• The science teacher who prepares behavioral objectives finds them very 
helpful in evaluation. When preparing paper and pencil tests, the questions 
can be matched to the objectives. 

 
Some disadvantages of behavioral objectives are: 
• They may tend towards emphasis on trivial behaviors and ignore important 

objectives that are too difficult to define behaviorally. 
• They may inhibit the teacher’s spontaneity and flexibility. 
• They may provide a precise measurement of less important behaviors, 

leaving mor important outcomes unevaluated. 
• They may be used against teachers who are held accountable for the 

performance of students who do not learn. 
• They tend to focus the teacher’s attention on the small, less significant 

aspects of teaching, leaving the whole picture unattended. 
• They represent only one particular psychology and philosophy of education. 
 
Activity 
Select a science subject and any one topic form that unit. Write as many objectives you 
can what teacher will teach and what students will learn in behavioral terms. 

 
Key Points 
 
• The term ‘Taxonomy’ means ‘classification’. In education it is used for 

classifying educational objectives and their inter-relation. 
• Under Bloom’s taxonomy the specific objectives are classified into: 

Cognitive domain objectives, affective domain objectives, psychomotor 
domain objectives. 

• Cognitive domain is related to knowledge, affective domain related to 
feeling/emotions/interests/attitude while psychomotor domain related to 
skills. 

• SOLO taxonomy offers a way of describing the growing complexity of a 
learner’s activity. 

• SOLO Taxonomy can be used in two ways: (1) To set learning objectives 
appropriate to where a student should be at a particular stage of their 
program. (2)To set learning objectives appropriate to where a student should 
be at a particular stage of their program. 
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Self Assessment Exercise 
1. Write the levels of each of the Domain of Blooms and SOLO Taxonomies. 

Move from HOTS (higher level thinking skills) to LOTS (lower order 
thinking skills) 
 

Bloom’s Taxonomy SOLO Taxonomy 
Cognitive domain Affective domain Psychomotor 

domain 
 

HOTS    
    
    
    
    
LOTS    

 
2.  Fill in the blanks. 
1. The lowest level of cognitive domain is……………. 
2. The highest level of affective domain is……………. 
3. The lowest level of psychomotor domain is……………. and highest level is 

……………. 
4. SOLO stands for……………………….. 
5. The number of levels of SOLO Taxonomy is ………………… 
 
Answer these questions in detail. 
1.  Discuss the taxonomy of educational objectives of cognitive, affective and 

psychomotor domain as given by B.S.Bloom and his associates. 
 
2.5  NATIONAL AIMS, GOALS OF SCIENCE TEACHING  
 
Please see section 2.1or Policy Documents 
 
2.6  CONTRIBUTION OF SCIENCE TEACHING IN ACHIEVEMENT 

OF NATIONAL GOALS 
 
Science teachers are agents who are responsible to transform the national written 
goals into reality. With the emergence of national standards for teachers , the role 
of teachers and particularly science teachers is becoming more evident. For better 
achievement of national goals Govt. is trying to empower the teachers by 
providing continuous professional development programmes, e.g every year a 
number of training programmes are hold by the training departments of FDE and 
district headquarters. As a result teacher get motivation by these trainings and try 
to deploy maximum resources and strategies to achieve national goals.  
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2.7 INSTRUCTIONAL OBJECTIVES OF SCIENCE TEACHING 
 
By observing the traditional teaching strategies for science teaching , teachers 
focus on the objectives like “ what I am going to teach tomorrow class?” How I 
should manage the class for maximum achievement of instructional objectives? 
what different strategies will be used ? are some question form objectives. These 
statements declare that the teacher was the centre of teaching . All the objectives 
which are prepared by the science teachers are called instructional objectives. 
 
Instructional objectives are getting less privilege due to paradigm shift from 
teacher centered instruction to student centered learning. There was less focus on 
the behavioural changes among the students. Apart from this discussion the 
instructional objectives are equally important as teacher make him/herself 
accountable about teaching and learning process. 
 
Instructional objectives help teachers in the following ways: 
1. Teachers is the prime in teaching learning process. 
2. They enable the teachers to mobilize the resources in a better way. 
3. Assessment is likely aligned with the teachers teaching. 
4. Time management is estimated properly. 
5. Students has to follow the teachers teaching, hence moulding themselves 

accordingly. 
 
Self Assessment Exercise 
 
a. Fill in the blanks. 
1. The elementary school science curriculum is a shift from traditional 

approach to ……………. 
2. The student role in traditional approach is ……………. 
3. The student role in inquiry based approach is ……………. 
4. The teacher role in traditional approach is ……………. 
5. The teacher role in inquiry based approach is ……………. 
 
b. Answer the question in detail. 
1.  What are the aims of elementary science curriculum? 
2.   Enlist the objectives of elementary science curriculum 2006. 
3.  How you find the National Curriculum 2006 different from the National 

Curriculum. 
4.  Differentiate standards, benchmarks and students learning outcomes. 
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INTRODUCTION 
 
Models of teaching in science are designed to impart theoretical as well as 
practical knowledge to students to learn information, ideas, skills, values, help the 
students to develop scientific attitude, and also to understand themselves and their 
environments. Teaching is scientifically controlled and goal oriented activity. 
Hence, the cognitive models of teaching help the science teachers to improve their 
instructional effectiveness in an interactive atmosphere.  
 
In this unit the learners will learn about different teaching models which are 
effective for science teaching while developing this unit an attempt is made to 
give sufficient content about different effective science teaching models . 
 

OBJECTIVES 
 
After completion of this unit you will be able to: 
• Describe elements of effective science teaching 
• Develop techniques for students diagnostics 
• Design instructional sequence 
• Discuss learning cycle with detail 
• Explain co-operative model 
• Teach Science with the help of Models and Modeling 
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3.1 ELEMENTS OF EFFECTIVE SCIENCE TEACHING 
 
Teaching is more than telling. Often individuals approach teaching as the 
relatively simple task if telling about a scientific fact or concept. As you will see, 
it is much more. Teaching is not necessarily more difficult. As it turns out, telling 
is sometimes a difficult way to teach an idea. Effective teaching requires a great 
deal of thought, preparation, and design. In the next paragraphs, we introduce 
some ideas that you might keep in mind while designing a lesson, teaching unit, 
or entire science curriculum. 
 
(a) Before a Lesson or Unit 

The importance of goals and objectives has been highlighted in previous 
unit. They emerge here as the fundamental consideration of the planning 
process. 
Goals and objectives are like maps. They indicate the journey and the day’s 
destination respectively. Goals and objectives indicate where you are going 
and tell you when you have arrived. In teaching it is often well to remember 
that, like travel, the destination defines the trip, and the means of travel 
accommodates other aspects of the trip, for example, budget, time, and 
access. We recommend careful thought and identification of goal and 
objectives at an appropriate level for the individual or class. Once you 
actually have designed the lesson and begun teaching, it is important to 
continually direct and redirect teaching  to the goals and objectives. To use 
the trip analogy again, one can have educational side trips, but it is essential 
to continue in the general directions of your daily objectives and your unit or 
yearly goals. 
After you have identified goals and objectives, you will have to decide on 
such things as content, time, pacing, grouping, and activities.  

 
(b) Beginning a Lesson or Unit 
 How you begin sets the stage for the lesson and unit. The beginning of a 

lesson should achieve several things. First, it should connect what has been 
learned in the past with what is going to be learned in the present lesson. 
While the connections may seem obvious to you as the teacher, it is not 
always as clear to the student. Second, a good beginning can provide a focus 
or context for the present lesson. Effective beginning answer the why an 
what questions that student may have. Third, the beginning should be 
exciting and engaging. Students should be enthusiastic about what they are 
going to study. 
There are many effective  ways to begin a unit of study or a daily lesson. 
Demonstration, current events, the confrontation with the problems, pictorial 
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riddles, discrepant events, counter-intuitive situations, and challenging 
questions are but a few ways to begin a teaching sequence. 

 
(c) The Middle of a Lesson or Unit  
 Once the lesson or unit is underway, there is a lot to do. With experience, 

more elements and strategies are incorporated into science teaching. Here 
are a few initial ideas to consider as you design science lessons. Active 
participation with materials, equipments, and audiovisual aids is a good way 
to engage the learner’s attention and develop the concepts, skills, and values 
of your objectives. You want to optimize the amount of time students are 
engaged in learning tasks. 

 There are different means of capturing, maintaining, and enhancing 
students’ attention. These motivational strategies include showing the 
personal meaning of the lesson to the students’ lives. Personal meaning can 
be provided through a rationale; connecting an idea or concept to the 
students' lives, or answering a personal question. Success is another 
motivator. New objects and experiences can improve student interest and 
attention as much as success. 
Once you are into the lesson, remember to apply the principles of learning 
and development. At a minimum,  use reinforcement to discourage 
behaviors that are nonproductive. 
When introducing skills,  it is often essential to model what you want the 
students to do.  For example, demonstrate how you want them to set up and 
dismantle laboratory equipment or use the probes of a microcomputer-based 
laboratory. 
Practice is another element of learning. Some ideas,  skills,  and values are 
learned because they have great personal meaning. In others, proficiency is 
achieved through repetition of a task. Don't hesitate to schedule time to 
practice the skills that you perceive to be important. Sometimes practice can 
be done with the entire class, usually at the initial stages of learning, other 
times practice can be individualized an either distributed throughout or 
clustered at the end of the learning sequence. 
As you teach the lesson, it is valuable to monitor student progress. How are 
they doing? Do they understand what has been taught? If students are not 
progressing as you had anticipated, it is well worth adapting the sequence or 
method to better enhance student learning. The assessment can be as simple 
as spotchecking papers, asking questions, or giving a quiz. The crucial point 
is to change instruction based on the assessment. 
There is another, sometimes illusive, set of factors that are important for 
planning and teaching. Those factors can be thought of as the classroom 
climate. What plans should be made to establish a classroom environment 
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that enhances student learning? Planning your lesson or unit should include 
communicating expectations of achievement--your goals,  procedures for a 
safe and orderly work environment, anticipation and sensible management 
of disruptive behavior and establishment of cooperative learning. 
 
Yes, there is a lot that goes into teaching. Some of the factors described 
above can actually be a part of your planning; others are part of your 
instructional theory. 

 
(d) Ending a Lesson or Unit 

Too often, lessons and units just stop. Plan an ending to your lesson. There 
should be closure, an opportunity for you or the learners to summarize what 
has been taught. At the lesson's end, ou should be able to indicate how well 
the objectives were met. The students ought to leave the room with a feeling 
of accomplishment and closure for the day's lesson or the unit.  

 
(e) After a Lesson or Unit 

When a lesson or unit is over,  you should have some measure of the lesson 
and student achievement. The measure can be an informal assessment of 
"how things went" and "what they learned" or a formal evaluation of the 
lesson and a quiz or test of student achievement. These procedures are 
feedback for you and the students. They indicate what might be changed in 
the instructional sequence and the problems students may be having with the 
material. The next section is a more complete description of planning for 
effective science teaching. 

 
3.2  STUDENTS DIAGNOSTICS AND DIAGNOSTICS TEACHING 
 
The big idea behind Diagnostic Teaching is to illuminate and remove barriers to 
student understanding. When students have problems, you need to be able to 
systematically identify and fix them. This probably isn’t a huge difference from 
what you already do. There may be a slight change in practice, however. 
 
This isn’t about good grades, high-level thinking, compliance, or even 
understanding. Rather, the goal is to establish a pattern of diagnosis–of diagnostic 
teaching–so that you shift your focus from teaching & reteaching to 
systematic, guided diagnoses of academic performance barriers. 
This is a seemingly minor but important shift from thinking like a delivery driver 
or manager to thinking like a doctor or scientist. Another benefit? Helping 
students and parents see the process so they can begin to do the same. 
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From their grasp of content and literacy skills, to their engagement level, to 
behavior and organizational issues, to teacher actions, to the proverbial “stuff 
going on at home,” the possibilities are maddeningly endless. The following 8-
step process is a valuable tool for me as a teacher, so I thought I’d share a version 
of it here in hopes that it might help you. It was useful not only for me to see what 
strategic responses I had available to me as a teacher, but it was also useful for 
students to come to know what to expect. 
 
It also was valuable in teacher conferences, and in discussions with district folks 
during walk-throughs when they wanted to know how I “responded to non-
mastery” (beyond reteach the same busted content in the same broken form with 
the same ineffective strategies that failed the first time.) 
 
The Goal of Diagnostic Teaching 
It is important to keep in mind the goal of this process–diagnosis. What’s 
wrong? What’s the hang-up? What’s getting in the way of learning, or of students 
proving what they in fact actually know? 
 
No matter what process, model, system, or flowchart you use, as long as you have 
something designed and documented, you can use and refine it accordingly, 
keeping you from knee-jerk reactions to non-mastery like repeating yourself, 
talking louder/faster/slower, holding students after class, calling home, issuing 
poor grades, having them partner with “good students,” giving them the majority 
of the answer, and so on. 
 
1.  Fundamental Curricular & Unit Design 

In diagnostic teaching, your first response should also be your broadest and 
most powerful. In this case, that is how you design your curriculum and 
instruction map by map, unit by unit, lesson by lesson. Within each of these 
pieces should be built-in devices to automatically–without any action on 
your part–respond to students that struggle. 
In short, spiral big ideas and power standards continuously throughout the 
year so students have access to the learning targets and standards a half-
dozen or more times, in a variety of guises and forms. Provided students 
read somewhere near grade level and complete the majority of their work–
and that work is within their Zone of Proximal Development–this can be 
incredibly effective all by itself. 
To accomplish this, consider an approach to curriculum mapping and 
instructional design that prioritizes. Power standards, spiraling, transfer, 
and Bloom’s Taxonomy are all tremendously useful in teaching and 
learning. The school year is a marathon, not a series of curricular sprints. 
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You have the students for approaching an entire calendar year. Design 
learning experiences around a handful of “big ideas” and power standards 
that were practiced over and over again and various levels of “cognitive 
intensity.” 
Whether you use Bloom’s Taxonomy, Depth of Knowledge, the Teach 
Thought Taxonomy, or any other, the idea is to be able to scaffold and 
frame instruction for a diverse set of learners would work. Obviously this 
concept probably deserves a post of its own, but in general if students don’t 
“master” a standard in November, that was okay because they’ll likely see it 
again in December, February, and April as well. 

 
2.  Complete all missing or incomplete assignments 
 The next step in Diagnostic Teaching has to do with individual 

assignments. If students don’t complete the work–the “practice”–they can’t 
improve. This means all graded work (not everything was graded) would 
need to be revised until it reflected “mastery.” Again, this is a whole post in 
and of itself–what is mastery, what do we accept as evidence, etc. 
The idea, though, is for every student to complete every assignment. If 
they did not or could not complete the work, You need to know which it 
was–couldn’t or didn’t. Once you know, you can respond more accurately. 
If they just didn’t–well, the next step is obvious. Do it. 
If they couldn’t? Your next step would is to clarify the instructions–make 
sure their poor performance isn’t a matter of not understanding what the 
assignment is asking them to do. If relevant, you can also emphasize any 
rubrics–make sure they saw it, read it, and could make sense of it. 
Just as above–if not, I’d clarify; if they’re confused, revise the rubric so that 
it “meets them where they are”–right there in front of them with a pen so 
that you both are on the same page. If this isn’t enough to diagnose the 
problem, and the issue is correctable without major changes, you can contact 
home for help with the assignment and rubric. (Note–be careful here. Be 
specific with exactly why you’re calling home; you don’t want student “in 
trouble” when they simply need help.) 
The big ideas here are completion and clarity. Students either need to finish 
the work so you can diagnose, or you need to clarify what to do and why so 
they can indeed finish it. 
 Mark non-mastered assignments as “incomplete” rather than “F” 
 clarify instructions 
 emphasize/clarify rubrics 
 offer differentiated rubric 
 may need to contact parents for support 
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3. Differentiate assessments on non-mastered standards 
 The next step in Diagnostic Teaching is to differentiate the assessment based 

on any number of factors–assessment format (MC vs essay, etc.), 
background knowledge, etc. Same complexity, depth, etc, just a different 
kind of assessment. 

 
4.  Isolate and prioritize standards for mastery 

Whereas above you’re simply providing an alternative form of the same 
assessment, step 4 allows you to break things down further so you can 
pinpoint issues more accurately. This means you’ll take an assignment, 
exam, project, etc., and change it significantly. Not to make it “simpler,” but 
for diagnostic reasons. You’re trying to find the barrier to student 
understanding and remove it. 
Three ideas? Reduce the number of standards being assessed at a time, 
reduce the number of steps in the assignment, and/or prioritize which 
standards you’re most concerned with and start there. 
 

5. Choose new materials/resources that feature more transparent 
illustration of standard 
This one is a bit simpler. Choose a problem, diagram, poem, novel, app, or 
some other resource that makes the “lesson” or learning target as transparent 
as possible. Reduce the need for the students to analyze, evaluate, make 
critical judgments, etc. Of course they need to be able to do those things, but 
remember, this is a troubleshooting process. Most students will never make 
it down to step 5. 

 You’re not teaching here, you’re diagnosing. 
 
6. Daily use of student exit chart 

You can download one example of a daily exit chart on our Teachers Pay 
Teachers store. 
Once students get to step 6, you’ve already responded five other ways. At 
this point, you may need to involve yourself, the student, and their family in 
a bit of minutiae. You need a daily snapchat of how the student is interacting 
with the content. One important goal here is to put the student “on the 
clock,” so to speak. This will help you see if the issue is motivation, 
organization, or something entirely academic. 
One way to clarify this is to use something along the lines of a daily exit 
chart that also can help communicate with home what’s happening in the 
classroom. 
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7. Student goal-setting & progress monitoring 
 The next step if steps 1-6 aren’t enough is to establish individual goals–

whether these are content-related or not is up to you and the student. But 
together you set goals and monitor progress daily or weekly–and hopefully 
in a way that the student and family at home can either support or handle on 
their own. (Wishful thinking?) 

 
8. Beyond-the-classroom support systems 
 If none of the above work–no amount of modification, differentiation, 

personalization, or communication can help the students successfully master 
content in your classroom, there may be other issues beyond your control, 
including simple stuff like organizational issues, to more complex literacy 
issues, learning disabilities, etc. This is where referrals, tutoring, school-
level RTI, or other functions may need to come into play. 

 
3.3  The ASSURE MODEL FOR SCIENCE TEACHING 
 
There are many families of teaching models. Each one has its importance for 
science teaching. ASSURE model is a guide for planning and then teaching by 
using media. The ASSURE Model is a guide for planning and teaching that uses 
media. This model is attributed to Molenda, Russel, Heinich, and Samldino from 
instruction Media and Technologies for learning.  
 
The word ASSURE is acronym of six steps , each step describes a set of tasks in 
which  use of educational technology is central. These steps and tasks are: 
1. A-analyze Learner 
2. S-State Objectives 
3. S-Select Media and material 
4. U – Utilize Technology, Media, and Material 
5. R-Require Learner Participation 
6. E-Evaluate and revise 
 
Brief description of each task are given below 
 
1. Analyze Learner 

Without knowing the learners attributes, it is very difficult to make teaching 
effective. Knowledge about the nature and thinking of students help teacher 
to overcome many prospective problems. During analysis students needs are 
explored, which ultimately help in choosing the strategies and resources for 
effective teaching. the analysis of learners should include: 
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• General characteristics of the learner, such as gender, interests, 
academic abilities, age, background etc. 

• Prior knowledge and skills 
• Learning styles such as auditory, visual and kinesthetic etc. 

 
2. State Standards and Objectives 

Second task of this model after analysis of learners attributes is to clearly 
state standards and objectives for the learners. The statement consists of a 
specification of what the learners will be able to do as a result of the 
instruction. 
For example the science students learning biology. The learner will be able 
to define photosynthesis. Enlist necessary requirements for photosynthesis. 
Describe light reaction and dark reactions. Objectives can be used in 
assessing the success of the students, perhaps for the grading process. Also 
,one can use them to let the students know what they will accomplish 
through this class. 
The good set of learning objectives are in conformity with ABCDs of well-
stated learning objectives. They are: 
Audience- denote for whom objectives are intended? 
Behaviour-what behaviours or performance to be demonstrated? 
Conditions- circumstances under which the behaviour or performance  
Degree- to what degrees will the knowledge or skill be mastered? 
The objective statements should be formulated with verbs that pinpoint the 
learning objectives. for using appropriate verbs Blooms taxonomy is useful 
guide. Assessment can only be based on the SLOs. 

 
3.  Select Strategies, Technology, Media, and Materials 

The second “s” in the acronym stands for select strategies, technology, 
media, and materials. Given what your learning objectives are, it’s necessary 
to pick instructional strategies, technology, and media that will bring about 
the results that you want. 
First, you should figure out what which delivery method will be best for 
your instruction. For instance, what proportion of your instruction will be 
instructor-centered and what proportion of will be student-centered? The 
first of these are strategies such as lecture, demonstration or showing a 
video. The second are strategies such as group discussion or cooperative 
group work. 
Common sense weighs in on the side of learner-centered strategies. 
Learning becomes more exciting when there is more class participation. 
Ultimately, it’s the learner who must gain mastery over the material, not the 
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teacher. However, there will be a certain amount of crucial information and 
technique that the teacher must give over and demonstrate. 
Learning is at its best when the teacher merely leads the student into 
discovering the correct answer to a problem themselves. An effective 
teacher is merely a facilitator to the process of learning. 
Once you select your teaching strategy, then it’s time to figure out which 
technology, media, and materials best support the method of teaching that 
you’re using. This ranges from simple tools such as chalk and blackboard to 
more sophisticated ones such as power-point presentations. What must be 
remembered is that the instructor is the essential ingredient in giving over 
the material. Fancy tools are useful, but it ultimately boils down to having 
someone who knows more than what the textbook contains. 
 

4. U – Utilize Technology, Media, and Materials 
This step in the ASSURE process concerns making a plan as to how you 
will utilize the technology, media, and materials that you have selected. As 
with all of the instructional steps, you must make sure that your plans 
contribute towards producing the objectives that you have laid down. 
It’s important to follow the “five p’s” process to achieve this: 
Preview the Technology, Media, and Materials 
This means that it’s important to plan ahead of time just how you’re going 
to use them. It’s good to do a dry run of your lesson before you actually 
teach it. Make sure that the whole lesson will go smoothly and seamlessly. 
Prepare the Technology, Media, and Materials 
You need to gather together all of the things that you will need to teach your 
lesson. They must be working properly. For example, if you are making a 
power-point presentation, then you’ll need to create the text and graphics for 
each screen. 
Prepare the Environment 
There is some minimal preparation required to set up the learning 
environment. Simple things like making sure that you have enough desks 
are important. Also, if you have control over the situation, you should make 
sure that there are no sources of noise that will disturb the students. 
Prepare the Learners 
First, you need to clearly inform the learners as to what the learning 
objectives are. This will help the learners create a mental map of what they 
need to absorb. Next, it’s important to tell the students how they will be 
assessed. You need to tell them what their assignments will be, how they 
will be graded, if there are tests, etc. Also, you should explain to the 
students what the benefits of learning the material are. 
Provide the Learning Experience 
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You then actually carry out the lesson. This is where all of your planning 
takes effect. You should be prepared to carry out the lesson with every prior 
step of the process in mind. This will insure your success as a teacher. 
 

5. R – Require Learner Participation 
This step actually belongs within earlier steps. It requires that you make 
plans to how you are going to actively engage your students in the material 
that you are teaching. This needs to be figured out both at the class level and 
the individual level. 
The most basic step that you can take is requiring participation of the 
students in class discussions. A more sophisticated approach would require 
that students prepare questions and comments at home to bring into the 
class. You might try even allowing individual students to lead classes or 
discussions in the style of a seminar. 
Beyond this, you need to plan exactly how the students will participate in 
the learning process generally speaking. How will they learn the information 
and techniques included in a lesson? This plan needs to be more specific 
than just saying that they will listen and absorb the material. Maybe you will 
encourage a specific kind of note-taking or other learning strategies. 
 

6. E – Evaluate and Revise 
The final step in the ASSURE process is just as crucial as all of the others. 
In this step, you evaluate the impact of your teaching on student learning. 
This includes an evaluation of your teaching strategies and the technology, 
media, and materials that you used. The following questions are useful to 
ask during this evaluation: 
 Did your lesson meet the learning objectives that you planned? How 

will you determine whether the students reach the objectives? Is your 
way of assessing the students in line with your learning objectives? 

 Can this lesson be improved? How? How are you going to assess the 
weaknesses in your presentation? 

 Was your choice of media and materials a good one? How will you 
assess the effectiveness of these tools? 

 Is it possible that other technologies, media, and materials would have 
done a better job? 

 
The final step in your evaluation should focus on feedback from your students. 
Was their experience positive overall? Do they feel that they have reached your 
objectives and their own personal objectives? How will you determine whether or 
not your performance was effective? 
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In conclusion, the ASSURE process is really just a matter of common sense. 
However, it is good to follow a regimented guide to improve your teaching 
technique. Any effective teacher knows that the perfection of their technique does not 
come overnight, and there is always room for improvement. By following the 
ASSURE process, you will be sure to improve your teaching for many years to come. 
 
3.4 DESIGNING YOUR INSTRUCTIONAL SEQUENCE 
 
Using the textbook, facilitating learning, grouping students, and sequencing 
instruction are examples of factors you must consider in the designing an 
instructional sequence. Teaching is probably more difficult than you imagined. 
The current reform in education includes emphasis on effective instruction. Many 
talented individuals have subsequently considered instructional strategies and 
sequences that you can use. This section reviews some of the prominent models 
for science teaching. 
 
Using Textbooks Effectively 
You may think it unusual to have a section on using textbooks but textbooks are 
central to science teaching. In spite of some common myths, textbooks in and of 
themselves are not bad,  most good teachers use textbooks,  and textbooks can be 
used to enhance learning. 
 
The majority of teachers use textbooks. In a 1985 survey, Iris Weiss found that 93 
percent of science teachers in grade 7-12 used a published textbook. 
 Interestingly, the majority of science teachers did not consider textbook quality to 
be a significant problem in the schools. The most highly rated aspects of science 
textbooks were their organization, clarity and reading level. We should note here 
that a number of individuals and groups do see problems with the quality and 
usability of textbooks.  
 
Since the 1960s the prevailing wisdom in science education was that programs 
should be activity-based and not textbook dominated. Research shows that the 
opposite is the case--teachers are using fewer activities and relying more on the 
textbook. Use of textbooks is necessitated by the need for science teachers to plan 
for several subjects, the reduction of budgets, and the scheduling of science 
classes in no laboratory rooms. 
 
Our purpose in this section is to assist you in becoming an intelligent user of the 
textbook. That is, to help you recognize the potentials and limitations of 
textbooks, and to use them to enhance learning. The section relies heavily on the 

76 



research and writing of Kathleen Roth and Charles Anderson of the Institute on 
Research for Teaching and Learning, Michigan State University. 
 
Science teachers use textbooks in several ways. Textbooks help teachers make 
decisions about the curriculum. Questions about topic, activities of coverage, 
depth, sequence and emphasis are answered by reference to the textbook. 
Although the textbook helps teacher with the efficiency of decisions, they do not 
necessarily help make the best decisions for students. Teachers must Carefully 
Mediate those decisions. 
 
Textbooks help teachers select teaching strategies. Again this use of textbooks has 
both advantages and disadvantages. The clear advantage is efficiency. It takes 
considerable effort to manage an activity-based program. It is much easier to have 
students read the textbook. The disadvantage is that reading the textbook may not 
facilitate student learning. We will discuss this in greater detail later.  
 
Textbooks provide scientific explanation. Descriptions of key concepts and 
information are usually straightforward and succinct in textbooks. Providing 
students with good descriptions of scientific ideas is difficult; it is especially 
difficult when teachers are teaching out of their discipline. So textbooks can be a 
useful resource for scientific explanations.  
 
You can see that textbooks are quite helpful. Given the function of textbooks, it is 
easy to see why the majority of teachers rely on them.  What do science teachers 
need to understand in order to use textbooks more effectively? First in importance 
is to understand how students use textbooks. 
 
Several times we have pointed out that students have prior knowledge about 
science. Often this knowledge is inadequate or incomplete when compared to 
scientific knowledge, thus the label misconceptions. Students' prior knowledge is 
important to understand when considering students' reading strategies. What 
happens when students are asked to read a text that has explanations about 
phenomena hat is incompatible with their current explanations? Students seem to 
use several strategies to accommodate the difference between their conceptions 
and those presented in textbooks. Here is the different strategies students use. 
 
 
 
Reading for Conceptual Change 
A few students use the text to change current conceptions to more appropriately 
scientific conceptions. As students confront concepts that conflict with their own 
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ideas, they give up their concepts and assimilate those presented as formal 
scientific explanations in the textbook. 
 
Overrelying on Prior Knowledge and Distorting Text to Make it Compatible 
with Prior Knowledge 
Here students use elaborate strategies to link prior knowledge with text 
knowledge. These students genuinely try to make sense of the text and integrate 
text ideas with their own knowledge. Still, they just cannot give up their own 
strongly held ideas. Thus, the strategy of linking scientific with their own ideas. 
 
Overrelying on Details in the Text----Separation of Prior Knowledge and 
Text Knowledge 
These students pay great attention to the text. They attend to the details, as 
opposed to concepts, and fail to attach any meaning to the details. The details, 
most often the specialized vocabulary of science, are isolated words that have no 
relationship to anything. These students think they understand science if they are 
able to decode the words and identify details in the textbook. 
 
Overrelying on Prior Knowledge and Ignoring Text Knowledge 
Some students rely on their own experiential knowledge to interpret the textbook. 
If asked about text knowledge, they equate textbook explanations with their own 
explanations, one that have nothing to do with scientific explanations. The text 
“makes sense” in terms of their prior knowledge. 
 
What can teachers do? There are a few recommendations for effective use of 
science textbooks. The principles are based on studies of text based science 
teaching and understanding gained from studies of students’ reading strategies. 
 
Using Textbooks Effectively 
1. Direct students’ attention to important concepts 
2. Challenge students’ thinking and misconceptions 
3. Ask students to construct explanations of everyday phenomena. 
4. Probe student responses 
5. Provide accurate feedback to students 
6. Construct alternative representations of textbook explanations 
7. Make explicit the connections between textbook explanations and student 

misconceptions. 
8. Select activities that create conceptual conflict and encourage conceptual 

understanding 
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Directing Students ‘Attention to Important Concepts 
Textbooks typically contain numerous ideas and vocabulary words. This situation 
causes students to memorize facts and lists of words rather than focus on 
strategies that will result in conceptual change. Focusing students on central 
issues that are problematic, keeping lessons related to the concepts, and keeping 
vocabulary to a minimum will contribute to conceptual change. 
 
Challenging Students’ Thinking and Misconceptions 
Textbooks are written from a scientist’s perspective. Seldom do textbook authors 
consider students’  perspectives as they organize textbooks. Still, students will 
interpret text material in terms of their prior knowledge. Effective teachers 
identify the differences between students’ concepts and those in the textbook. By 
asking questions and challenging students’ thinking, teachers can initiate the 
process of conceptual change. The questions should be stated in relation to ideas 
in the textbooks or students may not make the connections. 
 
Asking Students to Construct Explanations of Everyday Phenomena 
Questions in textbook seldom have students apply knowledge to real world 
experiences. Encouraging students to compare, challenge, and debate each other’s 
explanations are all methods that resolution conceptual change. 
 
Probing Student Responses 
Listen for students’ thinking rather than for right answers. Ask questions that will 
have students justify and clarify their responses. 
 
Providing Accurate Feedback to Students 
Teachers typically respond to student answers by praising correct answers and 
ignoring incorrect answers. The greatest concern is the later. While teachers think 
this approach helps students, in actuality it does not. Giving positive feedback for 
any answer encourages students to maintain their current conceptions and to use 
ineffective strategies to find correct answers. Effective teachers give clear and 
accurate feedback about the strengths and limitations of student responses. 
 
Constructing Alternative Representations of Textbook Explanations that 
Make Explicit the Relationships between Scientific Explanations and Student 
Misconceptions 
Give the student time to struggle with explanations in the textbook. Most 
textbooks are packed with explanations that are presented in one way, then the 
text move to the next explanation. There is little time and variation that helps 
students construct new concepts. After students have time to grapple with 
concepts, the teacher should provide different representations of the ideas. The 

79 



representations will be most effective if they clearly contrast the students’ and 
scientific explanations. 
 
Selecting Activities that Create Conceptual Conflict and Encourage 
Conceptual Understanding 
In the move away from laboratory-based instruction, teachers and textbooks have 
included activities that do not necessarily encourage conceptual change. Selection 
of activities is based on criteria such as interest, a sense that it is important to do 
something in science, or the need to do activities that are easy to manage. 
Discrepant events are good examples of the types of activities that create 
conceptual change. In the end, doing activities is not as important as helping 
students make sense of their experiences. 
 
3.5  THE LEARNING CYCLE 
 
The learning cycle originated with the work of Robert Karplus and his colleagues 
during the development of the Science Curriculum Improvement Study (SCIS). 
Originally, the learning cycle was primarily based on the theoretical insights of 
Jean Piaget, but it is consistent with other theories of learning, such as those 
developed by David Ausubel. 
 
There are three phases to the learning cycle. Exploration, invention, and discovery 
were the first terms used in the SCIS program. Later these terms were modified to 
Exploration, Concept Instruction, and Concept Application. While other terms 
have been used for the three original phases, the goals and pedagogy of the phases 
have remained similar. 
 
During the first, or Exploration, phase of the learning cycle students learn through 
their own involvement and action. New materials, ideas and relationships are 
introduced with minimal guidance by the teacher. The goal is to allow students to 
apply previous knowledge, develop interests, and initiate and maintain a curiosity 
toward the material at hand. It is also the case that the materials should be 
carefully structured so involvement with them can not help but engage concepts 
and ideas fundamental to the lesson’s objectives. 
 
Introduction of the concept is the next phase. Various teaching strategies can be 
used to introduce the concept. For example, a demonstration, film, textbook, or 
lecture can be used. This phase should relate directly to the initial Exploration and 
clarify concepts central to the lesson. While the Exploration was minimally 
teacher-directed, this phase tends to be much more guided. 
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In the next phase, Application, students apply the newly learned concepts to other 
examples. The teaching goal is to have students generalize or transfer ideas to 
other examples used as illustration of the central concept. For some students the 
period of self-regulation, equilibration, or mental reorganization of concepts may 
take time. Having several activities where a concept is applied can provide the 
valuable time needed for learning. An excellent introduction and science teaching 
examples of the learning cycle have been developed by Howard Birnie, and 
Robert Karplus and colleagues. 
 
John Renner and his colleagues examined the effectiveness of altering the 
sequence of the learning cycle. They found that the normal sequence (that 
described above) is the optimum sequence for achievement of content knowledge. 
Anton Lawson has made important connections between research on student 
misconceptions and use of the learning cycle. Lawson suggests that use of the 
learning cycle provides opportunities for students to reveal prior knowledge 
(misconceptions) and opportunities to argue and debate their ideas. This process 
can result in disequilibrium and the possibility of developing more adequate 
conceptions and patterns of reasoning. 
 
Lawson proposes three types of learning cycles descriptive, empirical-inductive, 
and hypothetical-deductive. While the sequence is similar to that described above, 
the difference among the types of learning cycles is the degree to which students 
gather data in a descriptive manner or in a manner that explicitly tests alternative 
explanations. In descriptive learning cycle ,students observe natural phenomenon, 
identify pattern and seek similar pattern elsewhere. According to Lawson, little or 
no disequilibrium occurs in descriptive learning cycles.  
 
Empirical –inductive learning cycles require students to explain phenomenon thus 
expressing any misconceptions and providing opportunities for dialogue and 
debate. Hypothetical-deductive learning cycle require students to explain 
phenomenon thus expressing any micro conception and providing opportunities 
for dialogue and debate. Hypothetical-deductive learning cycles require students 
to make explicit statements of  alternative explanations of phenomenon. Higher 
order reasoning patterns are required in order to test alternatives explanations., 
Research conducted by Rannar and his colleagues has recommendations made by 
lAWson are practical, useful, and insightful for science teachers.  
 
3.6  CO-OPERATIVE LEARNING MODEL  
 
As a science teacher you will be able to structure lessons in several different 
ways. Most commonly lessons are structured so students compete with one 
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another for recognition and grades. You might also design your lessons so 
students can follow an individual approach, or learn on their own. There is a third 
options that lends itself very well to science teaching, especially when the 
laboratory is a central part of instruction. That is a cooperative approach where 
students are arranged in pairs or small groups to help each other learn the assigned 
material. David Johnson, Roger Johnson, and their colleagues have developed a 
substantial research base for the use of a cooperative learning model. Over the 
years the Johnson have also developed the practical, instructional approach based 
on their model.  
 
The discussion in this section is based on their book “Circles of Learning”. 
Cooperation in the classroom  
 
There are four basic elements that must be included in cooperative learning 
models. To be truly cooperative small groups must be structured for positive 
interdependence, face to face interaction, individual accountability, and use of 
interpersonal and small group skills.  
 
Positive interdependence is established when students perceive that they are in 
positive and interdependent relationships with other members of their group. 
There are several ways of achieving positive interdependence. you can establish 
mutual goals for the group, a division of labour for a mutual task dividing 
materials ,resources, or information so group members will have to cooperate to 
achieve their task; assign students different roles such as reorder, researcher, 
organizer, etc; or joint rewards for the group can be given.  
 
Face to Face interactions among students is a central aspect of cooperative 
learning. Cooperative work and verbal exchange among students form the 
learning experiences. Though they work in groups, students must still be 
individually accountable for learning the assigned materials. The cooperative 
learning is not having one person do a report for two or three others. The aim is 
for all students to learn the material. In order to accomplish this, it is necessary to 
determine the level of mastery of students and then assign groups to maximize 
achievement.  
 
Finally, students have to learn to use interpersonal and small group skills .students 
are not naturally skilled at cooperative learning. They must be taught social skill 
of collaboration, they must be given time and experience in collaboration. And 
they must be taught to analyse the group progress to see if effective working 
relationship have been maintained.  
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Science teacher will have to teach students the skills of cooperation. This 
statement leads to the obvious questions. “What skills need to be taught?” And 
“how does one teach these skills “?. It is again referred to circles of learning. 
Cooperation in the classroom. Answering the first question, there are four levels 
of cooperative skills. First there are forming skills. That is ,the basic skills needed 
to organize a group and establish norms of behaviors for cooperative interaction. 
Here are some suggestions to help the initial formation of cooperative groups. 
1. Move into groups without undue noise and unnecessary interaction with 

other students. 
2. Students should stay in their groups. 
3. Students should speak softly. 
4. Students should encourage each other to participate. 
5. Use name and look at each other during discussions. 
6. Avoid sarcastic remarks or “ put down” of other pupil. 
 
Group functioning is the second skill level that will need to be developed. Here, 
the lessons involve those skills that will maintain the group and facilitate effective 
working relationships. Some important skills of group maintenance are 
1. Students should understand the purpose, time allotment, and most effective 

procedures to complete their work. 
2. Support for each others, ideas and work should be expressed. 
3. Students should free to ask for help, information, or clarification from other 

group members or the science teacher.  
4. Student might learn how to paraphrase and /or summarize other student 

ideas. 
5. As appropriate, students should learn how to express their feeling about the 

assignment and /or group process. 
 
The next phase described by Johnson etall. Is that of formulating understanding of 
the concepts, processes, and skills of the assigned lesson. The skills are designed 
to maximize each students learning. Here are some suggestions: 
1. Each student should summarize-aloud-the important ideas contained in the 

material assigned.  
2. Other students should correct and clarify summaries. 
3. Students should elaborate on each other’s summaries. 
4. Students can give hints about ways to remember ideas. 
5. Ask all group members to participate in the discussion. 
The last stage is that of Fermenting. The point here is to have students develop 
skills that will help reconceptulize and extend ideas . At this level there is already 
firmly developed group structure, so it is possible to introduce challenges, conflict 
and controversies. Because of the skills already developed, situations that 
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challenge have the possibility of bringing about deeper thinking, more synthesis 
of ideas, gathering of more information, and constructive arguments about 
conclusions, decisions, and solutions. In this case the science teacher may be the 
person who brings about the extensions of ideas. It is possible, even desirable, for 
students to function at this level. The teacher will have to decide bout the degree 
of group development and level of interaction as this is reached. Skills that 
facilitate this stage include: 
1. Criticise ideas, not other students 
2. Clarify disgreement within the group. 
3. Synthsize different ideas into a single statement. 
4. Ask other students to justify their conclusion. 
5. Ask probing, clarifying questions 
6. Generate several answers or conclusion and select the best for the given 

situation. 
 
We now turn to the second question, “How does one teach these skills”? As a 
science teacher interested in cooperative learning it will be critical to identify 
students who have not developed the group skills discussed earlier. There are 
several ways that a science teacher can teach the skills required for cooperative 
learning: 
1. Be sure that students understand the need for group skills. 
2. Be sure that students understand the skills and when to use it. 
3. Be sure that students have time and situation where they can practice the 

skills. 
4. Be sure that students have the opportunity and procedures for discussing 

their use of group skills. 
5. Be sure that students continue using the skills until they are natural part of 

group work. 
 
Since much work in science classes ,and later life is dependent on group work we 
think the time and effort required to implement Cooperative skills will be well 
spent. There is still a time and place for individual and competitive learning. The 
cooperative learning model provides an excellent complement to other models 
used in science teaching. 
 
3.7  TEACHING SCIENCE THROUGH MODELS AND MODELING 
 
Models and modelling play a crucial role in science practice. One justification 
for their inclusion in science teaching is that they contribute to an 
'authentic' science education, where teaching reflects the nature of science as 
much as possible. 
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Introduction 
Models provide representations of scientific concepts that can make the ideas 
more understandable to learners (Huddle, White and Rogers, 2000). Modeling 
requires the user to make links between the model and the reality that is being 
modelled. This activity includes the assessment of the model itself and an 
evaluation of how the model maps to the scientific concepts represented. Previous 
research has indicated that students' appreciation of models is limited and naïve 
(Grosslight, Unger, Jay and Smith, 1991). However, to understand why models 
are advantageous to learning science, it is necessary to look at how models are 
used and how students perceive the models. Using this background, the role that 
models play in contributing to learning can be investigated. 
  
Background 
Students' ideas of models originate from their everyday experiences that are 
usually associated with scale models and computer simulations. This study 
focused on scientific models; however, students do not always differentiate 
between scientific models, teaching models and models in general, and all 
definitions of models are included in our discussion. Models are often seen as 
teaching tools that enhance the visualization of abstract concepts. 
  
Students' and experts' understanding of models 
The significant difference between students' understanding of models and that of 
experts has highlighted the inadequate understanding that some students have of 
the model concept. Inadequacies include the student focusing on the surface 
features of the model, students being unable to transfer from one model to another 
easily, and not being able to identify the features of a model (Kozma and Russell, 
1997). Research has shown that students have a naïve understanding of the role of 
models in science (Grosslight, Unger, Jay, and Smith, 1991). This result is not 
surprising considering that even though models are used extensively, across 
diverse fields, they are usually used without elaboration of their role, their 
symbolic nature, their limitations and their strengths. The passive use of models 
leaves the student with the perception of models as descriptors, whereas the active 
use of models can develop the perception of models as interpretive and predictive 
tools. 
There are two aspects of models that can be considered: 1) How the model is used 
as an explanatory tool of scientific concepts, and 2) Appreciation of the role, 
purpose and limitations of a model. The use of models includes being a 
descriptive or explanatory tool, using the model to test ideas, make predictions, 
and formulate hypotheses. Research into the use of chemical models has shown 
that the descriptive nature of models was better understood by students than the 
predictive role of models (Treagust, Chittleborough and Mamiala, 2004). Models 
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can be used to encourage students to analyse and evaluate scientific ideas. 
However, using a model may not be enough to ensure that the students have an 
appreciation of their role, purpose and limitations of models. When using model-
based reasoning, students' need to have a good knowledge of the model itself, and 
also be familiar with the connections between the model and the target. 
 
The role of models 
For students to understand the role, purpose and limitations of models, it is 
necessary for them to have a notion of the role of models. Models are useful tools 
in learning science which can be used to improve explanations, generate 
discussion, make predictions, provide visual representations of abstract concepts 
and generate mental models (Treagust, Chittleborough and Mamiala, 2003). 
Consequently, models can play a significant epistemological and pedagogical role 
by providing learning opportunities. To improve these aspects, Gilbert (1997) has 
recommended a more authentic treatment of the process of science with teachers 
being educated to use and present models in a more scientific way. As students 
use models discerningly, appreciating their role, purpose and limitations, links are 
formed between the model and the target, and each learner constructs a personal 
mental model for the concept. 
 
Classifying models 
Classification schemes of models are useful because they provide students with a 
framework with which to highlight and understand the role, purpose and 
limitations of particular models. These schemes can lead students to develop ways 
of thinking about new models, ideas and theories. The common method of 
classifying models is according to their type, form and method of use (Gilbert and 
Osborne, 1980; Grosslight, Unger, Jay and Smith, 1991). Gilbert (2004) described 
four different categories of models: a consensus model—an accepted model, 
tested by scientists and socially agreed upon; a teaching model—a model used to 
help explain something; an expressed model—the personal expression of the 
students understanding of the phenomena in speech, actions or writing; and a 
mental model—the personal internal understanding of the phenomena. 
 
An awareness of the attributes of a model is important in appreciating the role, 
purpose and limitations of a model: firstly by enabling learners to recognise the 
strengths and limitations of the particular model, secondly as a method of 
classifying the model, and thirdly in recognising the level of representation at 
which the model is presented. Without realising, we classify and sort everything 
we encounter using our own personal criteria and positioning it in our mental 
framework. The use of classification keys, categorising criteria, and sorting 
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methods provides students with methods of sorting information that may extend 
their current framework or require a new framework to be adopted. 
 
Mental Models 
Mental models can represent discourse about real, hypothetical, or imaginary 
situations (Johnson-Laird, 2001). It is a window into the learners' understanding 
and can be used by the learner to give explanations, make predictions and provide 
reasoning. The personalised mental model of a learner is described by Norman, 
(1983) as hazy, incomplete and messy, by Brewer (1999) as ambiguous. 
 
Models help learners to generate personal mental models. The development of 
learners' mental models occurs as learners use models, make predictions, get 
feedback and modify their understanding (mental model) accordingly. This 
reflective and recursive learning style is dependent on the learner being 
challenged to make predictions and applications, but can be rewarded with a more 
meaningful and deeper understanding. The framework presented in Figure 1 from 
Chittleborough, Treagust, Mamiala and Mocerino (2005) is based on the research 
literature and diagrammatically presents the role of the four types of models in 
learning. 

 
The aim of the study 
The aim of the study is to understand why models are valuable tools in learning 
by investigating: 1) How do students' perceive models in respect of their learning 
science?, and 2) What are the criteria that students use to classify models? The 
first research question provides the foundation for the second research question. 
These data are reported in more detail in Chittleborough et al. (2005). 
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Method 
This study surveyed students about their general views on models to gain a more 
accurate assessment of their perceptions. The instrument My Views of Models in 
Science (VOMMS) (see Appendix) was used to understand students' ideas about 
models. Responses were obtained from 210 students from three different schools 
and across four Year levels, 8, 9, 10 and 11. All schools were coeducational, with 
two being state high schools and one being a private college. The Year 8, 9 and 10 
students were studying general science and the Year 11 students had chosen to 
study chemistry. The students sampled had no specific teaching about models; 
however, the chemistry students had used chemical models in their classes. 
 
The six items in the VOMMS instrument evolved from Aikenhead and Ryan's 
(1992) Views of Science-Technology-Society item bank of questions. Each item 
required students to choose between two alternative statements about scientific 
models, thus forcing them to take a definitive stance in response to the question. 
For example, given the statement in item 1, 'Models and modelling in science are 
important in understanding science', students were asked to choose whether 
models are representations of ideas or how things work, or are accurate duplicates 
of reality. The Year 11 students were also required to provide a reason for their 
choice. Statistical differences using SPSS were investigated with respect to 
gender, age and school. ANOVA tests were performed on all items in the survey 
to identify any differences between different Year levels; t-tests were used to 
identify any gender differences. The VOMMS instrument has a Cronbach alpha 
reliability of 0.83 indicating that the results of the items are consistent throughout 
the instrument. 
  
Results and Discussion 
Students' perceptions of the role of models in science 
In response to Research Question 1 — How do students' perceive models in 
respect of their learning science? — the students' perceptions of models were 
measured based on the percentage responses to the VOMMS instrument. The 
responses showed that a majority of students (>70%) view models as a 
representation of ideas or how things work (item 1); that there could be many 
other models to explain ideas (item 2); that models are used to explain scientific 
phenomena (item 3); that a model is based on the facts that support the theory 
(item 4); that a model is accepted when it can be used successfully to explain 
results (item 5); and that a model may change in future years (item 6). 
 
An independent t-test performed on the six items found that only item 5 was 
statistically significantly different (p < 0.05) in respect of gender. In that item, the 
female students responded more positively, demonstrating a more scientifically 
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sophisticated view of models. An ANOVA analysis on the results for each item 
with respect to Year level showed statistically significant differences (p < 0.05) 
between the Year levels for items 1 and 2. For both items there was an increase in 
the number of students choosing the more scientifically valid response with age. 
 
Three distinguishable conceptions about models 
There are three distinguishable conceptions about models identified by the 
instrument, with item 1 of the instrument examining the idea of models as 
representations, item 2 and 3 looking at the multiplicity of models and items 4, 5 
and item 6 probing the dynamic nature of models. 
 
Models as representations 
There were significant differences across the year groups with 23%, 34% and 
25% of Year 8, 9 and 10 general science students, respectively, and only 9% of 
the Year 11 students described a model as an accurate duplicate of reality. This 
result compares to those reported by Grosslight et al. (1991) where even higher 
percentages of students (about 50%) believed that 'the model should be exact, 
smaller or proportional' (p. 810). The difference between the age groups is 
significant and provides clear evidence that older and more experienced students 
have a better understanding of the nature of models. 
 
Indeed, many scientific models are not exact and with more abstract concepts 
imprecise models are used because reality is too complex, even impossible, to 
duplicate. There is a dilemma for some students in accepting the lack of precision 
of some models. The reasons given to support the answer in item 1 that models 
are representations include 'helps us to explore things too small to see', "How 
atoms look is a theory, no one has actually seen them", "Science is too 
complicated, it can't be an accurate duplicate of reality", and "They are how we 
want to think things behave or look like. However, they aren't accurate as there 
are many exceptions". "Although I understand that the models aren't the real 
thing, it does make it easier to see how a molecule may work" and "they only help 
us to gain an idea of how something should look and how it behaves etc". These 
comments reflect the complexity of the model concept and the subtle differences 
in students' interpretations. In contrast, reasons given to support the alternative 
response that models are accurate duplicates of reality include: "proven and tested 
that it is accurate", "because that is how they are represented in the chemistry text 
book" and "atlas". The issue of reality arises here, with most students 
understanding that the model is not real but is a representation. 
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The multiplicity of models 
Items 2 and 3 examined the coexistence of multiple models, revealing that almost 
90% of students agreed that many models can be used to explain scientific 
phenomena. When considering the importance of using more than one model, 
students supported their choice by saying, "There can be several models that work 
because no one actually knows what is correct"; "to see things from different 
perspectives"; "different models of the same thing may be used to emphasise and 
show in detail certain aspects" and "phenomena are things we try to understand 
and it may take various models to make clear the phenomena and how it works". 
Despite this very high response there was still a significant difference between the 
Year groups with 31% of Year 8 students agreeing that 'one model only' is 
preferable. This result supports the assertion that older and more experienced 
students have a better understanding of the roles of models and the diversity of 
model types as suggested in the previous section.  
 
The dynamic nature of models 
Items 4, 5 and 6 dealt with the changing nature of models, with 73% of students 
believing that a model is accepted on the facts that support it and the theory; 86% 
agreed that a model is accepted when it can explain results and 83% believed that 
scientific models will change in the future. The differences between the groups 
are quite marked in Item 4 with 40% of Year 8 students believing that scientists 
are 'influenced by their personal feelings or motives' compared with 23% of Year 
11 students who hold this view. Similarly with item 5, 29% of Year 8 students 
believe 'scientific models will not change in future years' whereas only 17% of 
Year 11 students support this idea. The consistency in the differences between 
year groups for items 4, 5 and 6 supports the assertion that the students are 
gaining a better understanding of the role of models as they learn more about 
science. The reasons given to support the concept of the dynamic nature of 
models included "facts may change due to technology", "they have been proven 
wrong in the past, so what we are learning now might all be non-existent or 
wrong" and "As we generate a greater understanding of subjects we will be better 
able to create increasingly 'correct' models". These responses, which referred to 
scientific models with respect to their role in the scientific world and the scientific 
process and link the scientific model to the broader perspective of scientific 
changes, provide evidence that a few students are developing a dynamic 
perspective of science. This epistemological perspective is not usually taught 
directly in class but more often indirectly through example. The responses of the 
Year 11 students given as justification for their choice provided evidence of a 
wide range of understandings. 
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A sophisticated argument provided by three students for Item 5 justified that the 
acceptance of a new model goes beyond the valid belief of the model needing to 
successfully explain results. One student explained that 'if a new scientific model 
is not accepted by the majority of scientists, it won't be used — even if it does 
successfully explain results'. Another student responded 'without support, then 
you can't succeed, other scientists have to prove your model is valid". A 
developing/mixed epistemology is commonly exhibited in the comments such as 
'It has already been proven that scientific models will change as understanding 
increases and technology develops, models may be incorrect or not up to date as 
they should be'. The above comments illustrated the links between models and the 
students' understanding of the process of science. 
 
The results of this study are encouraging because the majority of students had a 
scientifically acceptable understanding of the model concept and the level of 
understanding improved with increasing year levels in this cross-age study. 
However, the study also identified some students' weaknesses and alternative 
conceptions that have been used as a basis for identifying what students need to 
know about models. Alternative conceptions include: a model being an exact 
copy; there being only one possible model for a particular phenomenon which is 
unchangeable; and the value of a model being determined by scientists' opinions. 
 
Criteria that students use to classify models 
In response to Question 2: What are the criteria that students use to classify 
models?, the three conceptions of models identified by the instrument have been 
used to develop a typology of models targeting the common alternative 
conceptions that students have shown in this area: Models as representations— 
refers to the purpose of a model and the accuracy of a model; The multiplicity of 
models — refers to the mode of representation; The dynamic nature of models — 
refers to the permanency of models. A typology based on these three conceptions 
highlights the attributes of particular models and should address the alternative 
conceptions by investigating four characteristics: 
1.  The Mode of representation refers to the physical nature of the 

representation e.g., visual, concrete, symbolic, verbal, 2 or 3 dimensional, 
static or dynamic, digital, responsive, interactive. 

2.  How Accurate is the model? Is the representation an exact replica or scale 
model of the target? Is it imprecise or impressionistic? 

3.  What is the Purpose of the model? Is it a teaching model, an explanatory 
model, a predictive model, a mental model, a theoretical model, an 
analogical model, a scale model, or a simulation? More than one response 
may be correct. 

91 



4.  The Permanency of the model. Is this representation accepted as fact? Is it 
just an idea? 

 
These attributes (Mode, Accuracy, Purpose and Permanency — abbreviated with 
the letters MAPP) can be used to classify models in a descriptive way and may 
help students develop their own ontological framework for models. It is mostly 
assumed that students generate their own personal typology of which they may or 
may not be cognisant. However by presenting the significant criteria, students are 
assisted and directed in this process. 
 
A theoretical framework for learning with models 
The classification criteria (MAPP) developed from the results of this study can be 
used to help identify the attributes of models, in all four types of models 
considered, and is incorporated into the original theoretical framework of models 
that was developed from the literature (Figure 1), to produce Figure 2. This 
theoretical framework (Figure 2) of models in the learning process provides an 
overview of how and why models are advantageous to learning. 
 

 
 
The basic input and output classification explains how the four different model 
categories (Gilbert and Boulter, 1995) relate to the learning process while 
ontological and epistemological aspects of students' understanding can also be 
layered onto this scheme. Through teaching we endeavour to change, develop or 
modify students' thinking and understanding to be more scientifically acceptable. 
The analysis here focuses on the students' understanding of the model concept 
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only, without considering the actual scientific concepts and knowledge which the 
models are being used to explain. 
 
The focus of the framework is indeed the learning process and the development of 
the learners' mental model. Learning can be described as the construction of 
mental models. Meta-cognition is a reflection of a learners personal knowledge or 
thinking (Rickey and Stacy, 2000). Each individual has to evaluate and integrate 
new information into his or her existing meta-cognitive framework. There is 
extant literature on this process highlighting the difficulties and accounting for the 
alternative conceptions that arise. The mental model and the scientific model can 
contradict each other when they are grounded in different general frameworks 
(Duit and Glynn, 1996). Tiberghein (1994) investigated how students are 
modellers themselves by constructing their own mental models to validate their 
own knowledge structure. Bodner and Domin (2000) investigated the use of 
representations in problem solving in which knowledge schema were activated 
and the success of the problem solving was dependent on the student constructing 
a representation to establish a context for understanding the problem on which 
other representations could be built. This finding demonstrates the relationships 
between the knowledge framework and representations and the accommodation 
and assimilation of new information. Meaningful learning via the internal 
construction process not via the direct transmission process requires learning by 
doing, and by construction and criticism rather than by listening and is reflected in 
an integrated knowledge schema. 
 
The expressed model is the personal expression of the students' understanding of 
the phenomena, the product of the students' knowledge construction, which can 
provide some indication of their mental model. The simplified framework is not 
exclusive — there are many factors influencing the learning process, nevertheless, 
this analysis has focussed on the role of models in learning. 
 
Other research has indicated that teachers recognise the importance of models in 
learning (Savec, Vrtacnik, Gilbert and Peklaj, 2006; Van Driel and Verloop, 
2002). Students' representational competence is a necessary skill that is developed 
through modelling and practice (Kozma and Russell, 2005) and teachers can play 
a significant role. An intentional pedagogical approach using the MAPP 
framework could enhance this skill. 
The VOMMS instrument has provided evidence that many students have a good 
understanding of the role of models in science with respect to the representational 
nature of models, the changing nature of models and the multiplicity of models. 
A cross-age analysis of student responses to the data showed that all items in the 
instrument support the assertion that these students gained a better understanding 
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of the role of models as they learned more about science. Some Year 11 students 
provided evidence of having developed a scientific epistemology. 
 
The term model and its use in science are wide and varied. The recognition of 
different model attributes including mode, accuracy, purpose and permanency 
may improve students' ontological understanding of models particularly the 
category, type, role and position of models in the process of science. This 
recognition has the potential to improve students' ontological perspective of 
models. 
 
The theoretical framework for models and learning provides a means of 
understanding how models are involved in the learning process. Since all learning 
leads to mental models it is valuable to understand the relationship between model 
categories and learning. This improved understanding has the potential to improve 
learners' epistemological perspective 
 
The Learning Cycle 
 
Concept Exploration 
1. Identify interesting objects, events, or situations that students can observe. 
2. Allow students time to explore the objects, events or situations. 
3. Have students think about concepts associated with the lesson. 
 
Concept Introduction 
4. The teacher directs the students toward specific aspects of the exploration 

experience. Concepts are presented in a clear, simple and direct manner. 
 
Concept Application 
5. Identify activities in which students extend the concepts in new and different 

situations. Encourage students to discover patterns and relationships among 
the variables and to reason through new problems. 

 
The Madeline Hunter Model 
Pre-lesson Assessment 
Determine the theme of the science processes and concepts to be taught in the 
lesson. Then, identify a major objective based on these. Locate the level of 
student understanding of the material relative to the objective. Then, select 
specific daily objectives for lessons. 
 
  

94 



Lesson Planning and Sequencing 
For each teaching sequence determine if the objectives for the lesson are 
appropriate to the present level of understanding of the students. 
 
Anticipatory Set 
Anticipatory set is an activity conducted early in the lesson to capture the 
attention of the students. The activity will focus student attention, elicit mental 
readiness and attentive behavior, provide a connection to past lessons, and orient 
them to the lesson material at hand. 
 
Objective and Purpose 
This is a step in which the day's objectives are communicated to the students. It 
will inform them of the day's objectives and outline for them what they will be 
able to do at the end of the lesson. It will also clarify why the lesson is important 
and useful. 
 
Instructional Input 
This step includes the actual teaching of the lesson. The best means available to 
teach the lesson are used to make the learning process the most effective it can be. 
 
Modeling 
The teacher provides examples of the science content and processes included in 
the objectives. Modeling provides samples of expected learning outcomes and 
gives visual and auditory input to the students. 
 
Monitoring Student Understanding 
Student understanding is monitored periodically by sampling, signaling and 
explaining. It will identify the students' understanding and provide ways to adjust 
the instructional sequence. 
 
Practice 
Students should be provided opportunities to practice the content and processes 
they have learned. Begin with teacher-guided practice. Later practice is done on 
an individual basis. Practice provides opportunities to apply concepts and 
processes under teacher supervision, as well as extending student understanding 
to new situations. 
 
Post-lesson Assessment 
After the lesson is over the students' understanding of the concepts and processes 
is assessed. This assessment should be based on the major objectives identified in 
the pre-lesson assessment and the specific objectives of the lesson. 
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The Constructivist Model 
Students construct reality of science concepts or intellectual structures through 
continuous interaction with each other and with their surroundings. To apply 
constructivist ideas the teacher should have an idea of the pre-existing 
conceptions (or misconceptions) that the students have at the beginning of the 
lesson. This permits the lesson an opportunity for conceptual change in the 
students. It is important to engage the students with concepts that are related to 
science. As the students encounter new material, they reconstruct their 
understanding and are able to apply their new knowledge constructions to new 
situations. 
 
General strategies include the following. 
• Recognize students' current concepts of objects, events or phenomena. 
• Present situations slightly beyond the current level of the students' 

understanding using problems, puzzles or situation conflicts. 
• Choose problems and situations that are challenging but achievable. 
• Have students present their explanations (concepts) to other students. 
• When students have inadequate explanations (misconceptions) 

o begin by accepting their (mis-)conceptions 
o suggest other explanations to provide insights 
o allow them time to reconstruct their explanations 

 
The 5E Instructional Model 
The 5E model has five phases, each beginning with the letter "e". These are: 
engagement, exploration, explanation, elaboration, and evaluation. Each of these 
phases has components that impact on orientation, students, teachers, activities, 
and learning according to the outline below. 
 
Engagement 
 
Orientation 
The beginning of the instructional task. The activity should make connections 
with previously learned material and anticipate activities and orient the students 
toward the learning outcomes of the current activities. 
 
Students 
Establish an interest in the current task. 
Teachers 
Identify the instructional task. 
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Activities 
Should be interesting, motivational and meaningful to the students. 
 
Learning 
Initiated by, exposure to, and experience with concepts, processes, and skills. 
 
Exploration 
 
Orientation 
Students are provided with a common base of experiences within which current 
concepts, processes, and skills may be identified and developed. 
 
Students 
Complete activities directed toward learning outcomes. 
 
Teachers 
Facilitate and monitor interaction between students and instructional situations, 
materials, and/or courseware. 
 
Activities 
Provide experiences relative to the learning outcomes. These activities will 
provide the students' initial explanations. 
 
Learning 
Directed by objects, events or situations. 
 
Explanation 
 
Orientation 
Student attention is focused on aspects of their experiences with the lesson and 
provides opportunities to demonstrate their conceptual understanding, process 
skills or behaviors. 
 
Students 
Students describe their understanding, use of skills, and express their attitudes. 
 
Teachers 
Clarify student misconceptions, provide vocabulary for concepts, give examples 
of skills, and suggest further learning experiences. 
 
Activities 
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Provide opportunities to identify student knowledge, skills and values, and to 
introduce language, and/or behaviors related to the learning outcomes. 
 
Learning 
Directed by teacher and instructional courseware or materials. 
 
Elaboration 
 
Orientation 
A phase that challenges and extends student conceptual understanding and skills. 
 
Students 
Students present and defend their explanations and engage in experiences related 
to the learning task. 
 
Teachers 
Provide the occasion for students to cooperate on activities, discuss their current 
understanding, and demonstrate their skills. 
 
Activities 
Activities provide challenges, repetition, new experiences, and practice. 
 
Learning 
Learning is encouraged through challenges, repetition, new experiences and 
practice. 
 
Evaluation 
 
Orientation 
Students are encouraged to assess their understandings and abilities. Teachers are 
provided opportunities to evaluate student progress toward achieving the 
educational objectives. 
 
Students 
Students examine the adequacy of their explanations, behaviors, and attitudes. 
 
Teachers 
Teaches use formal and informal procedures for assessing student understanding. 
 
Activities 
Evaluate concepts, attitudes, and skills of the students. 

98 



 
Learning 
Repeat different phases of the teaching model to improve conceptual 
understanding and/or skills 
 
Over the years dr. Madeline Hunter of the University of California at Loss 
Angeles Laboratory school has endevored develop materials and a teaching model 
designed to increase instructional effectiveness. Her Model is based on 
psychological theory, primarily behaviorism, and educational research. The model 
is quite practical . It seems a simple and complete way to integrete many essential 
aspects of instruction into a teaching plan. This discussion is based two of 
Dr.Hunters book . It should be clear that there is much more to this model than is 
given here 
 
3.7  MODELS FOR EFFECTIVE SCIENCE TEACHING 
 
The Learning Cycle 
Concept Exploration 
1. Identify interesting objects, events, or situations that students can observe. 
2. Allow students time to explore the objects, events or situations. 
3. Have students think about concepts associated with the lesson. 
 
Concept Introduction 
4. The teacher directs the students toward specific aspects of the exploration 

experience. Concepts are presented in a clear, simple and direct manner. 
 
Concept Application 
5. Identify activities in which students extend the concepts in new and different 

situations. Encourage students to discover patterns and relationships among 
the variables and to reason through new problems. 

 
The Madeline Hunter Model 
 
Pre-lesson Assessment 
Determine the theme of the science processes and concepts to be taught in the 
lesson. Then, identify a major objective based on these. Locate the level of 
student understanding of the material relative to the objective. Then, select 
specific daily objectives for lessons. 
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Lesson Planning and Sequencing 
For each teaching sequence determine if the objectives for the lesson are 
appropriate to the present level of understanding of the students. 
 
Anticipatory Set 
Anticipatory set is an activity conducted early in the lesson to capture the 
attention of the students. The activity will focus student attention, elicit mental 
readiness and attentive behavior, provide a connection to past lessons, and orient 
them to the lesson material at hand. 
 
Objective and Purpose 
This is a step in which the day's objectives are communicated to the students. It 
will inform them of the day's objectives and outline for them what they will be 
able to do at the end of the lesson. It will also clarify why the lesson is important 
and useful. 
 
Instructional Input 
This step includes the actual teaching of the lesson. The best means available to 
teach the lesson are used to make the learning process the most effective it can be. 
 
Modeling 
The teacher provides examples of the science content and processes included in 
the objectives. Modeling provides samples of expected learning outcomes and 
gives visual and auditory input to the students. 
 
Monitoring Student Understanding 
Student understanding is monitored periodically by sampling, signaling and 
explaining. It will identify the students' understanding and provide ways to adjust 
the instructional sequence. 
 
Practice 
Students should be provided opportunities to practice the content and processes 
they have learned. Begin with teacher-guided practice. Later practice is done on 
an individual basis. Practice provides opportunities to apply concepts and 
processes under teacher supervision, as well as extending student understanding 
to new situations. 
 
Post-lesson Assessment 
After the lesson is over the students' understanding of the concepts and processes 
is assessed. This assessment should be based on the major objectives identified in 
the pre-lesson assessment and the specific objectives of the lesson. 
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The Constructivist Model 
Students construct reality of science concepts or intellectual structures through 
continuous interaction with each other and with their surroundings. To apply 
constructivist ideas the teacher should have an idea of the pre-existing 
conceptions (or misconceptions) that the students have at the beginning of the 
lesson. This permits the lesson an opportunity for conceptual change in the 
students. It is important to engage the students with concepts that are related to 
science. As the students encounter new material, they reconstruct their 
understanding and are able to apply their new knowledge constructions to new 
situations. 
 
General strategies include the following. 
• Recognize students' current concepts of objects, events or phenomena. 
• Present situations slightly beyond the current level of the students' 

understanding using problems, puzzles or situation conflicts. 
• Choose problems and situations that are challenging but achievable. 
• Have students present their explanations (concepts) to other students. 
• When students have inadequate explanations (misconceptions) 

o begin by accepting their (mis-)conceptions 
o suggest other explanations to provide insights 
o allow them time to reconstruct their explanations 

 
The 5 E Instructional Model 
The 5E model has five phases, each beginning with the letter "e". These are: 
engagement, exploration, explanation, elaboration, and evaluation. Each of these 
phases has components that impact on orientation, students, teachers, activities, 
and learning according to the outline below. 
 
Engagement 
 
Orientation 
The beginning of the instructional task. The activity should make connections 
with previously learned material and anticipate activities and orient the students 
toward the learning outcomes of the current activities. 
Students 
Establish an interest in the current task. 
Teachers 
Identify the instructional task. 
 
Activities 
Should be interesting, motivational and meaningful to the students. 
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Learning 
Initiated by, exposure to, and experience with concepts, processes, and skills. 
 
Exploration 
Orientation 
Students are provided with a common base of experiences within which current 
concepts, processes, and skills may be identified and developed. 
 
Students 
Complete activities directed toward learning outcomes. 
 
Teachers 
Facilitate and monitor interaction between students and instructional situations, 
materials, and/or courseware. 
 
Activities 
Provide experiences relative to the learning outcomes. These activities will 
provide the students' initial explanations. 
 
Learning 
Directed by objects, events or situations. 
 
Explanation 
 
Orientation 
Student attention is focused on aspects of their experiences with the lesson and 
provides opportunities to demonstrate their conceptual understanding, process 
skills or behaviors. 
 
Students 
Students describe their understanding, use of skills, and express their attitudes. 
 
Teachers 
Clarify student misconceptions, provide vocabulary for concepts, give examples 
of skills, and suggest further learning experiences. 
Activities 
Provide opportunities to identify student knowledge, skills and values, and to 
introduce language, and/or behaviors related to the learning outcomes. 
 
Learning 
Directed by teacher and instructional courseware or materials. 

102 



 
Elaboration 
Orientation 
A phase that challenges and extends student conceptual understanding and skills. 
 
Students 
Students present and defend their explanations and engage in experiences related 
to the learning task. 
 
Teachers 
Provide the occasion for students to cooperate on activities, discuss their current 
understanding, and demonstrate their skills. 
 
Activities 
Activities provide challenges, repetition, new experiences, and practice. 
 
Learning 
Learning is encouraged through challenges, repetition, new experiences and 
practice. 
 
Evaluation 
 
Orientation 
Students are encouraged to assess their understandings and abilities. Teachers are 
provided opportunities to evaluate student progress toward achieving the 
educational objectives. 
 
Students 
Students examine the adequacy of their explanations, behaviors, and attitudes. 
 
Teachers 
Teaches use formal and informal procedures for assessing student understanding. 
 
Activities 
Evaluate concepts, attitudes, and skills of the students. 
Learning 
Repeat different phases of the teaching model to improve conceptual 
understanding and/or skills 
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Self Assessment Exercise 
 
Q.1 Answer the questions 
1.  Describe student diagnostics. 
2.  Write the utilization of ASSURE model in Pakistani context. 
3.  Design your own instructional sequence. 
4.  What is the importance of learning cycle? 
5.  Write different steps of co-operative model. 
6.  Differentiate model and modeling in Science education. 
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4.1 The Discussion Method  
 
The classroom discussion is one off the most powerful Strategies that a teacher 
can use to facilitate cognitive and effective gains in students. This approach can 
be used to provide students with opportunities to clarify their own values and 
make informed decisions with regard to everyday social problems. It can also be 
used to promote inquiry and develop problem solving skills. 
 
There is a strong agreement among science educators that contemporary social 
issues must be included within science instruction. In this context, the discussion 
method provides way to facilitate the exchange of ideas on societal issues and 
topics that require the students to make judgements and clarify their own values. 
Through Standing the way scientists go about their work. Students cannot acquire 
this understanding through a lecture alone. 
 
There are occasions in science teaching when large group instruction may be 
efficient. Certainly, the lecture demonstration given to large groups of students 
can save both money and time. It saves more time, money, and energy to present 
one demonstration before thirty-two students than to prepare a laboratory activity 
to be individually conducted by thirty-two students. The lecture is also an 
efficient way to convey information to students who have difficulty reading their 
texts or who do not do their reading assignments. For these students the teacher 
can provide the necessary information, emphasizing the key points and allowing 
students to ask questions during the presentation. 
 
Even though the lecture method has certain immediate advantages—a large 
amount of material can be covered in a short period of time, and it is an efficient 
use of time and money—there are some disadvantages. During lectures, the 
learning process does not proceed as efficiently as many assume. A great deal of 
the information given by the teacher is not internalized and understood by 
students. Unfortunately, the “pouring in” of information into the minds of 
adolescents is incomplete. They lack the necessary cognitive structures and 
knowledge base to absorb many of the abstract concepts included in science 
lectures. Teachers who do not develop the expertise to match the subject matter 
they deliver to the intellectual competence and experiences of their students will 
be ineffective with the lecture method.  
 
The teacher should also consider that lectures—presented to adolescents who are 
restless by nature, preoccupied with immediate problems, and often handicapped 
by limitations of vocabulary and background of experience—can be dull and 
meaningless unless these factors are taken into consideration during planning. 
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Lectures must be well-planned, well-delivered, and of limited duration. Teachers 
who use the method well are those who deliver short, effective presentations. 
Lectures that last an entire class period can cause students to be inattentive, bored, 
and mischievous, resulting in classroom management problems. 
 
Organizing Students for a Lecture 
Fifteen is the minimum number of students for a lecture. A smaller group should 
probably be more informal—one in which all individuals participate rather than 
the teacher being the sole deliverer. On the other hand, lecture sessions consisting 
of large numbers of students—thirty-five or more—are generally more formal and 
involve less teacher-to-student and student-to-student interaction than with small 
group presentations. Lectures involving large groups discourage student questions 
as well as student discussions so that teachers do not get a sense of whether 
students are assimilating the material. A lecturer can sometimes tell whether 
students understand what is going on by observing facial expressions or 
restlessness. Once a teacher observes such signs, he should stop and ask questions 
to determine the students’ understanding at points during the lecture. 
 
The teacher who delivers lectures to large groups should make use of small group 
discussions during which students can deal with the information given during the 
presentation. However, small group discussions led by students require proper 
planning. Students who lead discussions must know what to do to obtain the 
desired outcomes. Student discussion leaders must be trained by the teacher 
beforehand to make sure discussions meaningful. 
 
The teacher should also encourage questions from students during lecture 
presentations so that points can be cleared up immediately rather than later during 
a small group session or another class period. 
 
Visual aids can make lecture presentations stimulating and meaningful to 
students. Strategic use of films, video tapes, slide transparencies, the chalkboard, 
overhead transparencies, maps, globes, wall charts, and models can make a 
lecture an effective presentation. 
 
Suggestions for Preparation 
A lecture that is well-organized, planned, and delivered is an excellent way to 
review, expand content, develop insights, explain and motivate, especially when 
the lecture is based on information that the students have learned as well as 
experiences they have had. The lecture is also a way to present science as a 
selectively and sequentially organized body of knowledge. In organizing a lecture, 
a teacher must take into account the knowledge the students have previously 
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acquired, their cognitive structure, and the structural organization of the subject 
matter under consideration. 
 
A teacher’s lecture notes can be in prose form, or they can consist of a skeleton 
outline of key points that serve as a reminder of what should be covered. Many 
teachers feel comfortable when delivering a lecture only after they have written 
the complete lecture in prose form. There are several reasons why a teacher many 
want to use this form. Teachers who are presenting new material gleaned from 
several sources may want to write out the complete lecture to ensure that they will 
cover all the information and cover it correctly. Lecture notes of this type can be 
used more than once and can also be revised periodically to keep them up to date. 
Teachers who are uneasy about lecturing may want to write out a lecture in prose 
form before delivering it. Having the lecture material before them gives them the 
security of knowing that all the information is available in case difficulties arise. 
There must also be reminders where media and visual materials are to be used 
during the course of the lecture. 
 
Some teachers, especially experienced ones, use an outline of the lecture to serve 
as a reminder of the points to be covered. These teachers are comfortable with 
their knowledge of the content and need only a skeleton outline to guide them 
through the lecture. These outlines usually take the form used to write a term 
paper, which includes a title and main headings, with the key terms and ideas 
organized under these headings. They may also identify places during the lecture 
where visual aids will be used. 
 
4.2 DISCUSSION TECHNIQUES 
 
For the process of discussion teacher can use many techniques. Kinne (2000) 
has suggested the following types of classroom discussion:  
 
4.2.1 Small Groups  
 
Small groups have fewer than 20 members, making it easier for people to actively 
participate. They meet as small gatherings or as break-outs of large meetings and 
offer many opportunities for creative, flexible interchange of ideas and lively, 
meaningful participation. Small group discussion in usually preferred for 
classroom discussion. Size will depend on time and the sensitivity or complexity 
of the subject. In most cases each group selects a reporter to summarize its 
discussion. Haugen (1998) has given some suggestions for small group 
discussion:  
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1.  Make a safe place. Students don’t contribute to a discussion if they are 
afraid that they will be ridiculed for what they say.  

2.  Small group discussion is useful when there are clear learning objectives. 
Teacher should have clear objectives for the discussions and communicate 
them clearly. It's helpful for the teachers and students if the objectives are 
stated in "action" terms. Useful objectives relate to what students should 
know, understand, be able to apply, or use effectively. The memorization of 
a list of facts or dates is not in itself a very useful objective but being able to 
identify how current events both resemble and differ from an historic event, 
for example, would be a workable objective.  

3.  Teacher should formulate and communicate his/her expectations of the 
students. Will they be graded on participation? So, there should be clear 
expectations for what is expected from the students and how they will be tested. 
Students also need to understand what they will have to know, how well they 
need to know it, and how they will have to demonstrate what they know.  

4.  Avoid yes/no questions. Ask "why" or "how" questions that lead to 
discussion and when students give only short answers, ask them to 
elaborate. Also, avoid questions that have only one answer.  

5.  Don't fear silence. This may be the most difficult thing to do but it's 
absolutely essential. When small group discussion is facilitated, teacher 
tends to feel that a lack of response within one or two beats is stretching into 
an eternity. But even if teacher has posed a very interesting question or 
situation, the students will need some time to think and formulate a 
response.  

6.  When possible, set up the room for discussion. A circle works best, 
especially if the group can sit around a table. If it’s difficult to re-arrange the 
furniture; then teacher should move around the room, sit among the 
students; become a discussion participant rather than a teacher.  

7.  Get to know the students' names and who they are. Students are more likely 
to be engaged with the group if addressed by name rather than by being 
pointed at. If a teacher knows the interests, majors, experiences, etc. of the 
students, it becomes much easier to think of ways to involve them.  

8.  Participants should be provided positive feedback. Feedback can be a good 
means of getting through a lull in the discussion also. A recap of what has 
been discussed so far helps to reinforce main points, and often stimulates 
further discussion.  

9.  Show enthusiasm for the subject. Students can’t become interested in a 
discussion topic for which the instructor shows no enthusiasm. If teacher is 
interested in the subject, then it will help him to discover what students 
think and feel about it.  
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10.  Teach students how to participate. Many of them may have had little or no 
experience with small group discussion, and most of those who have 
experience have never been taught how to do it well. Teacher could prepare 
a handout for his students or assign a project that involves their preparing 
information for the rest of the group about small-group communications.  

11.  Ease students into discussion. One tactic is to arrive at the classroom early 
and engage the first students to arrive in "chit chat" about the weather, a 
recent sports event, something in the news, etc. The point is to get students 
comfortable and talking so that to make them at ease into the subject for the 
day. This will also help teacher to establish the idea that discussion is a 
natural process, not cruel and inhuman punishment, or something with 
which they have no experience.  

12.  Teacher should also clarify his role as a discussion facilitator. If a teacher is 
uncomfortable, his students will also be uncomfortable.  

13.  Provide opportunities for students to talk to each other in smaller, 
unsupervised groups so that they get to know each other and become 
comfortable with sharing ideas. Instructor can do this with small "break-out" 
groups which are assigned a specific task about which they will report to the 
larger group. Students can also be assigned group projects, encouraged to 
form small study groups, or have the class form interest groups which are 
responsible for contributing something related to their particular interest 
periodically. The point is to encourage interaction that is not under the 
watchful eye of the instructor and helps students to become comfortable 
with each other.  

14.  Manage both process and content. This is often rather difficult at first but 
becomes much easier with practice. Good discussion is as much about 
process as it is about content and if teacher concentrates on one but neglects 
the other, he is likely to have problems. To a great extent, teacher will need 
to take his cues from the students. While instructor is part of the discussion, 
he has the added responsibility of monitoring it as well.  

15. Listen, learn, and adapt. There is no single prescription for all groups. Much 
like individual people, groups have individual characters and teacher will 
need to adapt his style to them as much as is comfortable for him. If 
instructor can be open to those differences, they will become part of what 
makes teaching an interesting challenge year after year after year.  

 
4.2.2 Buzz Groups  
 
In buzz group every member of a larger group is directly involved in a discussion 
process. Participants discuss in pairs for a limited period. This method is 
especially effective for articulating ideas in preparation for a general discussion or 
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to give expression to personal response to a film, presentation, or experience. 
After talking in pairs, couples might be asked to combine in groups of four and 
compare their opinions. (Lesmeister, 2011).  
 
In buzz groups the learners are divided into small groups, usually two or three. 
These small groups meet for a short period to consider a simple question or 
problem. The ideas, thus exchanged, may then be presented to the other participants 
by each of the small groups in turn, so promoting further discussion. Buzz groups 
are devised to enable every person in a group to seek advice from other members of 
a group, to produce fresh ideas on a topic and to resolve a clashes within a group. 
There is a discussion leader who poses a simple question or problem. This is 
discussed by the small groups for a limited period (up to three minutes) without any 
time for preparation or reflection. A representative of each small group then reports 
briefly to the other participants. This method is equally effective for small and large 
groups. For small groups, it can be used to consult all the members of a group on a 
precise question. It can be applied to settle a conflict between members of a group. 
Or it can be used to produce fresh ideas on a topic or a problem. In all these cases, it 
can be used within a group which is already discussing a topic, or is about to 
discuss a topic. On the other hand, it can be used with a much larger group at the 
beginning, or during a talk. In such a case, the participants simply turn to face one 
another, making small groups of two or three people, without too much disturbance, 
or rearrangement of the chairs. After the discussion, they turn to face the speaker 
and report clxii their findings. It is worth noting that a similar method (known in 
French as 'Six Six') involves larger groups of up to six people, discussing a topic for 
up to six minutes (hence the title). This can also be used at the beginning of, or 
during a talk (The Scout Association, 1999).  
 
Lesmeister (2011) has given the role of facilitator in buzz group. He has indicated 
that the facilitator should split the large group into smaller groups (3-5). Then he 
should present a problem or pose a question for the brainstorming of the groups. 
Every group should be given 5-10 minutes. To discuss simple topics, each group 
should be given 5 minutes, and 10 minutes for difficult or complex topics. 
Afterwards, each group should be encouraged to report (1-2) key thoughts from 
their discussion.  
 
4.2.3 Talking Circle / Word Wheels  
 
The whole class is divided into two groups; these groups sit together in one 
circle; one group sits in a circle facing outward and the other facing inward so 
that each person faces someone else. The participants of these groups then 
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share their views on a given problem/topic. The facilitator sets a time for 
discussion session and then asks questions from everyone on the inside to 
move one seat to the right and discuss with the new person sitting opposite. 
This process continues until each person has changed views with several 
others (Kinne, 2000).  
 
4.2.4 Talking Tickets  
 
Talking tickets provide every student an equal opportunity to speak. Each 
participant is given three talking tickets, each representing a certain amount of 
"air time." Once someone has used all her or his tickets, that person has no further 
opportunities to speak. This technique not only encourages students for critical 
thinking, time management and confidence, but also gives every student an equal 
opportunity to speak. Whole class is involved in discussion and more talkative 
and less talkative students are given equal chances to speak (Kinne, 2000).  
 
4.2.5 Think-Pair-Share  
 
This technique was introduced in 1981 by Professor Frank Lyman. This strategy 
is based on the idea of co-operative learning and peer interaction. It is considered 
as a foundation stone for the development of cooperative classroom with a basic 
purpose to develop thinking skills, increase information and develop 
communication skills among students. The core of this method is ‘wait or think’ 
time, which improves students’ responses to questions. It is an effective and 
simple strategy, useful from early childhood through all consequent stages of 
education. It has a very flexible structure, which has been utilized in variety of 
ways for various learning purposes. It helps students to share information, 
develops effective listening ability, questioning skills, summarizing others’ ideas, 
reinforces positive interdependence, enhances individual accountability, promotes 
equal participation, increases simultaneous interaction and develops paraphrasing 
ability. There are four steps in think-pair-share technique:  
• Problem: Teacher asks students an open-ended question or poses a problem 

to which there may be a variety of answers.  
• Think: Students are given ‘think time’ and are directed by the teacher to 

think about the problem or question.  
• Pair: Students utilize the ‘think time’ and turn their faces to their learning 

partner and work together to share ideas, discuss, clarify, challenge and 
arrive at possible solutions.  

• Share: The pair then shares their ideas with another pair, or with the whole 
class. It is important that students need to be able to share their partner’s 
ideas as well as their own (Ledlow, 2001).  
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The above discussion indicates that in the think-pair-share technique, participants have 
time to write or simply think on their own about a critical question; they then link with 
one other person to discuss and then bring their reflections to the entire group.  
 
4.2.6 Write Around  
 
In this method, the discussion is carried out in written form. It is also called silent 
discussion. Teacher poses a key question and asks students to write a response at 
the top of a page. Each paper is then passed to the person on the right, who reads 
the first statement and responds to it by writing something below. This process is 
repeated until three or four people have had an opportunity to respond. Then 
students pass the papers back to the left so that everyone can see what has been 
written on the pages. Because the facilitator does not see what participants write, 
this method can enable them to express views they might desire to keep from the 
facilitator (Kinne, 2000).  
 
4.2.7 Guided Discussion Method  
 
Guided discussion method helps the instructor to query the student on a certain 
topic to assess the knowledge and learning of student that what the student knows, 
and what he does not know. In this method, teacher “draws out” information and 
encourages students’ questions. There are different types of questions in guided 
discussion method:  
1.  Overhead/How/Why: This category of questions is directed to the whole 

group.  
2.  Rhetorical: Rhetorical questions prompt group thought and thinking.  
3.  Direct: direct questions are asked of a particular student.  
4.  Reverse: In response to a question, another question is asked.  
5.  Relay: Relay the question to the group if asked by a student.  
 
• Discussion: The instructor should try to keep students focused on topic. It 

demands attention from the instructor and continual evaluation of students’ 
knowledge.  

• Summary: Before moving to the next section, the instructor should 
summarize previous section.  

• Conclusion: Review and recap is indispensable in guided discussion to have 
an idea what was covered in the discussion. This will help the student grasp 
the “larger picture.” The instructor should clarify any questions (Kinne, 
2000).  
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It indicates that the guided discussion method has a clear meaning and is designed 
for specific purpose to stimulate thought of students by relating new information 
with previous knowledge. 
 
4.2.8 Reflective Discussion Method  
 
Weeks (2011) highlighted that in reflective discussion method, the teacher 
generates a structuring device or key question. The students are provided with a 
series of points by the teacher which they have to bring up during the discussion. 
Students are then encouraged to prepare potential questions around those points. 
The teacher uses questioning technique to encourage students to deeply 
investigate the topic. It may be a topic which allows students to defend their own 
values; however, they should be observed so that the values of other students will 
not be threatened. In addition, the teacher should refrain from allowing his/her 
values to dominate the discussion. The teacher also shares the control and 
direction of the lesson with the students. This fosters student to student 
interaction. For the conclusion, the teacher re-asks the main question and lets 
students respond by summarizing their opinion as an answer to the question. The 
students then defend their opinion with reasons and information obtained from the 
discussion, as well as with their prior knowledge of the subject. A teacher 
summary and reiteration of the lesson's significance concludes the discussion.  
 
Example  
1.  Teacher presents the structuring question, for example the teacher may ask; 

“What measures should we adopt to overcome poverty in Pakistan”.  
2.  The teacher allows the students to answer the question together. The 

students are allowed to question one another, ask for clarification and 
justification as necessary, in order to challenge each other to be precise and 
accurate with suggestions they introduce.  

3.  The teacher's role becomes one of facilitator. He/she asks clarification and 
justification questions, encourages all to participate, and points out their 
contradictions in logic as the students interact.  

4.  In conclusion, the teacher gets students to respond to the main question, and 
the discussion concludes with a statement of what was learned and why the 
discussion is useful and important to them (Kinne, 2000).  

 
Green (2000) has also suggested following types of discussion: clxv  
 
4.2.9 Turn to Your Neighbor  
 
This is used when there are easy answers to questions and teacher wants quick 
response. It contains simple structure in which a question is asked; students turn 
to a classmate sitting next to them to discuss their answer. Usually, students are 
given 30 seconds to discuss an answer.  
 

115 



4.2.10 Round Robin  
 
This technique is useful when students are divided into groups (3-5 students per 
group). Teacher poses a question and students quickly go around in the circle and 
share their answers. This technique is also useful to elicit quick responses from 
pupils. Students are allowed to offer answers until teacher tell them to stop. 
Students are also given one opportunity to pass on answering. At the end, group 
members share their ideas with the class. Teacher can randomly call on 
individuals to share and allow the others in the group to clarify what was said.  
 
4.2.11 Line-Ups  
 
In this technique, students are lined up to some standard, such as height, weight, 
birthdays or alphabetical order. The teacher poses a question. At this point, the 
line is folded in a way that the member at the ends move together to form two 
lines facing each other. Students then discuss with the person in front of them. 
Teacher can then have volunteers share with the entire class or students can be 
randomly called. This technique fosters great discussions by allowing students to 
move out of their seats and to talk with a diversity of students.  
 
4.2.12 Value Lines  
 
This technique requires the longest to carry out. It is used when teacher wants 
pupils to acquire a stance on a problem. When teacher posits a questions or an 
issue, then students stand on one side or the other of an imaginary line. One side 
of the line is for those who agree with the statement, and the other side is for those 
who disagree with it. Then students on the either side of the line turn to each other 
and discuss why they agreed or disagreed with the statement. Then each pair turns 
to another pair across the line and discusses their agreement and disagreement. 
Students can be randomly called to share what they heard from individuals with 
different opinions from theirs. This technique also allows students to move out of 
their seats and expose a variety of different opinions. In this technique, 
monitoring of students is a challenging task for teacher.  
 
4.2.13 Jigsaw  
 
In this technique, material or work is divided among each member of the group. 
Every individual has a portion of the required task and no one has everything that 
is needed to complete the task. Teacher usually uses this method to divide an 
assignment so that each group member takes a part. Students share their 
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information within the group members. Group members need each other to obtain 
the full experience. clxvi  
 
4.2.14 Sharing Limited Resources  
 
Sharing limited resources is another way to create positive interdependence. 
Giving one paper/book/quiz/poster/markers/assignment/ to a group helps draw 
group members together to complete an assignment. Limiting resources is 
important not only in light of budget constraints but is also the best way to 
increase the chances that cooperation will occur within the group.  
 
4.2.15 Question and Answer Pairs  
 
Teacher seats the class in circle and divides students into question and answer 
pairs. These pairs ask and answer questions on assigned reading or as a great 
review activity before a test. These pairs are assigned numbers 1 and 2. The "1’s" 
are told that they will not be moving. The "2’s" are told that they will be moving 
throughout the activity. Teacher then asks questions and students in 1s and 2s pair 
up, and sort out the best answer for the question. Teacher needs to check the 
amount of time before the "2’s" are told to move to their left, and meet the next 1. 
They then answer the next question on the review sheet. This continues as the 2’s 
circle around the room until they are back at their own original seat. Students 
should be encouraged to place a check/asterisk by any questions that they are sure 
of. Those that they do not feel confident on, they can revisit on their own studies. 
The students receive the benefit of being able to talk to each other one on one.  
 
4.2.16 Advanced Preparation Pairs  
 
Students are to write a short analysis paper summarizing the vents/ 
relevancy/opinion of an assigned reading for class. Students bring copies of the 
paper to the class. The members of their base group or discussion pair will listen 
to the team member read the paper, then edit, and evaluate the paper. Criteria for 
review can be predetermined by instructor, class, or peer group. Each group can 
select the "outstanding" paper as they deem it, then in large group it can be 
discussed as to why it stood out from the others.  
 
Above discussed different types of classroom discussion not only provide an 
opportunity for the teacher to improve teaching learning process, but also 
motivate students to develop critical thinking skills and develop interest in 
learning. 
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Activity No.3  
 
Identify below statements as true/false (T/F):  
 
1.  Small groups have more than 20 members.   
 
2.  In buzz groups, only the group leader is involved in discussion.    
 
3.  Discussion method in which class is divided into two groups which sits 

together in one circle is called Talking circle/Word Wheels.    
 
4.  In Talking Tickets, every student is provided three talking tickets.  
 
An effective question is that which is suitable for the subject, contains an 
objective, organizes main and subordinate points logically, and guides students in 
their preparation. Guided discussion is effective when it is planned and followed 
by a logical sequence. Below is the structure of guided discussion:  
• Objectives: Before starting guided discussion, the instructor should have 

clear objectives.  
• Introduction: The instructor should introduce the discussion simply by 

posing a question or telling of a story to help get the discussion off the 
ground.  

 
4.3 GENERAL RULES FOR LEADING A LARGE GROUP DISCUSSION 
 
Some general rules to follow in using discussions are: 
1. Create an atmosphere in the class in which questions are not only welcomed 

but expected. Be warm, open, and receptive. 
2. As much as possible, include students’ interests. 
3. When you give reinforcement, do it positively as often as you can. Use very 

little negative feedback, say: “That’s a good answer,” “That’s right, you 
have the idea.” “Good you’re thinking, keep it up.” “You have something 
there.” “Who would like to react to this answer?” Do not ignore the 
students; always give recognition to their answers. No response by the 
teacher should be a form pf negative feedback. If students have the wrong 
answer, do not say: “That’s wrong,” “No, that answer is not good,” But 
rather say: “Well, that is not quite right.” “You may have something there, 
but I am not sure I understand the point,” or “Good, you are thinking: but 
that is not what I was leading up to.” 
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4. When you encourage a student to think, evaluate the product on the basis of 
his level of comprehension. Even when you, with a more extensive 
background, are aware that the idea given is either incomplete or incorrect, 
accept it or even praise it if it indicates that the students has made effective 
use of the information he was expected to know at that stage of the course. 

5. Praise a student for being a  good listener when he calls attention to a 
mistake you have made. 

6. When leading a discussion, try to remember previous comments and 
interrelate them. If at all possible, give recognition by referring to the name 
of the student who made the comment. For example, a teacher in responding 
to the idea of a student says, “Joan believes that there are other factors 
besides temperature determining the rate of expansion of a metal. George 
has just suggested that possibly humidity and air pressure may have a minor 
effect. “The teacher has acted as a summarizer for two students’ views and 
has given them recognition by using their names. 

7. Maintain a positive and accepting attitude. Your attitude in leading a 
discussion does much to determine the quality of discution. If you walk into   
a class feeling and looking very glum and with weight of the discussion on 
your shoulders, the student’s response will be mild. However, if stat a 
discussion with the attitude that and the students are going to have fun 
wrestling with ideas, the response is more likely to be impressive. In leading 
a discussion with adolescents, you must be able to laugh at yourself: discreet 
use of humor captures interest and gains participation. 

8. When questions arise for which science does not yet provide an adequate 
explanation, state that, as yet, there is no answer. This gives students insight 
into avenues of research which we still need to explore. 

9. When necessary, restate a student’s answer before going on to your next 
remarks, Doing so often gives other students time to think about their 
answers. 

10. Call on both students who are willing to answer and those who are not. 
11. Do not rush discussions. Remember that the major reason for having them is 

to give students time to think. When there is silence during a discussion, this 
may be the period where most of the thinking is going on. Remember that a 
desirable wait-time averages five seconds. 

 
Breaking the class into smaller groups can also provide variety. A sample design 
for this type of discussion is found in the “Teaching Science Activity: Small 
Group Problem Solving,” on page 454. 
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Discussions 
 
1)  What are the advantages of discussion over lecture? 
2) How can a discussion be used as an approach to inquiry? 
3) How can you motivate students during a discussion? 
4) Choose some topic and outline how you would present it in a discussion. 
 
4.4  SPECIAL PRECAUTIONS IN LEADING A DISCUSSION 
 
At times the following suggestions are proper, but the teacher should give serious 
consideration to their potential disadvantages as well. 
 
1. Toss a question back to a class when it is asked of you. Have another 

student repeat the question in its entirety. Ask a student to research an 
answer to the question on his own. 

2. Encourage the entire class to take notes. 
3. Avoid the appearance of carrying on a private conversation with the person 

who asked the question. 
4. Deliberately let your eyes roam over the entire class while giving the 

answer. 
5. Use questions requiring hypothesis formation. 
6. Avoid sarcasm. 
7. Encourage students to seek recognition before answering or have them be 

courteous of another and wait until that person finishes before they respond. 
8. Do not let students make derogatory remarks about another student’s 

question or answer, since this is demeaning to the person. 
9. Suggest an individual conference with the student when: 

a) The degree of difficulty in answering is greater than that expected of 
the class as a whole. 

b) The subject matter involved bears little relation to the key ideas being 
stressed. 

c) The answer is both detailed and lengthy. 
d) The time spent in answering the question  may destroy the question 

may destroy the sequence of thought being developed. 
 
Thoughts on Science Teaching 
Beth Schwwarzman 
Geologist and Director—Minority Participation in Earth Science 
U.S, Geological Survey  
Menlo Park, California 
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Teaching can be fun and tremendously rewarding—if you  like it. If you don’t 
like it, be a computer programmer;   there’s lots more money in it. Students are 
very aware of   your attitude,  and if you are enthusiastic about what you   are 
doing, eventually the enthusiasm will spread. 
When I teach, I try to do three things with the students in the class: 
1. I try to let them find out that science is something they can do. In 

approaching a subject with the frightening aura of “science,” it is very 
important that the students do not feel overwhelmed or inadequate. I try to 
set up the lesson so that they can succeed and feel successful. I think it is of 
particular importance that they learn to feel comfortable with the processes 
of observation, comparison, and drawing conclusions. 

2. I always give them things to handle, things to look at closely, and things to 
deal with on their own. Lectures work well at times, but if students don’t 
have a chance to see and experience scientific principles for themselves, 
they will find them less interesting and understand them less well, it is 
somewhat harder to set up a lesson this way but very worthwhile. 

3. As often as I can, especially with younger which is relevant to the subject 
under study, on the proviso that they tell someone (a little brother, a 
grandmother, a friend, or anyone they can get to listen) what it is they have 
brought home and why it is important. 

 
Until schools teach them that other pursuits are more fun, learning is what 
children do for a living. Even if they have been turned off to learning things in 
school, children are hungry to learn about the world around them which, after all, 
is science. I do not mean concepts such as Cambrian, Ordovician and Silurian or 
vertebrates and invertebrates, useful as these mental constructs can be to organize 
our knowledge, but rather the real answers to children’s questions, such as why 
earthquakes happen and how the leopard got his spots. The real hows and whys 
are what got his spots. The real hows and whys are what got you and me 
interested in science and they hold the same appeal for students in school today. 
 
I was reminded that students are turned on to science when I was crossing 
schoolyard recently and a couple of students came up to me, wanting to know if I 
was the immediately challenged with, “okay”, give us some science, “What could 
I do? I’m a geologist and I was standing in the middle of a paved playground and 
I didn’t even have any rocks in my pocket! It seemed important to respond to their 
request: I felt as though I were representing SCIENCE to them and didn’t dare 
fail. So I grabbed at a straw and asked if they had ever really seen their 
fingerprints. We talked about the similarities and differences among out 
fingerprints and they found out that they could learn something about the world 
just by looking. 
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I enjoyed teaching science, at least in part because the students enjoy it too. I 
believe that any teacher who gives children something real to learn and who has 
an enthusiasm for teaching will find that students will enjoy learning. 
 
4.5 DEMONSTRATION AND LABORATORY WORK: 

INTRODUCTION 
 
A demonstration has been defined as the process of showing something to another 
person or group. Clearly, there are several ways in which things can be shown. 
You can hold up an object such as a piece of sulfur and say, “This is sulfut,” or 
you can state, “sulfur burns: light some sulfur, and show that it burns”. showing in 
this way mainly involves observation or verification. Mr. O’Brien’s use of 
demonstration was of this type.  
 
A demonstration can also be given inductively by the teacher asking several 
questions but seldom giving answers. An inductive demonstration has the 
advantage of stressing inquiry, which encourage the students to analyse and make 
hypotheses based on their knowledge. Their motivation is high because they like 
riddles, and in an inductive demonstration they are constantly confronted with 
riddles. The strength of the motivation become evident if you consider the 
popularity of puzzles. Inviting students to inquire why something occurs taxes 
their minds and requires them to think. Thinking is an active mental process. The 
only way in which students learn to think is by having opportunities to do so. An 
inductive demonstration provides this opportunity because students answers to the 
teacher questions act as “ feedback”. The teacher has a better understanding of  
the students comprehensions of the demonstration. The feedback act as a guide 
for further questioning untill the student discover the concepts and principles 
involved in the demonstration and the teacher is sure that they know its meaning 
and purpose. 
 
Demonstrations, in addition to serving as simple observations of material and 
verifications of material in nature. A demonstration can become an experiment if 
it involves a problem for which the solution is not immediately apparent to the 
class. 
 
4.5.1 Planning a Demonstration 
 
To plan an efficient and effective demonstration requires extensive organization 
and consideration of the following points. 
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1. The first step is to identify the concept and principles you wish to teach. 
Direct the design of the entire demonstration to their attainment. 

2. If the principle you wish to teach is complex, break it down into concepts 
and give several examples for each concept. For example, photosynthesis 
involves understanding concepts of radiant energy. Chlorophyll. Carbon 
dioxide, glucose, water, temperature, a chemical change, and gases.  A 
student’s memorizing that green plants can make sugar in light with water 
results in little understanding if he does not know the meaning of these 
concepts. 

3. Choose an activity that will show the concepts you wish to teach. Consult 
the sources at the end of this chapter for possible suggestions for activities. 

4. Design the activity so that each student becomes as involved as possible. 
5. Gather and assemble the necessary equipment. 
6. Go through the demonstration at least once before class begins. 
7. Outline the questions you will ask during the demonstration. This procedure 

is especially important in doing an inquiry-oriented demonstration. 
8. Consider how you will use visual aids, especially the overhead projector, to 

supplement the demonstration. Decide on the evaluation technique to use. 
 Written techniques 

a) Essay. Have students take notes and record data during the 
demonstration, and then have them write a summary of the 
demonstration. 

b) Quiz. Have students write answers to questions or prepare diagrams to 
see if they really understood the demonstration. Stress application of 
principles. 

 
 Verbal techniques 

a) Ask students to summarize the purpose of the demonstration.  
b) Give them problems in which they will have to apply these principles 

they have learned. 
9. Consider the time a  demonstration will take. Try to  move it 

rapidly enough to keep students attentive. Prolonged or complicated 
demonstration are generally undesirable because they don’t hold the 
students’ attention. 

10. When you plan a demonstration. Do it well, with the intention that you will 
probably use it for several years? It will then take less time to prepare in the 
future. Evaluate a demonstration immediately after giving it to determine its 
weaknesses and strengths. Add any questions which will contribute to the 
inquiry presentation when your use the demonstration again. 
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Guide Lines for Effective Demonstration When giving a demonstration, keep the 
following guidelines in mind. 
1. Make it easily visible. If you are working with small things, can you use an 

overhead projector to make them more visible?  
2. Speak loudly enough to be heard in the back of the room. Do you speak 

loudly enough and modulate the tone and volume of your voice to avoid 
monotonous delivery?  When a student responds, do you ask him to speak 
up so other students can hear? Do you repeat students’ questions and 
answers for emphasis and audibility? 

3. Do you display excitement in giving the demonstration? Do you make it 
come alive? A good demonstrator is somewhat of a “ham.” He uses 
dramatic techniques to excite and involve his students. The way in which a 
teacher makes a demonstration come alive is as much an art as is reading 
Shakespeare well to an enraptured audience. 

4. How do you stage the demonstration? How do you start it to involve 
everyone immediately? One suggestion is to place unique objects on a 
demonstration desk. For example, a transfusion container or a van de Graff 
generator placed on a desk immediately motivates students’ inquisitive 
minds. Before you even begin, you have the student with you, wondering 
what you are going to do. 
a) Teach inductively. Start your demonstration with a question. If you 

have interesting equipment, ask your students what they think you are 
going to do with it. Spend some time just questioning about the 
apparatus. In the construction of a transfusion container, for example, 
there are several scientific principles involved, such as partial vacuum, 
air pressure, sterile conditions, nutrient for the cells placed in the 
bottle, and anticoagulants to prevent clotting of the blood. 

b) Ask questions constantly about what you are going to do, what’s 
happening, why they think it is happening, and what the demonstration 
is proving or illustrating. 

c) Know the purpose of what you are demonstrating. Use your questions 
as a guide only. The questions you have anticipated may be excellent, 
but also be ready to pick up suggestions from the questions students 
ask while they are observing the demonstrations.  

d) Give positive reinforcement always recognize a reply|: “Say, I think 
you have something there.” “Good, you’re thinking” “What do the rest 
of you think of john’s remarks?” When a student gives a good 
explanation, compliment him. Seldom react negatively to a student’s 
answer. Don’t say, “That’s wrong.” 

e) Rather say, “It’s good you’re thinking, but your answer is not quite 
right.” 
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5. Allow at least three seconds for students to reply to your questions. This 
wait-time is important so that the students may think and reason about the 
demonstration. 

6. Use the blackboard to describe the purpose of the demonstration. Verbal 
explanations are seldom enough. Any picture or diagram you make on the 
board immediately attracts the students’ attention. Remember that your 
students have lived in a TV-centered environment; as soon as they see a 
visual representation on the board, they are drawn to it. A beginning teacher 
often fails to realize or ever consider how the black-board can complement 
the learning activity. 

7. At the conclusion of the demonstration have a student summarize what has 
occurred and its purpose. This summation helps to fix the purpose of the 
demonstration in the minds of the students. 

8. Evaluate your lesson---orally or in a written summary. 
 
Ways to Present a Demonstration 
Of the several ways in which a demonstration can be given, a teacher-centered 
demonstration is seldom the best way because it does not provide enough student 
involvement. When students participate actively in giving a demonstration, they 
are more interested and, consequently, lean more. 
 
4.6 DEMONSTRATION VERSUS INDIVIDUAL EXPERIMENTATION 
 
Planning a Demonstration 
A demonstration is a performance and many factors must be considered before the 
event takes place. One of the first things a teacher has to decide is whether the 
strategy is the best way to handle a particular topic. After this has been decided, 
then factors such as gathering suitable equipment, visibility, audibility, student 
participation, contrasts, and climaxes have to be well planned by the teacher in 
order to have a successful demonstration. 
 
Preliminary Considerations 
The first thing that a teacher should consider when planning a demonstration is 
whether the strategy, with all of its disadvantages, is the best way to address a 
certain topic. It certainly would be inadvisable, for instance, to use the 
demonstration to show students the test for the presence of stretch in 
carbohydrates using iodine when a laboratory exercise would be more effective. 
In this instance, visibility must be taken into consideration because the results of 
the test cannot be seen easily by students seated in the back of the room. Also, the 
exercise is not costly nor dangerous for students to perform. 
 

125 



A second point to consider is whether the topic lends itself to the demonstration 
strategy. Are there elements of surprise or suspense? Will the demonstration take 
place at a reasonable pace? Is there enough variety to maintain interest while the 
procedure is taking place? Are there long periods of inactivity (e.g., boiling water 
or extensive filtrations)? 
 
A third consideration is the size of the materials. Can the equipment be seen by all 
students? A demonstration is useless unless all students can see what is taking 
place step by step and observe the results so they can draw their own conclusions. 
 
Remember that a demonstration is presented because it may result in benefits to 
students, not because it can fill in a gap in a lesson. The demonstration has to be 
planned so that its primary objective is to produce permanent changes in behavior 
in students. 
 
Gathering the Equipment 
Equipment should be planned and gathered well in advance for a demonstration. 
Last-minute preparation and searching for apparatus may prove frustrating and 
cause either a delay in the presentation or no presentation at all. Often, existing 
equipment found in the science classroom, laboratory, or home is readily 
available for demonstration purposes, in some cases special equipment is needed 
that must be purchased or constructed. 
 
Most important is the size of the equipment. Is it large enough so it can be seen by 
all students in the class? The determination of whether an activity should be 
conducted as a laboratory exercise or a demonstration can often be based on the 
size of the equipment to be used. Activities requiring small-scale materials are 
better conducted as laboratory exercises rather than as demonstrations, unless cost 
and safety are factors. 
 
Ensuring visibility 
Small items should not be used for demonstration purposes unless the teacher 
makes special provisions to make them visible. Often overhead projectors are 
used for this purpose. Simple but large-scale apparatus are best for 
demonstrations, but even when large equipment is used, the teacher must take 
care to ensure that small and important details are made visible to students. 
 
The position of the materials on the demonstration table has to be arranged to 
avoid blind spots. Some blind spots are due to the relative positions of the 
students to the table and some are caused by the way materials are placed on the 
table. Before presenting a demonstration, the teacher should view the setup from 
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various areas in the classroom to determine whether there are problems in 
viewing. 
 
The background behind the apparatus is an important consideration. A partially 
erased chalkboard makes a very unsuitable background; on the other hand, white 
or colored cardboard or cloth backgrounds with suitable supports provide 
adequate contrast for viewing. 
 
Along with background, proper lighting is also necessary. Backlighting to 
silhouette the apparatus can be very effective when demonstration materials. A 
brilliantly lighted backdrop behind an apparatus will increase the contrast between 
opaque and transparent objects. 
 
Spotlights properly arranged to focus on demonstration apparatus can produce 
unusual results. In addition, color filters used with stoplights can result in 
dramatic effects. In instances where spots are available in the classroom above the 
demonstration, side lighting may be needed to help students distinguish various 
elements of the apparatus. 
 
A demonstration setup can also be arranged in areas other than the demonstration 
table. Setups on low tables or the floor permit students to view them from a 
different perspective. Materials suspended from the ceiling permit an upward 
view. Large-scale materials can also be assembled outdoors where students can 
move around them. 
 
Focusing Student Attention 
The demonstration should be set up in an uncluttered setting to allow students to 
focus their attention on the details of the procedure. Some teachers start with a 
bare demonstration table and then proceed to remove needed items from a 
container or other source. Items taken from a box, the contents of which are not 
visible can introduce an element of surprise, for students will continue to wonder 
that will be removed next and how it will be used in demonstration.  
 
If a large-scale apparatus is required for the demonstration, some teachers 
assemble it first and then cover it with a cloth or large cardboard box so students 
cannot view it when entering the room. The students will automatically focus 
attention on the “unveiled” setup. 
 
Another technique used to focus attention on the demonstration is to set in 
operation, before class begins a scientific novelty or device that is used for the 
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demonstration. The students will immediately become interested in what is to take 
place during the lesson. 
 
Trying out the Demonstration Beforehand 
Last-minute preparations will normally result in confusion and difficulties. As 
mentioned earlier, a teacher who scurries about looking for a piece of equipment, 
or cuts a piece of glass, or Looks for misplaced Chemicals during a demonstration 
will lose students’ attention and valuable class time. Material should be available 
to permit the demonstration to go smoothly. 
 
Unexpected complexities can arise even during a simple demonstration. A 
damaged Pulley order dry cell can sabotage demonstration. The only way to be 
certain that a demonstration will proceed smoothly is to set it up before hand, try 
it out and then use the same material during the actual presentation. The 
availability of backup material such as additional dry cells, pulleys , and glass 
ware will often allow the demonstration to proceed as planned without problems. 
One cannot overemphasized the importance of trying out the demonstration well 
in advance to be certain that it will proceed smoothly when it is actually 
delivered. 
 
Presenting a Demonstration  
A demonstration by its very nature will allow only a few students to actively 
participate during the procedure. Consequently, the teacher is faced with problems 
that are different from those encountered in laboratory work and other strategies. 
 
Establishing the Purpose of a Demonstration  
The recognition by the students of the purpose of the demonstration is essential to 
assure maximum participation and to obtain the desired outcomes. The purpose of 
demonstration should be kept as simple as possible and given in short, direct 
statements. All statements of purpose, complex or not, should be written on the 
chalkboard or overhead projector. Verbal statements are Adequate unless the 
demonstration deals with the situation of special interest to the students. For 
example a Demonstration that has the promise of an explosion, odd sounds, or 
other annual event will automatically permit students to accept the purpose of 
demonstration. Students enjoy spectacular and unusual events during a 
demonstration. They also like the feeling of suspense. 
 
 Interesting problems often arise from the action of the demonstration materials 
themselves. The students will discover the purpose of demonstration from these 
problems. 
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4.7 DIFFERENCE BETWEEN DEMONSTRATION AND EXPERIMENT 
 
Science demonstration and experiments are two different types of teaching 
strategies with different goals. Many people use these terms interchangeably. 
Demonstrations are teacher centred whereas experiment is student centered 
strategy.  In demonstration strategy students do not do anything; they only see 
what is happening. Students see the principles of the science. In experiment 
students observe the pattern of discovery known as scientific method. Teacher 
introduces the students a science process by showing different aspects of any 
science process. Very often there is a fear of students’ passiveness.  An 
experiment is a trial for the purpose of verification of knowledge, or discovering a 
new thing. The role of teacher changes in experimentation, teacher play a role of 
facilitator. The student makes hypotheses and tests them through experimentation. 
As the student builds his scientific knowledge base, he increases his ability to 
make an educated guess at the outcome of a scientific test.  
 
4.8 GUIDELINES FOR EFFECTIVE DEMONSTRATIONS 
 
As demonstrations are teacher centered teaching strategy, and students are very 
often passive learners, hence demonstration can be made effective by following 
some principle guidelines. 
 
Following guidelines may help for making the demonstration effective: 
• Encourage discussion 
• Review what students have already read or studied. 
• View the students interests 
• Stimulate participation. 
• Evoke critical thinking 
• Personalize subject matter 
• Questioning techniques 
• Participate the students in demonstration strategy. 
 
Educations have stressed the importance of self-instruction and less reliance on 
large-group or class instruction. Education should be preparation for life and part 
of that preparation must be to ensure that the individual continues to learn long 
after formal education. Demonstrations should play a lesser role in science 
instruction, with individual student investigation receiving top priority.  
Demonstrations can be justified for the following reasons 
1.  Lower Cost: Less equipment and few materials are needed by an instructor 

doing a demonstration. 
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2.  Availability of Equipment: Certain demonstrations require equipment not 
available in sufficient numbers for all students to use. 

3.  Economy of Time: Often the time required to set up equipment for a 
laboratory exercise cannot be justified for the educational value received. 

4.  Less Hazard from Dangerous materials: A teacher may more safely 
handle dangerous chemicals or apparatus requiring sophisticated skills. 

5.  Direction of The Thinking Process: In a demonstration, a teacher has a 
better indication of the students’ thinking processes and can do much to 
stimulate the students to be more analytical and synthetic in their meaning. 

6.  Show the use of equipment. An instructor may want to show the students 
how to use and prevent damage to a microscope, balance, oscilloscope, etc. 

 
Self Assessment questions 
 
Q.1 Explain the concept of demonstration 
Q.2  How will you plan a demonstration for your subject. 
Q.3  Differentiate between individual experiments and demonstration. 
Q.4  Device guidelines for effective demonstration 
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INTRODUCTION 
 
Inquiry investigation strategies are thought to be effective for science teaching. 
Because enquiry and investigation strategy provide that opportunity to the 
students to take active participation in the teaching learning process teaching 
science through enquiry and investigation required that student ask questions and 
figure out things for themselves. 
 
In this unit definition of inquiry and investigations is given and distinction 
between inquiry and investigation strategy is explained. In addition, this unit also 
describes the role of a teacher in inquiry and investigation and necessary 
conditions for inquiry teaching. 
 

OBJECTIVES 
 
It is hoped that after the completion of the this unit student teacher will be able to; 
1. Explain the effectiveness of enquiry and investigation strategy for teaching 

of science 
2. Distinguish between enquiry and Discovery strategy; 
3. Describe the types of inquiry and investigation strategy; 
4. Identify the role of teacher in inquiry lesson. 
5. Make a lesson plan based on enquiry method. 
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INQUIRY 
 
Inquiry is a process model of instruction based upon learning theory and 
behaviour. To open it is confused with open ended, undirected activity which is 
assumed to stimulate scientific activity. This is not the case. Inquiry results 
wherever and whenever stimuli challenge the existing Expectations of the 
participant. The situation may occur in a well equipped laboratory. But it may 
also occur in a well planned and produce lecture, of stimulating reading, 
assignment, or a simple novel situation. The emphasis  of inquiry is not the mare 
acquisition of science knowledge or the production of scientist. It is rather and 
Emphasis upon how humans process information in order to make intellectual 
decisions of all sorts.” 
 
Some authors writing on the subject of inquiry make a distinction between general 
and scientific enquiry. Specifically, scientific inquiries define the following terms: 
 
Scientific inquiry is defined as systematic and investigative activity with the 
purpose of uncovering and describing relationships among objects and the events. 
It is characterized by the use of orderly, repeatable process, reduction of object of 
Investigation to its most simple scale and form, and the use of logical Framework 
for explanation and predictions. Operations of inquiry include observing, 
questioning, experimenting, comparing, interfering, in generalizing, 
communicating, applying and others. 
 
Scientific enquiry has also been defined as “a systematic investigative 
performance ability which incorporates and restrained inductive thinking 
capabilities after a person has acquired abroad and Critical knowledge of 
particular subject matter through formal learning processes.” 
 
Some authors believe that, in the secondary schools particularly, inquiry teaching 
is a way of developing the mental processes of curiosity and investigation so that 
students learn how Information is obtained. Others authors  believe teachers 
should not use scientific inquiry in the classrooms of the secondary school . They 
believe that it is a mistake to leave students to think that they are acting like 
scientists when in fact they may know may only be exhibit in general inquiry 
characteristics. They also believe that true scientific inquiry cannot be done until 
one knows the subject very well in advance, which would be limit it to graduate 
students and laboratory researchers. The authors believe that it is necessary to 
introduce children in the secondary schools, and perhaps even earlier, to the ideas 
of inquiry and investigation, even though they may not know much science before 
they have this instruction. See the teaching science activities on page , for 
example of classroom exercises designed for students with minimal science 
backgrounds. 
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5.1 DEFINITION AND CONCEPT OF INQUIRY APPROACH 
 
To “inquire” is to ask about something; to search into it, especially by asking 
questions, and to investigate something. 
 
The term “inquiry” as we use it in our everyday life, refers to a process of finding 
information or knowledge which was not known before. The term inquiry is used 
for a serious search for information and to propose explanations or solutions of 
problems. So it is referred to a more rigorous approach to collect information. 
When used with reference to science it means what scientists do to find out about 
natural world and to propose explanations of natural phenomena based on 
evidence. You have read that science is both a way of knowing and a body of 
knowledge. What underlies scientific way of knowing constitutes scientific 
inquiry. How scientific inquiry is conducted, what are the rules regarding what 
should be accepted as evidence? How the conclusions should be drawn? What 
methods or techniques should be used to collect information? All these rules and 
methods are developed by practicing scientists and described by philosophers of 
science. The branch of philosophy which deals with nature of knowledge and how 
knowledge is generated is called “epistemology” 
 
A definition of scientific inquiry given by National Research Council of America, 
describes scientific inquiry as follows: 
 
“Scientific inquiry refers to the diverse ways in which scientists study the natural world 
and propose explanations based on evidence from their work”. (NRC, 1996, p. 23) 
 
The following important points to note in this definition: 
• Scientists use many methods for scientific investigation; hence there is not a 

single method with fixed steps which can be labeled as “the scientific 
method”.  

• Scientists propose explanations of natural phenomena and draw conclusions 
on the basis of evidence which they collect through investigation. 

• Scientists apply science process skills to conduct inquiry. 
 
5.1.1 Types of Inquiry 
 
There are four types of inquiry:  Open, Guided, Coupled & Structured. 
 
a) Open Inquiry 

• Build upon prior experiences and inquire about the overarching 
concepts 

• Display the tools, materials • Begin with the student’s question 
• Continue with student(s) designing and conducting the investigation or 

experiment 
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• Complete the learning cycle by communicating the results 
The students have a prior experience with a set variety of tools and 
materials. The teacher then displays these tools and materials and asks the 
students what questions they could devise using the materials provided. 
Students formulate testable questions, devise a plan using the materials, 
carry out their investigation and record and analyze their data. Students use 
the data to make a generalization or conclusion or further question and share 
the process and outcomes with peers. 

 
b) Guided Inquiry 

• Teacher selects the over arching question 
• Whole Class or groups of students work to assist in developing the 

laboratory procedure and learn specific skills needed for future open-
inquiries. 

• Using the data gathered or provided, students generate explanations 
• Findings and claims are communicated 
When the more complex concepts cannot be investigated directly in the 
classroom, teachers can provide applicable scientific data from a variety of 
sources to use in the guided inquiry. 

 
c) Coupled Inquiry 
• Teacher chooses the first question to investigate—specifically targeting a 

standard or set of benchmarks  
• After the guided inquiry, students engage in an open or full inquiry  
 
d) Structured Inquiry 
• Students follow teacher directions to come up with a specific end point or 

product 
• The teacher asks the class to discuss the results when the inquiry is complete 

 
5.1.2 Characteristics of Inquiry  
Scientific inquiry differs greatly from general inquiry that we sometimes conduct 
to find information. It differs with respect to the phenomena scientists investigate 
and also the method they use to collect the required information and how they 
draw conclusions, the logical and critical approach they use. There is a common 
understanding among the scientists about what constitutes an investigation that is 
scientifically valid. 
 
We often read about steps of scientific inquiry or scientific method however, there 
is no fixed set of steps of conducting scientific investigation. There are, however, 
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certain characteristics of scientific investigation that make it a distinctive mode of 
inquiry. It is important to note that although scientific inquiry is a special form of 
investigation yet it can be applied in many matters in our everyday life.  
 
Wayne Welch, a science educator at the University of Minnesota, USA, has 
identified five characteristics of the inquiry process as follows: 
 
i- Observation 

Observation is the starting place for inquiry. However, to make relevant, 
complete and accurate observations it is essential to ask the right type of 
questions. What? Why? And how are the questions that guide the observer 
in the process of observation. 
 

ii- Measurement 
Precision and accuracy is the hallmark of all scientific investigations. 
Measurement is a process skill which helps to describe the objects and 
phenomena in quantitative terms with precision and accuracy. Hence it is a 
basic and an essential process of science. 
 

iii- Experimentation 
Laboratory and experiments are considered characteristic features of 
scientific activity. Scientists conduct experiments to collect data and to test 
the hypothesis. Experiments involve a number of science process skills, for 
example, observation, measurement, classification, inference, controlling 
variables, manipulating science equipment. We can classify it as an 
integrated skill since it involves many skills. 
 

iv- Communication 
It is essential that the scientists communicate the results of his/her inquiry to 
the scientific community and also the public hence it is an essential part of 
the inquiry process. The importance of honest and truthful reporting of the 
results of observation and measurements are essential in all scientific 
investigations. 
 

v- Mental Process  
Performing experiments and collecting data is one component of scientific 
inquiry. Critically analyzing and evaluating data, finding patterns in data, 
proposing explanations on the basis of data, and formulating theories are 
essential mental processes without which scientists can not generate new 
knowledge. Experts have described several thinking processes that are 
integral part of any scientific inquiry. Some of these include inductive 
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reasoning (i.e. A general conclusion is arrived at by specific examples), 
deductive reasoning (that a specific conclusion is arrived at from a general 
principle). An example of deductive reasoning is as follows: 

 
“Gravity makes things fall. The apple that hit my head was due to gravity”. 
In this example the conclusion about a specific instance has been derived from the 
law of gravity. Deduction is used by scientists who take a general scientific law 
and apply it to a certain case, as they assume that the law is true.  
 
Deductive reasoning begins from a general hypothesis or known fact and creates a 
specific conclusion from that generalization whereas, inductive reasoning, 
involves creating broad generalization from specific observations. 
 
The Scientists also use imagination and intuition in formulating scientific 
knowledge. In descriptions of scientific method the same steps, may be in a 
different sequence and including many other steps, are given as are included in 
scientific inquiry. Hence we can conclude that in scientific inquiry scientific 
method of research is used.  
 
5.2 DISCOVERY AND INQUIRY STRATEGIES DISTINGUISHED 
 
Over the last 25 years, most of the programs funded by the United States 
Government for developing modern instruction for the elementary and secondary 
schools have stress to student involvement in Discovery or inquiry-oriented 
activities. Millions of dollars have gone into constructing science and 
mathematics studies and curricula for this purpose. 
 
What is Discovery or inquiry? Many educators use these terms interchangeably 
whereas other prefer to differentiate their meanings. In our terminology, 
Discovery occurs when an individual is mainly involved in using his mental 
process to mediate or Discover some concept or principle. 
 
For a student to make discoveries he must perform certain mental processes such 
as observing, classifying, mearing, predicting, describing, inferring, etc. Many 
modern Elementary School curriculum-project materials are mainly designed to 
involve children in Discovery activities 
 
Discovery 
Discovery is  the mental process of assimilating concepts and principles. 
Discovery process includes: 
Observing  
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Classifying,  
Measuring 
Predicting 
Describing and Inferring 
 
Starting in the middle school and becoming increasingly more sophiscated as 
students progress through high school, materials are designed to stress inquiry.  
 
5.3 ADVANTAGES OF INQUIRY TEACHING 
 
1. There is a certain consensus and also some evidence that inquiry as a pedagogical 

approach is a motivating, meaningful and pedagogically rich scenario for the 
learning.  

2. It brings authenticity to the traditional classroom by involving students in reasoning 
and investigative tasks. In addition, inquiry as a teaching and learning approach is 
related often with constructivist ideas, thus involving student-centered learning, 
students’ active involvement and crucial teacher guidance.  

 
The following are the major advantages of the inquiry approach.  
• Be interested and enthusiastic  
• Get students talking to each other and learning from the peers  
• Promote the use of accurate current information resources as students research their 

learning issues  
• Establish a good learning environment for the group Students develop skills in:  
• Critical and creative thinking  
• Communication  
• Self-directed learning  
• Team-work  
• Project management  
• Problem-solving and  
• Students get to know one another better and make friends  
 
The problem lies with the assessment of inquiry instruction and major problem 
with inquiry programs is that valid acceptable measures of the outcomes of 
inquiry based learning are hard to find or difficult to interpret. Inquiry learning is 
also difficult to quickly access and analyze through testing. Multiple-choice 
questions, the preferred mode for standardized testing, are not readily adapted to 
measuring the process skills needed for critical thinking. Structured short-answer 
questions have the ability to measure problem-solving abilities as well as 
knowledge recall, but are more time consuming to develop and score. Time spent 
in study outside of class is a factor of concern to both instructors and students 
alike, it is too much time consuming.  
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The scope of the inquiry method is limited in terms of contents also the effective 
applications of this approach requires motivated and mature students. The 
teachers also need to be well competent in planning, designing, conducting and 
monitoring the inquiry based learning. 
 
5.4 GUIDED VERSES FREE INQUIRY  
 
How much structure should be provided in inquiry situation? There should be 
enough to ensure that the student is successful in understanding the important 
implications of his studies. 
 
If students have not had experience in learning through inquiry , initially, they 
should be given considerable structure in their lessons. After they have gained 
some experience on how to conduct an investigation, the structure should then be 
lessened include both discovery and inquiry teaching approaches. The term 
guided discovery and inquiry is used where there is considerable 
 
Structure given and free discovery and inquiry indicates that there is little 
guidance provided by the instructor below is an example of a portion of a guided- 
inquiry lesson note that much of the planning is outline by the teacher. The 
student, for example, do not originate the problem and considerable guidance is 
provided on how to set up and record the data in a free-type lesson, the students 
may originate the problem and determine how to resolved it. 
 
Guided Inquiry 
In a guided inquiry approach the instructor provides the problem and encourages 
students to work out the procedure  to resolve it. Examples of problems teachers 
might give to involve student in this type of process are 
1.  How is algebra used in our community? 
2.  Given the story up to this point, how would you end it? 
3. How would you write a poem to indicate your feelings about seeing the 

ocean? 
4.  What could you make a better salad dressing? 
5. What do you think about intermarriage? 
6.  Here some snails. Find out as much as possible about them? 
7.  Here is a pond and some apparatus. Find out as much as possible about how 

this pond changes over a year. 
8. How could we make poetry more popular in our school? 
9. A new highway is built through the jungles of Brazil and passes by an 

Indian village that has had little contact with modern civilization .what will 
happen ?  

140 



10. Here is some apparatus for studying motion .set if up in any way you choose 
to study the movement of an abject. 

11. How does using a different language change a person prevention  of other 
culture. 

12. Here is some apparatus for studying circuit .use it to find out as much as 
possible about circuit. 

13. Do whatever you wish with this salt to determine its physical and chemicals 
properties. 

14.  What should be done to improve the environment of  our school? 
15.  Here is some that is supposed to be polluted. how will you improve that it is? 
16. If you were going to produce a price of art to show contentments, what 

would you do and why? 
 
In a guided inquiry plan student are encouraged to resolve problems similar to the 
preceding either on their own or in groups .the teachers is available as a resources 
person, giving only enough aid to ensure that the student do not become too 
frustrated or experience failures. The assistance the teacher gives ,however, 
should he in the form of question he ask to help student think about possible 
investigative procedure. asks 
 
Questions ,giving them direction rather then tailing then what you do good 
question given at the right time ,may provide just the needed  stimulus you cause 
the student you become more involved in creative investigation contrast the 
method with that of teacher was says ."study groups and tell how they are 
different in the second instance the teaching had robbed the student of many 
opportunities for though and creativeness. 
 
After student have studied and learned how to attack a problem ,gained sufficient 
knowledge about the performed inquiry ,the instructor might invite them to 
become involved in free inquiry .this method differs from the modified approach 
in that the student identity what it is they would like to study .the following 
question are suggested as a basis for this of class activity: 
 
1. If you were the teaching of this class and you were going to select the most 

exciting things to investigate this term, what would What would they be? 
2. What are some problems related to our community that you would like to 

study ? 
3. Now that you have studied, for example, salts, ages, light, heat, radiation, 

animal behavior, etc...what problems can you come up with that you would 
like to investigate individually or in teams? 
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4. Now that you have finished this experiment ,for example in population, 
what other experiments can you think of and which of them would you like 
to do? 

5. When you see problems in this community, such as pollution, or some 
problem related to science that you would like to discuss, bring it to the 
classes attention. 

6. What types of mathematical investigations would you like to conduct (e.g. 
determining the acceleration of a skier or a race-car driver) ? 

7. What authors would you like to read? 
8. What biographies would you like to write or read? 
9. What kind of play would you like to write, read, or produce? 
 
5.5 CONDITIONS FOR INQUIRY TEACHING  
 
Such man lists four conditions for good inquiry teaching. The first one he calls the 
conditions of freedom meaning the freedom of learning to seek out desired 
information. They must be free to try out ideas and invent ways of accounting for 
what they see this is the essence of the inquiry approach, that there is freedom to 
seek out the necessary information. 
 
The second conditions is the " condition of the responsive environment. " a 
responsive  environment is a classroom , a laboratory, or the outdoor on a field 
Trip- anywhere that provides many opportunities for inquiry. It cannot be a sterile 
classroom or lecture hall. Teacher must have books, apparatus, experiments, 
aquaria, and many other things for students to work with. Inquiry can take  place.  
 
Only in a responsive environment. The teacher must provide the information the 
students seek or she must provide the sources for that information. The teacher 
must Make available a wide range of materials and facts from which the students 
can choose to meet their needs of the moments. This is second important 
condition for inquiry teaching. 
 
The third condition listed by Such man is the '’re condition of focus''. Inquiry is a 
purposeful activity, a search for greater meaning in some event, object, mind. It is 
directed toward one goal, toward the solution of a problem. It is not scattered, the 
energies are not dissipated is meant by the Condition of focus. 
 
Susan fourth condition is the ‘’condition of low pressure''. Student will gain their 
reinforcement directly from the success of their own ideas in adding meaning to 
the environment or to their understanding of it. The teacher must respond 
positively to the student but neutrally to the product of the student thinking. The 
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teacher must recognize that not all students learn at the same rate. The condition 
of low pressure provides for students with different rates of learning to progress in 
the same classroom. Contemporary education sometimes defeats the purpose by 
putting too much emphasis on the class being 50 minutes long. The bell rings and 
the students must move to another class, which emphasizes educational 
uniformity . There is very little opportunity for teachers to provide for different 
rates of learning. 
 
When you teach by inquiry, there are several important elements of an inquiry 
lesson that need to be followed. The basic elements of such plan are described 
below: 
 
The Problem: This is the basic requirement and meets the ‘’condition of focus'' 
described by Such man. If at all possible, the problem should be real, meaningful, 
and capable of study. If the problem can be elicited from the class, so much the 
better. A practical substitute, however, is the one identified by the teacher and 
elaborated for the class. 
 
The Background Information: Some means must be found to provide the 
necessary information to put the class on a fairly common level of understanding. 
This may be in the form of a brief class discussion, some common reading matter, 
a text book, or a preliminary experiments to five general understanding to all 
members of the class. 
 
The Materials: This refers to Such man's Condition of a responsive environment. 
Provisions must be made to have adequate quantities of materials at hand, 
opportunities for individual work with the materials, and a chance for students to 
choose the materials they will need to solve the problem. 
 
The Guiding questions: This consists of an anticipated list of questions to be 
asked by the teacher to direct the thought processes of the students. Prepare a 
skeleton outline of these but allow for sample deviation from the basic list in 
order to provide for student input. 
 
The Hypotheses : These should be formulated as a result of the discussion and 
the guiding questions . Permit a “ condition of low pressure ’’ here to allow for 
mistakes and repeats . Emphasize record – keeping and a systematic approach to 
the problem . 
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The Conclusions : This refers to the closure and should culminate in some final 
result based on the experimentation and discussion . Group conclusions are 
acceptable.  
 
5.6  LESSON PLANS FOR INQUIRY TEACHING 
 
What is a lesson Plan? 
So what is a lesson plan anyway? If you're a relatively new teacher or someone 
who is thinking about becoming one, you've probably heard the term and you may 
even have a vague idea of what it is, however you may also have misconceptions 
as well. First, let's talk about what a lesson plan is not. 
 
A test - While there may be questions on it, the questions are meant to elicit 
responses from your students. They aren't meant to test knowledge - after all, they 
haven't learned anything yet. 
 
A homework assignment - Again, this may be part of a lesson plan. In fact, as 
you'll see as you learn more about them, this is a vital part of any good lesson 
plan, but a homework sheet by itself is not a lesson plan either. 
 
An exact document - Probably the most common mistake that new teachers 
make when they try to write their first lesson plan is that they assume it should 
have some kind of exact formula. This is reminiscent of a book that was once put 
out providing "lesson plans" for Jewish studies. The book had specific questions 
to ask. Then it would say, "The person you are speaking to will say this in 
response." It was laughable because it was so wildly inaccurate in the real world, 
but the author honestly believed what they were writing was not only accurate but 
helpful. 
 
A lesson plan is: 
A well thought out document. It takes time to write a good lesson plan and any 
teacher who tries to throw something together a few minutes before class is just 
asking for trouble. 
 
A guide, but only a guide. A good lesson plan gives you rough outlines of how a 
lesson in your classroom should go. It suggests ways of approaching the problem of 
teaching students about a particular subject and allows for enough flexibility to give 
the teacher the chance to make up her own mind about what to use and not to use. 
 
A fairly detailed document. A good lesson plan will also include a lot of details, 
including information on possible problems and possible solutions that may come 
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up during the course of a lesson. It also has step by step instructions to show what 
to teach and when. 
 
Someone out there is probably saying to themselves right now, okay, so I get the 
basics of what a lesson plan is and isn't, but could you show me the details? 
Absolutely! In short, a lesson plan consists of five main parts. These will be 
explained in more detail in future articles, but in short they are: " 
 
Aim: The title of your lesson plan, usually in the form of a question, such as 
"What was the war of 1812?" 
 
Motivation: Something to get the students excited. It could be a question, for 
example, "How would you feel if someone invaded the country and burned down 
the White House?" 
 
Plan: Step by step instructions to introduce the subject. 
 
Homework or Independent Work: This one is pretty self explanatory. 
 
Follow up: What will you do in a future lesson to re-enforce the lesson? 
 
Tips for Creating Effective Lesson Plans 
As we've said in other articles in this series, creating an effective lesson plan is 
actually a pretty easy and straight forward process. It doesn't require you to be a 
rocket scientist (unless you are teaching a class on rocket science, in which case it 
could be incredibly helpful), however it does require you to think about what you 
want to accomplish and to plan accordingly. Therefore, here are five tips you need 
to know in order to create effective lesson plans: 
 
Think the lesson through in your head. Creating an effective lesson plan means 
exactly that - planning. Take the time to think about what it is you want to 
accomplish with this lesson plan and what your students should know in the end. 
Some teachers actually include this as part of their lesson plan and call it "result." 
This is not really a necessary part of a lesson plan unless you hope to offer your 
plans to others. That's because you (hopefully) know the result you want before 
you start. However, writing it out can sometimes be helpful if you want to 
organize your thoughts. 
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Plan for distraction. We've said this before, but it bears repeating. Think about 
questions that may come up during class and be prepared to answer them. If you 
are discussing the chemical reaction that happens when Mentos and Diet Coke are 
mixed, be prepared for someone to ask if other common household items could do 
the same thing. Be prepared also to warn your students why certain things should 
not attempted at home (unless you enjoy irate parents calling to scream at you 
after their Persian rug was ruined by little Johnny running an experiment in the 
living room). 
 
Keep your eye on the clock. Time yourself realistically so you know how long 
each part of your lesson plan is likely to take. Then add about 2-3 minutes to each 
section. This is simple logic. You are bound to have things happen to distract you 
in class, whether it's the kid who shows up late and needs to make a show out of 
it, or the kid who is brainy and asks more complex questions than the rest of the 
class is likely to understand or care about. At the same time. . . 
 
Have three different end points built into your lesson. While it's important to 
make sure your material will not overrun the clock, it's equally important not to 
end too early. The easiest way to do this is to have several different end points. 
This way, you can keep an eye on the clock as you're actually teaching and you'll 
be able to stop when you need to or continue on if need be. 
 
Plan effective homework. We touched on this before. Homework should not be 
pure rote memorization. Instead, it should stretch the child's imagination and 
make them really think about the lesson. Going back to the Mentos and Diet 
Coke, have them look on the Internet to learn about other chemical reactions that 
may happen when common household items are mixed. This will get them excited 
and re-enforce what they learned in school. 
 
Lesson Plan Title: Candy Lights 
 
Age Range: 16-18 Years 
Grade 9 through Grade 12 (High School) 
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Overview and Purpose: 
This is a quick and easy experiment that can be used to introduce a unit on 
chemical bonds or light. Students will be fascinated with the reaction that happens 
when they chew wintergreen Lifesavers in the dark. 
 
Objective: 
The student will be able to observe the light that is produced when he is chewing 
hard candies in the dark. 
 
Resources: 
Wintergreen Lifesavers 
Sugar cubes 
Other hard candies 
Hand-held mirrors 
Boxes with black out material 
Science journals 
 
Activities: 
Give each student one wintergreen Lifesaver, one sugar cube, and one additional 
candy. Divide the students into groups and give each group a box. Ask them to 
take turns looking in the mirror in the blackened box while chewing the candies 
one at a time. Have them note their observations in their journals. 
After everyone has completed their observations, come together and discuss the 
experiment. Explain that what they saw is called tribolumine scence, which 
occurs when certain materials are ripped apart or crushed. 
 
Key Points 
1. Scientific inquiry starts with observation. 
1. Measurement is carried out in order to bring precision and accuracy in 

describing object and phenomena. 
2. Experimentation is an integrated skill because it involves many skills. 
3. The communication of results of some scientific experiment is very 

important because it provide information and awareness. 
4. Inductive and deductive reasoning are very important mental processes in 

scientific inquiry. 
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Self Assessment Exercise 5.1 
 
Q.1  Answer the following questions: 
i. Define scientific inquiry. Also describe its characteristic features. 
ii. Which of the following process skill is needed to fulfill the requirement of 

precision and accuracy in scientific inquiry? 
a) Observation 
b) Inference 
c) Measurement 
d) Classification 

iii. Describe inductive and deductive reasoning. Which of the following is an 
example of inductive reasoning? 
a) All the birds observed by scientists lay eggs. Hence all birds lay eggs. 
b) Noble gases are stable. Neon is a noble gas. Therefore, neon is stable. 
c) Monocot flower parts are in multiple of three. Apple flowers have five 

petals. Therefore, apple trees are not monocots. 
d) An object at rest stays at rest and an object in motion stays in motion 

with the same speed and in the same direction unless acted upon by an 
unbalanced force. Therefore if we throw a ball, it will keep moving 
until some other force or object stops it from moving.  
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INTRODUCTION 
 
The term discovery appears to be an integral part of the inquiry approach. 
Discovery is defined as finding an association , concept for rules. Jerome Bruner 
(1961)has promoted discovery learning and believes that if you want the students 
to be discovered you must give them practice with this approach.  
 
Discovery approach increases intellectual potential and helps the student to solve 
problem skillfully. 
 
This unit provides the students teacher the knowledge of discovery approach, 
guided and free discovery and implications of discovery for science teaching. it 
also contains the questioning in discovery and types of questions. 
 

OBJECTIVES 
 
After studying this unit you will be able to: 
• Define discovery approach. 
• Identify conditions that stimulate discovery 
• Describe different types of discovery approach 
• Acquire questioning skills 
• Make a lesson plan based on discovery approach. 
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6.1  DEFINITION OF DISCOVERY APPROACH 
 
New kinds of learning are always being implemented by educational institutions, 
in an effort to improve the quality and reputation of their own institutions, and of 
course to better the quality of education that their students and pupils receive. 
New and innovative methods have become commonplace in schools, colleges and 
universities, and one of these interesting methods of learning is discovery 
learning. 
 
Discovery learning is a kind of teaching that is based on the student finding things 
out for themselves, looking into problems, and asking questions. Essentially, it's 
all about students coming to their own conclusions and asking about things in 
their course that might not make particular sense. Obviously, as soon as enquiries 
are made, they can learn new things and hence will have become part of an 
innovative, thought-provoking and interesting educational journey. Top 
psychologists in the country have promoted this kind of learning. 
 
The main times that discovery learning is used in the classroom are during 
problem solving exercises and educational programs. Students will undergo 
discovery learning when they are looking at their own experiences and knowledge 
in their studies, and enquiring about further information to improve their 
understanding. Discovery learning will also be used in terms of answering 
controversial and tricky questions, asking other people what they think, and 
generally discussing things. Experiments are also key to discovery learning, for 
instance in sciences, where students will be able to experience science right in 
front of them - and discover things that may occur, which hence prompts them to 
ask the question 'why?' 
 
Discovery learning is used across the United States in regular schools, but it has 
also been popular in special-needs facilities for students with disabilities or 
learning problems. It has been proven time after time that discovery learning is an 
incredibly effective method of teaching special needs students, and is perfect for 
allowing students to have a productive learning environment that promotes 
questioning things, discussing ideas, and getting involved. 
 
Discovery learning also has a part in getting special needs students involved in 
normal, conventional educational curriculum - indeed, this means that discovery 
learning can play a key part in getting special needs students in the same 
classroom as 'regular' students, studying the same things, and sitting the same 
kinds of exams. This means that special needs students will not feel estranged, 
and will not feel like their education is particularly different to anybody else's. In 
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the long run this provides a moral boost for special needs students, whilst also 
enhancing their education and the education of the other students sharing their 
class. 
 
In a regular classroom, a teacher who is trying to enforce new innovative methods 
of teaching might give students different problems, and try and get them to work 
together to come up with a solution to this problem. This can be implemented in 
nearly any kind of class and consistently proves to be an effective way of 
teaching. It provides numerous benefits, and of course is a great way of 
integrating special needs students with other students in conventional educational 
facilities 
 
Discovery, as a teaching approach, has a history much longer than the current 
manifestation, which blossomed in the 1960's. Willoughby (1963) and Bolding 
(1969)note that the teaching methods of Socrates are related to the current use of 
the term, and Skinner (1968) believes the great principle expounded by Rousseau 
in Emile was discovery: Let the student learn from nature. Let him go directly to 
the facts, to things, which alone are incorruptible.(p.709, emphasis in 
original).More recently, Dewey's "learning by doing" has been regarded as being 
synonymous with discovery teaching (Carin & Sund, 1980). Similarly, it is 
possible to trace much of the current interest in discovery teaching to Piaget 
and Bruner. 
 
Discovery Learning was introduced by Jerome Bruner, and is a method of 
Inquiry-Based Instruction. This popular theory encourages learners to build 
on past experiences and knowledge, use their intuition, imagination and 
creativity, and search for new information to discover facts, correlations 
and new truths. Learning does not equal absorbing what was said or read, 
but actively seeking for answers and solutions. 
 
The 5 Principles of Discovery Learning Model 
The Discovery Learning Model integrates the following 5 principles: 
 
• Principle 1: Problem Solving. 
 Instructors should guide and motivate learners to seek for solutions by 

combining existing and newly acquired information and simplifying 
knowledge. This way, learners are the driving force behind learning, 
take an active role and establish broader applications for skills through 
activities that encourage risks, problem-solving and probing. 
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• Principle 2: Learner Management. 
 Instructors should allow participants to work either alone or with others, 

and learn at their own pace. This flexibility makes learning the exact 
opposite of a static sequencing of lessons and activities, relieves learners 
from unnecessary stress, and makes them feel they own learning. 

• Principle 3: Integrating and Connecting. 
 Instructors should teach learners how to combine prior knowledge 

with new, and encourage them to connect to the real world. Familiar 
scenarios become the basis of new information, encouraging learners 
to extend what they know and invent something new. 

• Principle 4: Information Analysis and Interpretation. Discovery 
learning is process-oriented and not content-oriented, and is based on 
the assumption that learning is not a mere set of facts. Learners in fact 
learn to analyze and interpret the acquired information, rather than 
memorize the correct answer. 

• Principle 5: Failure and Feedback. 
Learning doesn’t only occur when we find the right answers. It also 
occurs through failure. Discovery learning does not focus on finding 
the right end result, but the new things we discover in the process. 
And it’s the instructor’s responsibility to provide feedback, since 
without it learning is incomplete. 

 
The Discovery Learning Model Techniques 
The discovery learning educational sessions should be well-designed, 
highly experiential and interactive. Instructors should use stories, games, 
visual aids and other attention-grabbing techniques that will build curiosity 
and interest, and lead learners in new ways of thinking, acting and 
reflecting. 
 
The techniques utilized in Discovery Learning can vary, but the goal is 
always the same, and that is the learners to reach the end result on their 
own. By exploring and manipulating situations, struggling with questions 
and controversies, or by performing experiments, learners are more likely 
to remember concepts and newly acquired knowledge. 
 
The Discovery Learning Model Key Advantages and Drawbacks 
Discovery learning has many key advantages, such as: 
• It encourages motivation, active involvement, and creativity 
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• It can be adjusted to the learner’s pace 
• It promotes autonomy and independence 
• It ensures higher levels of retention 
 
However, as all models, it has also few drawbacks that can be summarized 
as follows: 
• It needs a solid framework, because the endless wandering and 

seeking for answers might be confusing. 
• It shouldn’t be used as a main instruction method, because it has 

limitations in practice and might produce inadequate education. 
• Instructors need to be well prepared and anticipate the questions they 

may receive, and be able to provide the right answers or guidelines. 
• At a certain level, it rejects the idea that there are significant skills and 

knowledge that all learners should need to learn 
 
6.2 CONDITIONS THAT STIMULATE DISCOVERY APPROACH 
 
There are a number of conditions which stimulate discovery. Some of these 
conditions are imposed by science teachers, others are parental , societal based 
and still others are environmental. 
 
1. This approach helps in understanding Nature of Science 

The basis of science teaching is understanding that natural phenomena and 
the nature of science requires inquiring and discovering. Inquiry in science 
consists of experiments and inquiring natural phenomena by discovery 
learning (Bruner, 1996; Lee et al., 2004). 
 

2. Curiosity 
Bruner points out that any individual has the will to learn and this will 
should be used in such activities that it should raise curiosity and direct 
students to studying and discovering knowledge. Bruner (1961) states that 
learning happens by discovery, which prioritizes reflection, thinking, 
experimenting, and exploring. 
 

3. Explorations opens new Horizons of knowledge 
Discovery is a way from the unknown to the known by the learners themselves 
(Bruner, 1966). The active participation of the learner in the learning process is 
called discovery learning (Bruner, 1968; Kara & Özgün-Koca, 2004; Kipnis, 
2005). In discovery learning, students construct knowledge based on new 
information and data collected by them in an explorative learning environment (De 
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Jong & Van Joolingen, 1998; Njoo, 1994). In this way students get confidence and 
ready to find new ways of learning ,in which they get more knowledge. 
 

4. Cognitive and physical skills 
In discovery learning students develop their cognitive and physical skills. 
This implies that discovery learning approach needs active participation of 
students for the solution of a problem 
 

5. Satisfaction and contentment 
Erdal and Öngel (1993), state that when learners take part in an inquiry, they 
get a complementary excitement and satisfaction by what they do, sense, 
and share, and what and how others do and sense during the discovery 
process. In this study, the subjects related to the unit “If It Weren’t for The 
Pressure,” and were taught through daily plans and activities that are 
consistent with the discovery learning method and the effects of the method 
upon the students’ perceptions of inquiry learning skills and academic 
achievements. 
 

6. National Curriculum and Policy 
National curriculum and policy promotes inquiry based learning. Inquiry 
based learning is a kind of discovery learning. 
 

7. Encourage mistakes and productive struggle 
When students take control of their own learning, mistakes are inevitable. 
But mistakes are part of Discovery Learning. Providing timely feedback, 
quickly correcting mistakes, and continuously encouraging students to keep 
at it are critical to encourage students to push through difficult problems 
• Principle 1: Problem Solving. ... 
• Principle 2: Learner Management. ... 
• Principle 3: Integrating and Connecting. ... 
• Principle 4: Information Analysis and Interpretation. ... 
• Principle 5: Failure and Feedback 
 

Activity 
Discover  other conditions for discovery learning approach 
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6.3 QUESTIONING IN DISCOVERY 
 
Questions may be planned before class or may arise spontaneously because of 
student interaction. It is always wise to plan a service of questions before anteing 
an inquiry-oriented class. The mere fact that you have done so contributes to your 
questioning ability. Having thought about the questions gives you direction and a 
sense of security. Thus furthering your ability to carry on a discussion. 
 
An inquiry-oriented teacher must remain constantly flexible. Even though she has 
planned a series of questions, she must be willing o deviate from them and 
formulate new ones as she interacts with students. These unplanned, spontaneous 
questions may be difficult to create at first, but through attempting to develop 
good questioning techniques, an instructor becomes more sophisticated at 
devising them and is more likely to interact appropriately with students.  
Before you devise our questions you should decide the following: 
1. What talents are you going to try to develop? 
2. What critical thinking processes will you try to nurture? 
3. What subject-matter objectives do you want to develop? 
4. What types of answers will you accept? 
5. What skills do you wish to develop? 
6. What attitudes and values do you wish to emphasize? 
 
Educational objectives and questions 
Just as objectives can be classified by the taxonomy, so can questions. Refer back 
to the preceding questions and classify them, on the left, according to the 
taxonomy. The list five of the best questions and decides why you believe they 
are good. Bloom’s abbreviated taxonomy is repeated to help you. An example of 
how your might use it is shown as a guide. 
 
Bloom’s Taxonomy 
Cognitive Domain Affective Domain 
Evaluation Generalized set 
Synthesis Organization 
Analysis Valuing 
Application Responding 
Comprehension Receiving 
Knowledge  
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Questions requiring responses from the higher levels of the hierarchy are more 
desirable because answering them involves more critical and creative thinking and 
indicates a better understanding of the concepts. 
 
Using Bloom’s Taxonomy to classify questions. 
Classification Sample Question 
Knowledge 1. How many legs has an insect? 
Synthesis 2. What hypotheses would you make about this problem? 
Application 3. Knowing what you do about heat, how would you get a 

tightly fitted lid off a jar? 
Analysis 4. What things do birds and lizards have in common? 
Comprehension 5. Operationally define” magnet.  
Evaluation 6. If you were going to repeat the experiment, how would 

you do it better? 
Valuing 7. What is your interest in earth science now compared to 

when you began the course? 
Valuing 8. What do you value about this film? 
Receiving 9. Do you watch science shows on televisions? 
Responding 10. Do you talk to your friends about science? 

 
Processes of science and questions 
Another way to classify questions is to use the processes of science. This 
approach ensures that the basic structure of science and critical thinking is taught. 
Shown below is a guide of how you might classify questions using science 
processes.  
 
Science processes 
1. Hypothesizing 
2. Inferring  
3. Measuring  
4. Designing and experimenting 
5. Observing 
6. Setting up equipment 
7. Graphing 
8. Reducing experimental error 
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Classifying using science processes.  
 
Classification Sample Question 
Observing 1. What do you observe about the landscape? 
Hypothesizing 2. What do you think will happen to the solution when I 

heat it? 
Designing an 
experiment 

3. How would you determine the absorption of the 
different wavelengths of light in water? 

Graphing 4. How would you graph these data? 
Setting equipment 5. Obtain the following equipment and set it up as 

directed. 
Reducing 
experimental error 

6. How many measurements should be made to report 
accurate data? 

inferring 7. What conclusions can you made from the data. 
 
 
6.4 TYPES OF QUESTIONS 
 
Convergent and Divergent Questions 
Another way to classify questions is to determine whether they encourage many 
answers or just a few. Questions allowing for a limited number of responses and 
moving toward closure or a conclusion are called convergent. Questions allowing 
for a number of answers are called divergent: they provide for wider responses 
plus more creative, critically considered answers. In an inquiry discussion, it is 
generally desirable to start with very divergent questions and move toward more 
convergent ones if the students appear to be having difficulties. 
 
Generally speaking, convergent questions, particularly those requiring only a yes 
or no answer, should be avoided because they allow for fever re spouses, thereby 
giving students little opportunity to think critically. The fundamental purpose in 
using the inquiry approach is to stimulate and develop critical thinking, creative 
behavior, and multiple talents. Convergent questions certainly do little to achieve 
this end. Remember that, in an inquiry investigation, it is important that the 
student has a chance to use his mind. Learning to think rationally and creatively 
does much to increase a person’s self-concept. Many teachers are so concerned 
with getting the right answer that they prevent students from using their minds. 
Even though a student may come up with wrong conclusions, he still has had a 
mental experience in thinking about the problem. Having this experience is 
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probably more important than a right answer. We as teacher would, of course, like 
for a student to use his mind and obtain the correct answer as well. However, 
recall for a moment a mathematics teacher who only accepts the correct answer to 
a problem, ignoring the procedures used in obtaining it. The student may have 
used very good thinking processes to obtain the answer yet misplaced the decimal 
point. Is the teacher justified in saying that the student hasn’t learned because he 
hasn’t the right answer? The student will probably never have that problem again 
but the undoubtedly will have many situations requiring him to use similar logical 
strategies. It is the thinking that is most important! The teacher who doesn’t 
reward thinking may stifle students.  
 
Teleological and Anthropomorphic Questions 
Teleological (Greek-teleos-an end) questions are those which imply that natural 
phenomena have an end or purpose. The word anthropomorphic comes from two 
Greek words: anthropos, meaning man, and morphos, meaning form. An 
anthropomorphic question implies that some natural phenomenon has the 
characteristics of man. For example, such a question might state that some natural 
phenomenon has a “want” or “Wish” - Rocks fail because they “want” to. 
 
Why do you think these questions should be avoided? What do they do as far as 
developing critical thinking, leading to further investigation, and how do they 
contribute to misconceptions? The answers to these questions should be obvious 
to you need no discussion here. 
 
Talent-Oriented Questions 
Although the procedures thus far have mainly emphasized the importance of 
cognitive question is, other types are also important. Teachers should spend a 
considerable amount of time formulating talent-oriented questions to help them 
know their students.  
 
We believe that you should not only determine talent but help to manifest it by 
rewarding students for all types of talent. Some teachers and administrators many 
argue that the only function of a science teacher is to develop scientific 
awareness. It is our view that this awareness will occur to a higher degree if a 
student has opportunities to manifest this best talents, thereby building his self-
concept and developing more positive feelings about science. Some examples of 
talent-oriented questions are listed below. 
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Questioning to Discover Talent  
Talent Question 
Artistic 1. What important ideas should b put on a mural to be hung 

in our laboratory? 
Organizing 2. How should we organize the field trip? 
Communicating 3. What should be included in a short article for the school 

paper about the science fair? 
Creative 4. In what ways can we convey to the rest of the school 

how exciting biology, earth science, chemistry, and 
physics are. 

Social  5. What shall be the social activities for the science picnic? 
Planning 6. How shall we plan our investigations of the pond 

community throughout the year? 
 
Teachers should also ask questions to find our students’ interests. What “turns 
them on?” Determining these interests helps the instructor in planning more 
relevant lessons. Questioning individuals personally about their likes also helps 
convey to the students your interest in them as people and not as sponges to soak 
up scientific information. 
 
Piaget pointed out that proper questioning gives insights into a student’s thought 
patterns. To do so the instructor must hypothesize how the student is thinking, 
then pose questions to see if she is correct when the student responds, the 
hypothesis may be confirmed or may need further investigation. She may have to 
formulate a new hypothesis and construct questions to determine its validity. This 
type of questioning is particularly necessary when the student seems to be having 
difficulty in discovering or conceptualizing. Excellent teachers in mathematics, 
physics, chemistry, and other courses often use this approach to diagnose 
students’ thinking-process difficulties and help them resolve problems.  
 
Questioning Procedures 
 
Wait-Time Affects Quality of Responses 
Mary Budd Rowe and her coworkers have done an extensive study of the 
questioning behavior of teachers. In their analysis of taped classroom discussions, 
they discovered that teachers, on an average, wait less than a second for students 
to reply to their questions. Further investigations revealed that some in structures 
waited on an average of three seconds for students to answer questions. An 
analysis of students responses revealed that teachers with longer wait times (three 
seconds or more) obtained greater speculation. Conversation and argument than 
those with shorter wait-times. 
 
Dr. Rowe found further that then teacher were trained to wait five seconds, on the 
average, before responding the following occurred: 
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1. Students gave longer and more complete answers instead of short phrases. 
2. There was an increase in speculative, creative thinking.  
3. The number of suggested questions and experiments increased. 
4. “Slow” student’s increased their participation. 
5. Teachers became more flexible in their responses to students. 
6. Teachers asked fewer questions, but the ones they asked required more 

reflection. 
7. Students gave a greater number of qualified inferences.  
8. Teacher expectations for student performance changed: they were less likely 

to expect only the brighter students to reply. 
 
Dr. Rowe believes that the expectancy levels of students are more likely to change 
positively if they are given a longer time to respond. She has also found that the 
typical pattern of discussion: teacher-student-teacher can be altered by training 
instructors to get student-student-teacher responses. This pattern will occur 
particularly well when students are involved in some controversy, e.g., the best 
design for an experiment or what conclusion can be drawn from data. 
 
For inquiry teaching to occur, it seems reasonable that most instructors should 
attempt to increase their wait-time tolerance so that students may have more 
opportunities to think and create. 
 
Good Discussions Are Student-Centered 
Most teachers, when they are involved in a class discussion, dominate it to a 
considerable extent; an inquiry class should be student-centered, which means 
that the teacher’s talking should be at a minimum. Note the two diagrams of 
discussion interaction in a class in figure 11.1 
 
It is not easy to develop techniques so that the second type of interaction operates. 
How would you as a teacher get the second pattern to operate in you classes? 
 
Some Precaution in Questioning 
It has long been thought that the practice of questioning promotes student thinking 
and participation, and in most cases it does. However, sometimes certain 
questioning techniques have the reverse effect, actually shutting off student 
thinking. Frequently what the teacher actually does is initiate a question-and-
answer practice that does not evolve into true classroom discussion and does not 
promote expressiveness, active participation, or independent thinking. Instead the 
process many encourage student passivity and dependency.  
 
A few precautions are given to alert teacher to practices that may hinder using 
questions to initiate discussion. Sometimes this simply results in a back-and-forth 
interchange between teacher and students in which the teacher is the questioner 
and the student is the responder. To avoid this, you might hold back from asking 
questions at the start, and thus give the students the impression that they must take 
some responsibility for carrying on the discussion rather than simply being targets 
of teacher questions.  
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Second, questions are sometimes used to make a point in which a particular piece 
of information or idea is underscored. Sometimes this practice is 
counterproductive because the same information can be put forth more effectively 
as a declarative statement. 
 
Third, questions are often asked to help students who pause or falter in their 
responses. We sometime condition students to speak in short bursts in answer to 
direct questions from the teacher cession, however, requires thoughtful, sustained 
expressions by the students. It requires more time to express complex thoughts or 
interpretations. If the teacher pushes in with a question too quickly, the effect is to 
half student thought processes and substitute the teachers’ thoughts.  
 
Fourth, questions are sometimes used to elicit predetermined answers. In this case 
the teacher has a particular answer in mind and phrases questions so though that 
answer is brought forth from the student. This again shorts off speculative, 
thoughtful responses from the students. 
 
Fifth, teachers sometimes ask questions in reply to a student’s question. This is 
sometimes recommended as a way of promoting inquiry. However, it may convey 
the idea that only the teacher gets to ask the questions and that only the teacher 
gets to ask the questions and that whenever students ask questions all they get is a 
redirected question to them or to someone else in the class. 
 
Sixth, questions are something used to draw out the nonparticipating students. This 
assumes that every student is in the frame of mind to respond equally with every 
other student. The practice may instead intimidate some students and cause others to 
become wary of future questions. They may thus be preparing answers in a advance 
and failing to listen to the argument of the discussion.  Such practices may causes 
students to withdraw even more rather than drawing them out.  
Seventh, to use questions to probe the students’ personal feelings and experiences 
is a risky practice. This may make the individual fearful and resentful. Such 
questions ought to be saved for more private contracts in which the teacher and 
the student can confer on a more intimate basis.  
 
Alternatives to these practices can avoid the pitfalls described above. For 
example. The teacher could make a declarative statement rather than asking a 
question. This can still present the problem or issue to the students and open up 
avenues for further discussion. 
 
A second alternative to questioning would be to restate the speaker’s words. Try 
to make a statement that interprets what the student has said, thus giving the class 
an opportunity to reconsider the information that has been presented.  
 
Third, declare you perplexity when you are confused as to what the student has 
said. Simply state, “I am confused about what you are saying.” 
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Fourth, invite elaboration. Use a statement such as, “I’d like to hear more of your 
views on that.” 
 
Fifth, encourage class questions. In a discussion. It should be possible for students 
to ask other students questions or to direct their questions at the person who is 
speaking whether it is the teacher or another student.  
 
Sixth, talent the speaker pauses and asks a question. This promotes discussion, 
indicates the speculative nature of the statements that are being made, and gives 
the student an opportunity to obtain feedback. 
 
Seventh, simply maintain silence. Use a longer wait-time to indicate to the student 
that you are conducting a leisurely practice and you want to provide opportunities 
for reflection, introspection, and though full answers.  
 
Using Questioning in a Competitive learning strategy 
A useful technique which employs classroom questioning by the teacher has been 
described by a group. 
 
Self Assessment Exercise 
Q.1 Define discovery Approach. 
Q.2 What are principles of discovery approach. 
Q.3  Write the importance of questioning for promoting discovery skills 
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7.1  FEATURES AND FUNCTIONS OF SIMULATIONS 
 
7.1.1 Definitions, and Types of Simulations 
 
A classroom is a method of teaching/learning or evaluating learning of curricular content 
that is based on an actual situation. The simulation, designed to replicate a real-life 
situation as closely as desired, has students assume roles as they analyze data, make 
decisions and solve the problems inherent in the situation. As the simulation proceeds, 
students respond to the changes within the situation by studying the consequences of their 
decisions and subsequent actions and predicting future problems/solutions. During the 
simulation students perform tasks that enable them to learn or have their learning 
evaluated. A simulation includes time for reflection and processing which allows students 
to share their experiences, assess their learning and evaluate their assessments against the 
intended outcomes of the simulation. In addition to accomplishing the objectives of the 
simulation activity, students often become interested in the real world system on which it 
is based and what makes it work the way it does. A simulation is an instructional strategy 
(teaching method) that can be used with appropriate learning material at any level from 
the primary grades through graduate studies. The complexity of a simulation should 
reflect the grade level and the sophistication of the material being taught or evaluated. 
There are published simulations available for purchase but many teachers prefer to create 
their own. A well-designed simulation simplifies a real world system while heightening 
awareness of the complexity of that system. Students can participate in the simplified 
system and learn how the real system operates without spending the days, weeks, or years 
it would take to undergo this experience in the real world. Periodic discussions provide 
the opportunity for students to collect their individual experiences, discuss the general 
principles or ideas contained in the simulation and relate these ideas to the real world 
situation. It is important for teachers who use simulations to allow time during the 
simulation for this discussion. It is also important to have “debriefing” discussions during 
and after the simulation. The debriefing, which should be as well-planned as any lesson, 
provides closure for the activity and should focus on the learning outcomes for the 
simulation. Some suggestions on how to lead post-simulation discussion are provided in 
the Introduction to Debriefing section. For purposes of clarity it is necessary to 
distinguish between “role-playing” and simulations. When role-playing, students act out a 
predetermined set of events with foreknowledge of the outcome of their characters’ 
actions. The purpose is to acquaint them with the historical scenario and to develop an 
awareness of the factors influencing a decision made at that time. It also allows students 
to practice “walking in someone else’s shoes” and can lead to meaningful discussions 
about events that occurred in the past. An example would be role-playing the decision to 
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use the atomic bomb in World War II. In a simulation, students’ actions determine the 
outcome of the situation they are simulating. The situation being simulated has existed, 
exists or could exist in the real world but the simulation modifies it to fit the parameters 
of classroom teaching. Passing laws in a mock Congress is an example of a simulation. 
 
7.1.1(a) Categories  of Simulations 
This paper distinguishes between two types of simulations, role-playing and system 
dynamics simulations. While both meet our definition of classroom simulations (p. 1), the 
difference is a matter of focus and the emphasis on using computer technology.  
 
Role-playing simulations provide students an opportunity to learn through playing a role 
in a scaled-down real-life situation in which students assume real world roles as they 
solve problems and make decisions. The student can see and discuss the results of these 
actions within the parameters of the simulated situation. In terms of application to the real 
world, he can hypothesize the impact of his actions but cannot ever know the 
consequences that course of action would produce in the real world. Through his 
participation, however, the 5 student learns how the real world system operates and 
experiences the trade-offs involved in decision-making within that system. The focus in a 
role-playing simulation is on “learning by doing”–students learning how decisions made 
and actions taken within the system they are simulating lead to both short term and long 
term consequences within that system. Although most of the curricular content will be 
learned throughout the simulation (including debriefing), some prerequisite learning 
about roles within the system may need to take place before the simulation begins. The 
appeal of this methodology lies in the student being able to assume the identity of the role 
he is playing and discard his school identity. This frees him from the limits to learning 
that may be inherent in his reputation. Tremendous excitement is generated by this 
transformation which is contagious among students running the simulation and within the 
school community. Computers, while not essential, can be helpful tools for teachers and 
students as they participate in a role-playing simulation. The computers can be used to 
store and retrieve information, present information in multiple medias, and provide 
additional structure to the activity. Computers facilitate bookkeeping, speed up research 
and accelerate and compress time. Because they are an effective and fun learning 
strategy, role-playing simulations are an educational technique that has been used 
successfully for many years. They can be purchased from a number of sources for 
teaching/evaluating a wide range of learning objectives. Teachers often adapt these to 
meet the unique needs of their class and curriculum; other teachers create original 

168 



simulations. See Appendix for simulations suggested as instructional strategies in 
CFSD’s social studies and science curricula.  
 
System dynamics simulations are designed to help students experience a real-life 
situation as it plays out over time. The simulation is based upon a mathematical model of 
interrelated quantities that numerically describe the situation. Because the simulation is 
entirely based on elements that can be quantified as numbers, typically system dynamics 
simulations have a narrower scope than role-playing simulations. The actual enactment of 
a role in a system dynamics simulation is usually not as important as it is in role-playing 
simulations (although it can be made an integral part of the simulation). A computer is an 
important part of a system dynamics simulation because it stores the underlying model 
holding information about the simulated situation. The model enables the computer to 
simulate, a step at a time, the real-world situation, based in part upon the student 
decisions. During each round of the simulation, the students make decisions and input 
these decisions into the computer. The computer uses the model to calculate new values 
for the other elements in the system. It then displays them to the student as numbers or 
graphs. Students make new decisions based upon this information, and the process 
repeats again. 6 Most of the work in preparing a system dynamics simulation is involved 
in building an appropriate computer model. Teachers can create their own system 
dynamics models independently, in collaboration with a system dynamics mentor, or use 
a model from one of the sources listed in the Appendix. Use of System Dynamics Tools 
with Simulations System dynamics is the study of systems and how they change over 
time. A system is defined as “a collection of parts which interact with each other to 
function as a whole.” (Kaufman, Jr. p. 1) For example, an automobile is a system; a 
central heating system is another. “Systems can contain people as well as physical parts.” 
(Forrester 1968) A person driving an automobile (steering the car as the road twists and 
turns) is a good example of this. Other examples of systems containing people are 
governments, economies, revolutions, and wars. System dynamicists assert that cause and 
effect usually happen in a circle, called a feedback loop. A condition provides the basis 
for an action which changes the condition which causes a change in the next action. For 
example, if the temperature in a house is too cold the thermostat will turn on the furnace. 
The furnace raises the temperature until eventually the furnace shuts off. This self-
regulating system is an example of a “balancing loop”. Furnace Operation House 
Temperature B Desired Temperature time Figure 1: House Temperature Another 
example: one theory of why the American Revolution began is that the colonists opposed 
the ruling British government because they felt oppressed. In response to the colonists’ 
actions the government tried even harder to repress its rebellious citizens. This caused the 
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opposition of the colonists to escalate, leading to war. This self-reinforcing growth 
pattern is typical of a “reinforcing loop”. Opposition of Colonists Governmental 
Repression R time War Revolutionary War 7 System dynamics provides six tools to help 
study systems and their behavior. One of these tools is the system dynamics simulation 
discussed in the previous section. Other system dynamics tools (all tools are defined in 
the glossary) are: • system archetypes • stock-flow diagram • system dynamics computer 
models created with software such as STELLA II Teaching students to use these tools 
appropriately enables them to become involved in systems thinking: conceptualizing, 
synthesizing and analyzing dynamic systems. More specifically, systems tools allow 
students to diagram their assumptions about the relationships in a system, to discuss and 
re-interpret those assumptions with other students, and to model and then simulate those 
assumptions, seeing their dynamic consequence. The tools of system dynamics can 
greatly enhance either type of classroom simulation. It is natural to use them with system 
dynamics simulations as most elements of the simulation will already be numerically 
quantified. This quantification makes it easy to graph or indicate what causes the 
elements to increase or decrease. Because role-playing simulations are broad and difficult 
to quantify, students will need to focus on a particular section before designing an 
applicable graph, diagram, or model. With either type of simulation, the system dynamics 
tools may be used as part of the pre-simulation instruction, to do problem-solving during 
the simulation, or within the post-simulation debriefing. One interesting aspect of using 
system dynamics tools is the awareness students develop of the poor decision-making and 
problem-solving that exist in the real world system they are studying. If it is so easy to 
figure out long term viable solutions and test their efficacy by tinkering with the system 
(running computer models) why aren’t the people in power doing it? Many students will 
realize that merely responding to events creates short term solutions whereas making 
changes in the underlying relationships of the system is more apt to create long term 
solutions. 
 
Task Trainer Simulation 
Task trainer simulation allows the student to practice basic skills on task trainers to 
ensure patient safety and comfort. At OHSU, physicians and students attain individual 
improvement from the ability to practice a variety of skills, such as suturing, dissection, 
and pattern cutting, and allows physicians in training to improve their visual, tactile and 
coordination skills. These training procedures range from the basics, such as drawing 
blood to more sophisticated procedures, such as endovascular surgery and trauma care. 
This type of training improves critical thinking, decision making, and clinical techniques 
all without risk to a real patient. 
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Manikin-based Simulation 
Manikin-based simulation includes low, mid and high fidelity simulation manikins used 
in the training of healthcare providers. The level of fidelity refers to the technological 
abilities of the equipment, from a static manikin used for skills training all the way to a 
manikin that communicates, has dynamic vital signs, blinks, cries and whose chest rises 
and falls. There are multiple options depending on the learning objectives and goals of a 
given course to train using manikin-based simulation. 
 
Standardized Patient Simulation 
Standardized technology and patient actors. The patient actors are called 
Standardized Patients, and they are used extensively by OHSU schools to teach 
clinical skills to medical, nursing, and PA students. We are proud to employ a 
large number of Standardized Patients with a depth of experience in the acting 
and medical model worlds patient simulations facilitate interactive teaching 
through the innovative combination of  
 
Virtual Reality Simulation 
The use of virtual simulators at OHSU gives students, faculty, and medical providers 
leading edge tools to investigate and adapts to the advancement in medical training. By 
using unique state-of-the-art virtual devices, it enables medical providers with high 
fidelity training procedural simulation enhanced with true-to-life tactile sensations 
 
Tissue-based Simulation 
As learners advance in their training, they are exposed to a graduated level of difficulty in 
their simulation curriculum. Moving from dry-lab task trainers to wet-lab experiences 
ensures learners the opportunity to practice procedural skills outside of the clinical 
environment. This not only benefits the learners but also ensures patient safety and 
quality clinical care.  
 
Simulation 
 
Definition: It is an act of imitating the behavior of some situation or some process by 
means of something suitably analogous (especially for the purpose of study or personnel 
training). 
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It is an imitation of real – world activities and processes. It is a teaching approach/method 
in which learners are provided an experience of real – world phenomena in a safe 
environment through imitation. 
  
Simulations have long been used in a variety of form in different fields. For example it 
has been used since long in business education, military training, training of drivers and 
pilots, and in games, such as monopoly and chess. Its use in business education dates 
back to 1957 when at Rand Corporation a group of people developed a computerized 
business game. However Application of simulation as an instructional method in 
education is comparatively recent. 
 
The principles of cybernetics, a branch of psychology, are applied in the development of 
simulations.  Cybernetic psychology, as a discipline is a comparative study of the human 
control mechanism, and a self-regulatory feedback electromechanical system such as 
computers. The main focus is the similarity between feedback control mechanisms of 
electromechanical system and the processes involved in learning. A feedback control 
system of an electromechanical machine performs three primary functions: it generates 
movement of the system toward a target or defined path; it compares the effects of this 
action with the true path and detects error; and it utilizes this error signal to redirect the 
system. According to the cybernetic psychologist human mind also have a control system 
that generates a course of action and then redirects or corrects the action by means of 
feedback. The consequence of the action serves as the feedback, and feedback helps to 
decide whether or not there is a need to modify the action. On the basis of apparent 
similarities between an electromechanical system and working of human mind 
psychologists have concluded that performance and learning must be analyzed in terms of 
the control relationships between a human operator and an instrumental situation”. That 
is, leaning is dependent on the nature of the individual, as well as by the design of the 
learning situation. 
 
According to cybernetic psychology, human behavior has a discernible pattern of motion. 
It includes both covert behavior, such as thinking and overt behavior. Human beings 
receive the feedback through their sensory motor system. On the basis of the feedback 
they receive from the environment through their senses they modify their response 
patterns and actions. The ability to receive feedback constitutes the human system’s 
mechanism for receiving and sending information. Greater linguistic capability in human 
beings enables them to use not only concrete realities of the environment but also its 
symbolic representation i.e. they can use direct as well as indirect feedback. This ability 
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helps them to expand their control over the physical and social environment. The essence, 
then, of cybernetic psychology is the principle of sense-oriented feedback that is intrinsic 
to the individual (one “feels” the effects of one’s decisions) and is the basis for self-
corrective choices. Described in cybernetic terms, learning involves sensorial 
experiencing the environmental consequences of one’s actions and engaging in self-
corrective behavior.  Instruction in cybernetic terms is designed to create an environment 
for the learner in which this full feedback takes places.  
  
Simulations in Education 
  
As discussed in the previous section simulations have their origin in Cybernetic 
Psychology. In education principles of cybernetics are applied in the development and 
use of simulators for instruction and learning. A simulator is a training device that is a 
replica or imitation of an event, system or process in simplified form. However it 
contains all substantial features of the reality so that the learner can have an experience as 
close to real life situation as possible. For example, a simulated automobile has all the 
devices of a real automobile; a driver seat, steering wheel which can be turned, clutch, 
break and a gearshift. The learner could see a road and can operate the devices to move 
the automobile on the road (by mean of a motion picture). A simulated automobile 
provides ample opportunity to learn from the feedback learner receives from consequence 
of his or her actions, e.g. when the learner presses the accelerator, just like the real 
automobile change in the level of engine noise indicates that the flow of fuel has 
increased. Similarly a wrong move may result in an illusion that the automobile has 
crashed into another vehicle or tree. But these are only illusions no real risk is involved in 
driving a simulated vehicle. With the help of simulators student learns from the 
consequences of their actions, although the consequences are not truly real. Similarly 
through simulations students can perform experiments without exposing themselves to 
laboratory hazards. This is a great advantage of using simulations in teaching science. In 
simulations learner initiates actions in terms of a specified goal and depending on the 
feedback or error signal, redirects the initial action and in this way learns from the 
consequences of his/her actions which are the basic principle of cybernetic psychology.  
 
Simulators make the task less complex than the tasks one has to execute in the real world. 
A trainee driver learning the skill using a simulated automobile can practice and acquire 
the skills one by one, for example, in a driving simulator the student can simply practice 
shifting from a gear to another until he or she has mastered the tasks. The student can also 
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practice applying the brakes and turning the wheel, thus developing a feel for how the 
automobile responds when he or she does those things.  
 
Simulation allows the learner to develop and demonstrate knowledge, skills and behavior 
in a controlled environment which provides opportunities for exploration and rehearsal 
(Humphrey, 2013). In simulations based instruction engineered situations are presented to 
provide a sufficiently authentic experience to promote learning in all domains i.e. 
cognitive, psychomotor and affective domain. Simulation based instruction is interactive 
in nature learners manipulate simulators receive a feedback in the form of consequence of 
their action, in the light of feedback assess their action and if needed modify their line of 
action. 
 
Many concepts in science are abstract and are very difficult to explain through direct 
instruction for example the concept of interaction between molecules in a chemical 
reaction and its effects on rate of reaction, or fission and fusion reactions or even 
reduction of chromosome number in meiosis etc. in science teaching and learning 
simulations can be used to serve a number of purposes..  
 
7.1.2 Sources of Simulations 
 
Simulation of Point Sources  
This section details the additional functionality added to point sources in DIRSIG. This 
improvement takes the form of beam shaping and the ability to directionally point a 
source. Previously, the SIG model incorporated point sources, however, the distribution 
of such sources was only isotropic. The improvement comes in a way that the user can, 
not only specify the location and distribution of a source, but can now specify both the 
direction and shape as well. 
 
7.2  LEARNING WITH SIMULATIONS 
 
7.2.1 Research on Simulations in Educational Setting 
 
Simulations can be used to demonstrate principles and provide experiential learning. This 
type of active learning provides both students and instructors a change from the 
traditional classroom lecture and can be used to highlight and support lecture-related 
materials. Interactive learning activities can be designed to be as brief as a single class 
period, or long enough to span several class periods (Brozik and Zapalska, 2002a). 

174 



 
During the last two decades, the curriculum in the area of higher education has 
experienced a change. Previously, the prevailing teaching methodology was that of 
classroom lecture and discussion, but today it is not rare to find individual analysis of 
group roles, group dynamics, individual and group decision making, role-playing, and 
other human development skill exercises used in the college classroom. An important 
objective in teaching is to ensure that students are exposed not only to theoretical 
frameworks but also to real world situations where they can gain experience in applying 
their knowledge. A teaching approach that helps meet this objective in the classroom is 
the use of simulations that replicate real world situations. Simulations contribute to the 
learning process, particularly in transferring learning from the The Use of Simulations in 
a Teacher Education Program 4 conceptual base to its ultimate application. The strong 
relationship between the degree of perceived realism and the perceived contribution of 
the simulation to learning is important (Brozik and Zapalska, 2002b; Brozik and 
Zapalska, 2003). 
 
A simulation creates a dynamic environment in which students can make decisions 
concerning human development issues related to a school setting. Within the structure of 
the simulation, students focus on the decision making process and several rounds can be 
completed within a single class period. One key aspect of the simulation is stressing that 
it is not a game in which there are winners and losers. The purpose of the exercise is to 
explore decision making techniques and see the results of specific decisions. The 
structure of a well-designed simulation is rich enough to examine many different aspects 
of the problem presented (Brozik and Zapalska, 2002a; Brozik and Zapalska, 2003) 
 
It is believed that simulations are effective in the process to enhance students' 
selfefficacy. In their research, Thompson and Dass (2000) found that students who 
engaged in the simulations showed an increase in self-efficacy that was significantly 
larger than gains due to learning by the case method approach. The simulation process 
elicited a greater response from the learners than that of the case study group (Thompson 
and Thompson, 1995). Overall, simulations are more effective at enhancing self-efficacy 
compared to the case studies and are better at increasing written communication skills 
(Thompson and Dass, 2000). 
 
Queen (1984) believes that "through the process of group interaction, students actively 
participating in a simulation can vicariously experience a reality paradigm of scientific 
discoveries, social issues, and world events" (p. 144). Instructors can use simulations to 
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provide enhanced learning experiences for students. It is through the use of simulations 
that students take an active role in learning. The learner becomes an active participant in 
the learning process and, in turn, the student gains insight into the nature of the process 
being simulated. The simulation provides opportunities for the active learner to develop 
skills in decision making and problem solving skills that can be applied to the social 
sciences. The instructional advantages to using simulations in a higher education setting 
allow the learner to experience life-like situations in a realistic environment that is 
conducive to the active involvement of all students. Simulations encourage motivation, 
provide the opportunity for student involvement, allow for the generation of new insights, 
increase the formulation of new concepts, and create the ability for students to solve 
problems within a realistic and controlled environment (Queen, 1984). 
 
7.2.2 Some Advantages of Simulations 
 
• They are cost – effective e.g. the cost of equipment and consumables can be 

reduced through simulated experiments.  
• Through simulations students can visualize lengthy, dynamic processes and 

complex interactions. 
• It is difficult to control all variables in a lab experiment. In a simulation student can 

have a better control on variables. They can also study cause and effect 
relationships by manipulating variables. 

• Simulations can provide an opportunity to study the processes which are difficult to 
carry out in school laboratory because they are: 
- Too slow e.g. development of an ecosystem or population growth. 
- Too fast such as collisions 
- Too small e.g. sub – atomic changes 
- Too dangerous. 

• Simulations allow intensive practice and training. 
• Simulations provide opportunity: 

- To study concepts involving non – existing entities, e.g. ideal gases, 
frictionless surfaces etc.  

- To study industrial processes. 
• The advantages of using a simulation model, in terms of its potential to promote 

higher-level thinking as demonstrated in this study with WILSIM-GC, can and 
should be leveraged in teaching students the difficult-to-master concepts and 
processes of landform evolution. We believe the benefits of using simulations are 
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worth investing the time and effort to develop the associated curricular materials. 
This is also supported by the literature (e.g., Smetana and Bell, 2012). 

• Traditional paper-based approaches should not be discarded because they are 
similarly effective (albeit with a small to medium effect size) for teaching 
geoscience concepts, information, and terminology. In fact, as suggested in 
previous studies, scaffolding using traditional teaching approaches is necessary to 
help students develop enough background knowledge so that they are ready to 
explore within simulations (e.g., Khan, 2011; Schneps et al., 2014). We agree with 
this suggestion and recommend that traditional approaches be used in curricular 
materials that provide the basic concepts and foundation  

• for more-advanced exploration and problem solving with computer simulations. 
• Such integration (of traditional approaches and simulations) may be critical to 

designing better curricular materials, especially for online courses in which direct 
interaction with an instructor is not readily available. An online simulation model, 
such as WILSIM-GC, also lends itself naturally to the increasingly common 
practice of the ‘‘flipped classroom’’ approach, where traditional lecturing is 
replaced with interactive activities in the classroom, and online learning is 
conducted outside of the classroom. 

• Student-teachers are helped in a variety of ways through simulated training. It helps 
in developing self-confidence among them. 

• This technique helps in linking theory with practice of teaching. 
• Student-teachers are given an opportunity to study and analyze critical teaching 

problems. 
• Student-teacher understand the behavioral problems of the classroom and develop 

insight to encounter them. 
• Simulated training provides feedback to student teachers to modify their behavior. 
• It helps in developing social skills like social manners and etiquettes among the 

student-teachers. 
• There is self-monitoring in simulated-training. It reinforces the student-teachers for 

the desired behavior. 
• It helps in developing efficiency in student- teachers and in predicting 

consequences of teaching before going to actual classroom 
• As a result of role-playing, it helps in the development of critical-thinking in 

student-teachers. 
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7.2.3 Disadvantages of Simulations 
 
1. In simulation role-playing is done in artificial situations which are un-

psychological and impracticable. 
2. Simulation is like socio-drama or sort of gaming, which reduces seriousness 

of learning. 
3. No emphasis is given on teaching skills or content-taught only the social 

behavior is considered. 
4. It requires the supervision by training personnel which are generally not 

available or not devoted to their duties. 
5. Simulation attempts to portray the real situations in a simple way, which in 

general, are very complex and difficult. 
6. Simulations model development if very costly. 
 
7.3  IMPLEMENTING SIMULATIONS IN THE CLASSROOM 
 
Before the Simulation While a lead-in to any learning activity is recommended, 
setting the stage (anticipatory set) for a simulation is especially important because this 
type of activity is sometimes interpreted as a “fun” activity rather than a learning 
activity. In addition to getting students excited about the simulation, they need to 
know exactly what they are expected to accomplish/learn through their participation. 
Usually it is equally important to communicate the objectives to others in the school 
community as well as to parents of participants. Effective communication decreases 
the likelihood of misunderstanding and misinterpretation. Thus you are not only 8 
communicating learning objectives but providing an opportunity for others to 
cooperate with and volunteer to help with, the logistics of an often complicated 
set-up. Through this communication process you can explain the use and value of 
a simulation as a learning activity. Invite constituents and colleagues to observe 
so they can see for themselves. There are many ways of handling this 
communication and the teacher should choose those that are comfortable and 
most compatible with his/her teaching style. Suggestions include a letter to 
students and their parents, an article in the school newsletter, an informational 
packet for students to go over with their parents, class discussion, brainstorming, 
lecture with note-taking, etc. The following is a list of the points you should 
include in this orientation. 1. Specific learning outcomes. 2. Why a simulation is 
an appropriate teaching method for the content. 3. How to play a role effectively. 
4. Reasons for differences between simulation and the real situation. 5. The 
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importance of discussions and debriefing. 6. Keeping track of creative ideas, 
divergent thinking and unique observations. 7. The importance of and ways to 
uncover the dynamic system underlying the real world situation being simulated. 
8. Learning how and when to use causal loops, behavior-over-time graphs, 
leverage points, stock-flow diagrams, computer models. 9. Classroom 
management: student responsibilities and teacher’s role. 10. Evaluation of 
participation and learning including necessary record-keeping and official forms. 
11. Student input to planning and improving classroom activities. 
 
SETTING THE STAGE ...direct presentation to students The following is an 
example “script” of what a teacher may say to introduce a simulation. The next 
learning activity which we will be doing is a simulation which means you will 
play roles in a model of a real life situation. Our primary purpose is to learn 
certain content that is part of our curriculum. I have chosen a simulation as the 
method of learning this material for many reasons: I think you will enjoy learning 
in this way, you are likely to see the importance of what you are learning, and this 
content is easy to learn by “doing.” Here is a list of the things you should learn 
during this activity; your questions and comments are very appropriate at this 
time. In order to make the simulation as realistic as possible it is important for us 
to play our roles as appropriately as we can, realizing that the people who are i n 
these roles in the real situation are older, experienced in that job, often highly 
trained, and motivated to perform effectively by a multitude of pressures e.g. they 
could be fired! The real situation also requires a setting and equipment as well as 
a level of complexity that we cannot replicate. Let’s identify some of the aspects 9 
we cannot replicate. (Discussion). Therefore, we must think of our simulation as a 
simple model which does not contain all of the aspects of the real situation but 
from which the principles upon which the real situation operates can be learned. It 
is important to our understanding that we occasionally take time out to discuss 
what is happening as we run the simulation. This can increase your awareness of 
the process as it unfolds which affords you more opportunities for participation 
and learning. It is also extremely important that you jot down unique ideas that 
you encounter in yourselves and others as the simulation runs, to share during the 
debriefing. There are no right and wrong answers to any of the problems you 
solve or decisions you make during the simulation. Your observations may 
uncover valuable information about the system you are simulating. Watch for 
opportunities to see behavior over time, determine probable cause and effect, 
experiment with leverage points for changing the system or behaviors within the 
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system, create stock-flow diagrams or other models you might construct to reflect 
behaviors of the system, and look for how things really work as opposed to how 
they are supposed to work. Each of you will initially experience different learning 
based on the frame of reference you bring to the simulation. Feel free to try out 
your solutions and decisions and please ask for help when you need it. I will try to 
keep interruptions at a minimum. While you are working I will be circulating 
throughout the classroom observing and talking with you. I will also be 
responsible for providing everything you need to run the simulation as well as 
keeping attendance and participation records. I am here to assist as needed. It is 
our joint responsibility to make this a valuable learning experience. In your team 
packet you will find directions for rotating roles as well as copies of all of the 
official forms that will be used throughout the simulation. Extra forms are 
available in the rack on the wall. Note that all blue forms need to be submitted to 
me as part of your individual evaluation, and each team must submit one copy of 
every green form for your team evaluation. The notes I take when I confer with 
teams and individuals are also used to evaluate your participation and learning. 
Please spend the next few minutes looking through your packets and asking 
questions to clarify anything you do not understand. Suggestions for changes are 
appropriate at this time, as well as throughout the simulation and especially 
during the debriefing. Do you feel comfortable with the task and expectations? I 
expect this activity to last for the next two weeks but I have allowed some extra 
time so that we can be flexible. As always, we will negotiate your grade at the 
conclusion of the activity. Try to be here everyday as absences play havoc with 
teamwork and success. If anyone has an extended absence during the simulation, 
we will arrange alternate learning activities. 
 
Setting The Stage II ...another way of presenting information to students. “Our 
next learning activity will be a simulation; what does that mean?” The students 
brainstorm what a simulation might be with the teacher asking appropriate 
questions to keep the discussion going until all salient points have been covered. 
Someone (teacher, student, parent/staff volunteer) will record all ideas which can 
then be ordered into categories and lists as needed for clarity and closure. In this 
procedure all student comments are valid and recorded and most students will 
participate because it is safe to do so. “According to our curriculum and the 
materials I shared with you at the beginning of the term, what content do you 
think we will be learning (evaluating) in this simulation?” Once the content is 
correctly identified, elicit reasons why a simulation is an appropriate method for 
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learning (evaluating) this content. Judicious questioning will bring forth the points 
with which you want them to be familiar. “Think about the situation we will 
simulate. How do you think we will have to modify the setting and equipment to 
fit into the parameters of our classroom and schedule?” As this discussion takes 
place good suggestions for use of regular classroom furniture and resources will 
emerge and should be noted and employed. This gives the students real ownership 
of the simulation as opposed to participating in a teacher-designed activity. “What 
are some of the significant differences between the real world performer of a 
particular role and the student simulating that role?” The responses to this inquiry 
provide students will reasons why their performances and indeed, their 
simulation, will not be as complicated and sophisticated as the real one. “When 
we engage in simulations as class learning (evaluation) projects, each member of 
our group needs to assume some specific responsibilities; let’s suggest and assign 
those now.” Proceed to brainstorm generic tasks such as note-taking, reading, 
preparation of forms, grading, setting up classroom, handing in work, homework, 
clean-up, etc. and make sure everyone is aware of who is doing what. “Take a few 
minutes right now to look over the objectives and other materials in the packets I 
have given each team. Let’s take a look at the forms I have used in the past and 
let’s brainstorm changes you think will make them more useful.” At this time 
project the forms on a data show or overhead projector. “Please bring up any 
questions or comments at this time so we can all benefit from your concerns or 
suggestions. The work we did today will be given to you tomorrow in written 
form to add to your materials. “ Note: the first example was teacher directed and 
teacher centered. This example uses the Socratic method of teaching/learning to 
accomplish the same goals. With some groups of students talking “with” rather 
than “at” them works much more effectively. Often their questions and comments 
cover the points you were going to bring up and you can add those that are 
missed. This process increases active learning and decreases teacher talk time. 
 
7.3.1 DEBRIEFING SIMULATIONS ...a generic guide to uncovering the 
dynamics of a system. Introduction to debriefing As students become caught up in 
a simulation there can be much more learning occurring than that for which the 
simulation was designed. It is important for them to have the opportunity to sort 
out and clarify their thinking. They need to release the emotional tension of 
playing a role and move back into becoming themselves again. Also, “If their 
experiences in the simulation are not examined sufficiently, they may see the 
simulation as an isolated experience rather than as an experience that provides 
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significant insights into real systems.” (Fishbanks) Students, with appropriate 
direction, can use system dynamics tools while debriefing simulations to uncover 
the dynamics underlying the real situation on which the simulation is based. The 
precise strategy for your debriefing depends on your objectives. Discussion works 
very effectively in debriefing because students can not only try out their ideas 
with other students but can feed on the ideas of others to increase the depth and 
breadth of their own thinking. Teachers sometimes feel uncomfortable with this 
method because involvement varies and many students appear to be off task or 
not involved during a discussion while others become extremely active and 
involved. A teacher should feel free to use any discussion guidelines that work 
with his/her students as long as the free flow of ideas is not hindered nor any 
student denied the opportunity to share his/her thinking. Recounting of anything 
experienced during the simulation must be allowed and valued. At the same time 
the teacher can seek input from all students through judicious questioning. 
Thoughts and ideas can be recorded in categories on the board as long as this does 
not have the effect of curtailing discussion. Standard brainstorming technique 
mandates that all responses are valid and should be recorded without judgment. 
Suggested categories might include: personal reactions, events, problems, 
intended learning outcomes, suggested improvements, dynamics underlying 
system, and comparison to real life situation. The teacher should provide some 
assistance and structure for analyzing the feedback generated by debriefing as is 
stated in the commercial simulation Fishbanks. “Whatever the goal, the debriefing 
generally proceeds through seven stages: • describe the problems and events that 
occurred • determine the extent to which those also occur in the real system • 
decide what factors in the simulation were responsible for those problems and 
events • determine the extent to which those factors are also present in the real 
system • design changes in the simulation that would avoid or solve the most 
serious problems • indicate corresponding changes that could be made in the real 
system • gain commitment from the players that they will seek to achieve the 
necessary changes in the real system.” (Fishbanks) 
 
Suggested Debriefing Questions by Category 
 
Personal Reactions • What did you enjoy most about the simulation? • How did 
you feel about playing your role? • Why was (not) this a worthwhile activity in 
terms of learning? enjoyment? • Why do you think the teacher had you work as 
members of groups in the simulation? What did you learn from this? • What do 
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you think some long term effects on you may be resulting from this experience? • 
What emotions did you experience as you did the simulation?  
 
Events • What were the main events of the simulation? • What decisions were 
you asked to make? • What is the difference between long term and short term 
effects (consequences) of your decisions in the simulation? • What do you predict 
they would be in the real situation? • What kinds of trade-offs or compromises did 
you make during the simulation? • What trade-offs do you think would be 
necessary in the real situation? 
Problems • What problems did you encounter in making decisions or as a result 
of your decisions? • What caused those problems? • Do the events, decisions and 
problems occur in the real situation? • Are the causes of the problems similar in 
the real situation? • Can you think of some ways to change the simulation to avoid 
those problems? • Would those changes also work in the real situation?  
 
Suggested Improvements • How could the simulation be improved so that you 
and/or others learned more? • What other simulations could we create to extend our 
learning in this area? • What additional kinds of learning might occur if we ran the 
simulation for an extended period of time? • Would this be worthwhile? • In what 
ways is the computer a valuable tool to help you run this simulation?  
 
Learning Outcomes • What new learning took place for you during this 
simulation? (Consider what you learned about working together in a group, 
curricular objectives, the real world situation.) • What things you already knew 
took on new meaning? • In what aspect of the simulation did you learn the most? 
What did you learn? • What kind of connections to things you already knew did 
the simulation open up? • What is it about the simulation that caused this to take 
place? • How would you explain the difference between acting in a play and 
playing a role in a simulation?  
 
System Dynamics • Why do you think the teacher used a simulation for this 
material? • Once you have run a simulation, why isn’t it possible for you to return 
and replicate the experience? • Explain how the impact of your decisions during 
the simulation might not be evident until a future time. • How do you think delay 
between actions taken and seeing the results of the actions affects decision-
making in the real world? • Explain how people could measure long range impact 
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of decisions. • How did using SD tools help you in your work? • Where did you 
observe effects becoming causes? Explain.  
 
Real World • Describe this simulation’s connections to (is it part of) a much 
larger situation. • In what ways did your decisions during the simulation affect the 
whole situation? How did that make you feel? • What are some decisions you 
made that have not been tried in the real world situation? Why do you think that is 
so? • What leverage points did you locate; did intervention at those points 
accomplish what you wanted 
 
Following Formal Debriefing ...how to increase understanding of System 
Dynamics At this point you should have reached closure on the actual workings 
of the simulation and can extend learning through focus on the dynamics 
underlying not only the simulation but the real world situation on which it is 
based. Building on their responses in appropriate categories, help students uses 
the tools of system dynamics to facilitate a deeper analysis and a more thorough 
synthesis. They can isolate a particular behavior and construct a graph to show the 
changes in the behavior over time. The interaction of variables can be shown with 
causal loop diagrams indicating leverage points for change. Quantities that change 
over time can be modeled as stock-flow diagrams and STELLA models with the 
quantities as stocks and the policies the relationships that influence the flows. 
 
7.3.2  Simulation: The Model of Teaching 
 
Syntax 
Simulation model comprises of four phases: Orientation; participant training; 
simulation operation; and debriefing. Each phase sets the scenario for the next 
phase. The details of each phase are as follows. 
 
1. Orientation 

In this phase teacher introduces the topic of study, explains the concepts 
incorporated in the simulation activity, describe the procedure in a brief 
session. 

2. Participant Training 
The teacher explains the rules of the activity, goals to be achieved, forms 
groups assigns roles to the group members. To ensure that the students have 
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understood the activity and their role in it, the teacher holds a brief practice 
session 

3. Simulation Operations  
In this session students perform the simulation activity. Teacher acts as a 
facilitator and manager of the activity. 

4. Debriefing 
Last phase is a discussion session. The purpose of this session is to help 
students appraise the events and their perceptions and reactions, analyze the 
process, compare simulation with real life situation, relate the activity with 
their course contents, appraise and redesign simulation. 

 
Social System 
The teacher selects the materials and direct and guide the students. Teacher acts as 
a coach and a referee i.e. provides help only when students ask for it, ensures that 
rules are being followed without interfering in the activity. Students work in a 
cooperative learning environment. They share ideas, evaluate peers.   
 
Principles of Reaction 
 
1. Do not evaluate students’ decisions or moves. 
2. Facilitate students in performing the activity. 
3. Adopt and maintain non evaluative but supportive attitude. 
4. Take steps to maintain students’ interest in the activity. 
 
Support System 
Carefully structured materials prepared by experts. 
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INTRODUCTION 
 
The current explosion of technology influences the secondary education and 
science education including science student and science teachers. One effect of 
this explosion demands higher order cognitive function and greater skill 
competencies. 
 
Technology is growing at very fast pace. Along with advances in technology 
socio-cultural and scientific advances are tagged with it. So to keep abreast with 
these frequent changes , not only integration of technology with education is need 
of the time but proper use of technology in classroom and laboratory setting for 
science learning is becoming unavoidable necessity. 
 
The unit “ use of educational technology in Science Education” provides an 
opportunity to enhance knowledge and skills about these technologies. In earlier 
times educational technology was only confined to the book, black board and 
marker. These days fourth generation of technology has emerged the technologies 
like Radio, TV, Computer, Multimedia, and internet and mobile technology 
stimulate the students by engaging maximizing senses and cognition. 
 

OBJECTIVES 
 
After completion of this unit you will be able to: 
• Recognize different technologies useful for education. 
• Recognize the importance of technology for effective teaching 
• Apply and use technologies in educational setup. 
• Able to use computer and internet for effective science teaching. 
• Increase computer literacy and attitude. 
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8.1  INTRODUCTION TO TECHNOLOGY AND EDUCATIONAL 
TECHNOLOGY 

 
Educational Technology is concerned with the development, application, and 
evaluation of system, techniques and aids to improve the process of human  
learning. It could be conceived as a science of techniques, methods and media by 
which educational goals could be realised. 
 
Earlier the Concept of Educational Technology was used as a synonym to audio-
visual aids like pictures, charts, maps, and models meant for direct  teaching-learning. 
 
Then came the age of mass media which led to massive communication 
revolution for instructional purposes with the advent of programmed instruction, a 
new dimension of educational technology came into existence it has 
individualized the process of education and introduced a system of self-learning 
in the form of self- instructional material and teaching machine. 
 
This way one aspect of Educational Technology related to the use of specific 
techniques such as ‘educational television, radio, programmed learning and other 
audio-visual aids. 
 
Educational technology is seen both as a means as well as service to effect and 
facilitate better and more productive learning systems. It may be  defined as a 
separate field in the theory of education dealing with the development and 
application of the use of educational resources. 
 
Educational Technology should not be confused with teaching or instruction or 
education or learning or engineering but it should be taken as a sum  total of all 
such aspects which go a long way in shaping the personality of the learner in a 
meaningful context. 
 
It is neither technology in education nor technology of education but both and all 
pervasive which pervades the whole teaching-learning process to  make it 
meaningful for the teacher who teaches and the learner who learns and modifies 
his behaviour for his own betterment. 
 
There are a lot of misconceptions as regards the meaning of educational 
technology. For many, it is a discipline associated with the use of audio-visual 
media in education. Some use the term software and hardware as synonyms of 
educational technology. Whereas, some people are comfortable with the term 
teaching machines as the meaning of educational technology. The truth of the 
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matter is that none of the above could actually be taken as correct interpretation of 
the meaning of educational technology concept. 
 
A Short Historical Retrospect 
In the early period of human history, when writing was unknown, the method of 
verbal presentation on the part of the teachers and citation and memorization on 
the part of the students was a common practice in almost all the civilization of the 
world. Socrates’ teacher-pupil oral dialogue system prevalent in the west and oral 
teaching tradition maintained by the ancient sages in the Gurukuls of our country 
may be cited as a testimony of the use of relevant technology on the field of 
teaching-learning at a particular age in the progress of human civilization. 
 
With the advent of writings as the means and materials of communication, like 
writing on the leaves and tree-trunks, engraving on metals and rocks, and then the 
use of the some type of paper and ink material provided the next breakthrough in 
the use of writing technology for teaching and learning. In the time to come, it 
provide a great impetuses  in the field of teaching and learning which witnessed 
the use of the subject matter available in the form of printing materials and 
textbooks, a great scientific and technological advancement. 
 
The use of writing and printing technology then took its next leap in helping the 
cause of teaching and learning by utilized in the production and use of the 
instructional materials like chalkboard, pictures, chart, models, maps, diagrams 
and other graphic material. 
 
Educational technology in a  way could be traced back to the emergence of very 
early tools, e.g., paintings on cave walls. But usually its history is made to start 
with educational film (1900′s) or Sidney Pressey’s mechanical teaching machines 
in the 1920′. 
 
Today, presentation-based technology, based on the idea that people can learn 
contents trough aural and visual reception, exists in many forms, e.g., streaming 
audio and video, PowerPoint presentations + voice-over. 
 
The 1950′s led to two major still popular designs. Skinners work led to 
“programmed instruction” focusing on the formulation of behavioral objectives, 
breaking instructional content into small units and rewarding correct responses 
early and often. Advocating a mastery approach to learning based on his 
taxonomy of intellectual behaviors, Bloom endorsed instructional techniques that 
varied both instruction and time according to learner requirements. 
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The 1980′s and 1990′s produced a variety of schools that can be put under the 
umbrella of the l Computer dominated instruction. 
 
Digitized communication and networking in education started in the mid 80s and 
became popular by the mid-90′s, in particular through the World-Wide Web, 
email and Forums.  In addition, modern ICT provides education with tools for 
sustaining learning communities and associated knowledge management tasks. It 
also provides tools for student and curriculum management. 
 
In addition to classroom enhancement, learning technologies also play a major 
role in full-time distance teaching. While most quality offers still rely on paper, 
videos and occasional CBT/CBL materials, there is increased use of e-tutoring 
through forums, instant messaging, video-conferencing etc. Courses addressed to 
smaller groups frequently use  hybrid designs that mix presence courses with 
distance activities and use various pedagogical styles. 
 
From 2000′s onword emergence of multiple mobile and ubiquitous technologies gave 
a new impulse to situated learning theories favouring learning-in-context scenarios. 
Some literature uses the concept of integrated learning to describe blended learning 
scenarios that integrate both school and authentic  settings. 
 
Meaning  and Definition of Educational Technology 
Educational technology is comprised of two words education and technology. 
When we apply the science of learning and communication to teaching we evolve 
a technology. 
 
Before understanding the meaning of educational technology it is essential to 
know the meaning of the term” technology”. The word ‘technology‘ has been 
taken  from the Greek word (techniques) which means an art and which is related 
with skill and dexterity. 
 
The term ‘technology’ implies the application of science to art. Generally the term 
“Technology” denotes the systematic application of the knowledge of science to 
practical tasks in industry. 
 
Educational technology is a discipline that is difficult to define. Its meaning can 
be derived from the two components of technology in education and technology 
of education. It is an eclectic discipline that borrows from such educational fields 
like psychology, sociology and philosophy. 
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The universally accepted definition of ET involves processes, methods and 
techniques, products, resources and technologies organized into workable 
systems. The recognition of the need for a multilevel organisation of a classroom, 
for instance, along with the designing of an appropriate programme and its 
implementation, become as much an exercise in ET as the use of audio-visual aids 
or the information superhighway. 
 E.E. Hadden “Educational Technology is that branch of educational theory 

and practice concerned primarily with the design and use of messages which 
control the learning process.” 

 G.O. Leith “Educational Technology is the application of scientific 
knowledge and learning and the conditions of learning to improve the 
effectiveness and efficiency of teaching and training.” 

 John P. Dececco “Educational Technology is the form of detailed 
application of psychology of learning to practical teaching problems” 

 Richmond “Educational Technology is concerned to provide appropriately 
designed learning situations which, holding in view of objectives of the 
Teaching of Training, being to bear the best means of instruction.” 

 Robert M. Gange defined Educational Technology as “The Development 
of asset of systematic techniques and accompanying practical knowledge for 
designing, testing and operating schools as educational systems. 

 S.K. Mitra “Educational Technology can be conceived as a science of 
techniques and methods by which educational goals could be realized.” 

 S.S. Kulkarni “Educational Technology may be defined as the application 
of the laws as well as recent discoveries of science and technology to the 
process of education.” 

 
Hence, “Educational   Technology” may be roughly defined as the systematic 
application of the knowledge of sciences to practical tasks in Education. It was 
widely accepted as the application of systematic design of a learning system to 
bring about improvement in   teaching-learning evaluation process. 
 
Literary Interpretation of Educational Technology 
“Education” is another elusive term that means many things to many people. 
According to Oxford English Dictionary (2000), the term means “a process of 
teaching, training and learning, especially in schools or colleges to improve 
knowledge and develop skills”. There seems to be a consensus among definers of 
the term education. Education is regarded as “that which is given to an individual 
to make him develop socially, morally, and intellectually as to allow for his/her 
personal overall development and the development of the community in which 
he/she finds himself/herself”. By implication, education, whether formal or 
informal, is goal-oriented. It is to be functional, qualitative and socio-personal 
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driven. It is because of the role attributed to education by the society that account 
for its being defined as “transmission and renewal of culture from one generation 
to another”. 
 
“Technology” on the other hand, is simply defined by the Oxford English 
Dictionary as “a body of knowledge which when used / applied helps in solving 
problems”. One can then infer, from the literal point of view, that educational 
technology means “application of a body of knowledge (technology) to solving 
educational problems. “the contributions of technology to education constitute or 
mean educational technology.” 
 
Subtle aspects of educational technology 
During the last two decades, many significant developments have taken place in 
the discipline of education Educational technology has become a very major and 
useful area of knowledge relevant for more efficient and effective functions of 
teaching-learning system. 
 
There are two subtle aspects of educational technology— Technology in 
Education and Technology of Education. 
 
Concept of Technology in Education 
By the term “technology in education” is meant application of machines, gadgets 
or equipment to improve the quality of education. This aspect is described as the 
“hardware” approach to educational technology. It involves the use of pieces of 
instructional materials (media) such as audio media, visual media, projected 
media, graphics, computers and other teaching machines. It is important to note 
that hardware/machines are means through which information are extracted from 
their corresponding software. Technology in Education covers every possible 
means by which knowledge or information can be presented interestingly. It is 
concerned with various equipments such as projectors, overhead projectors, 
television, computers etc., used for education and training. 
 
Concept of Technology of Education 
The term “technology of education” refers to application of theories and 
laws/rules in education and  related disciplines for the purpose of improving the 
quality of education. Such related disciplines include: sociology/sociology of 
education, philosophy/philosophy of education, psychology/psychology of 
education, communication, technology, etc. Technology of education is a 
component of educational technology that is involved in the use of systems 
approach to promote high quality education. Furthermore, this aspect of 
educational technology is concerned with the use of systematic and scientific 
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procedures in educational practice. Simply put, technology of education refers to 
the application of the systems approach to educational enterprise. Its main 
concerns include issues bothering on identification of educational problem, 
analysing the problem, setting objectives, suggesting solution strategies, 
synthesizing the processes, embarking on evaluation and providing feedback. 
Technology of Education is concerned with the better understanding of the 
learners and learning processes and how best the available resources can be used 
optimally for producing learning in the minimum time possible. 
 
At this junction, it is to be noted that a combination of the meaning of technology 
in education and technology of education will provide a fairly acceptable/ 
description of educational technology. 
 
Nature of Educational Technology 
Some people assume that educational technology will replace the teacher which 
will make the teacher unemployed one day. It is their mistake. Educational 
technology can never replace the teacher. It is because of these aspects of 
educational technology. 
 
 Audio-visual aids cannot be termed as educational technology. It is because 

its concern is only with the process-aspect of educational technology and not 
with the input and output aspects. But if these A.V. aids are used to achieve 
educational objectives, then it can be put in the category of Educational 
technology. 

 Educational Technology accepts schools as a system. In this system, the 
school-building, furniture and teachers act as input while various methods, 
techniques, strategies and the teaching and examination with the help of 
audio-visual aids function in the form of a process. Lastly, the output is in of 
form of ability of the pupils. 

 Educational Technology cannot solve each and every problem of education. 
It can be used successfully in teaching and instructional system only. 

 Educational Technology is a continuous dynamic, progressive and effect-
producing method. 

 Educational Technology studies the effect of science and technology upon 
education. In other words, science and technology are used under 
educational technology. Hence, it is the practical aspect of science. 

 Engineering Technology is not the educational technology because the 
engineering technology has manufactured radio, tape- recorder, video-tape 
and T.V., etc., which are used in teaching as audio-visual aids, but still 
engineering technology is different from educational technology. In 
education, it is accepted as hardware approach only. 

195 



 New conceptions are possible only due to educational technology such as 
programmed learning, micro-teaching, simulated teaching, interaction 
analysis, video-tape, tape-recorder, projector and computer, etc. 

 Programmed Instruction is also different from Educational Technology. Its 
main cause is that the student learns himself during the programmed 
instructions. It does not allow interaction between pupil and teacher. Hence, 
it can be used only for limited objectives and limited subject-matter. 
Therefore, programmed instruction is merely a part of educational 
technology. 

 The basis of educational technology is science. 
 
Characteristics of Educational Technology 
 Characteristics of Educational Technology are as follows: 
 It is a fast growing modern discipline. 
 It is bound to improve the teacher, the learner and the teaching learning 

process. 
 It brings pupils, teachers and technical means together in an effective way. 
 It is based on scientific and technological advancements. 
 It is more a practical discipline and less a theoretical one. 
 It makes use of the research findings of psychology, sociology, engineering, 

sciences and social psychology etc., and applies the same to the field of 
education. 

 It is the science of techniques and methods. It locates the problems in the 
field of education, remedies them and ultimately aims at improving the 
education system. 

 
Goals of Educational Technology 
ET could be defined in simple terms as the efficient organisation of any learning 
system, adapting or adopting methods, processes, and products to serve identified 
educational goals. This would involve: 
•  Appreciation of the role of ET as an agent of change in the classroom, 

influencing the teacher and the teaching-learning process, and its role in 
systemic issues like reach, equity, and quality. (This appreciation should not 
be limited to educators alone, but should extend to planners and 
administrators as well, since systems both at micro and macro levels will be 
necessary to meet the current challenges of education.) 

•  Designing, providing for, and enabling appropriate teaching-learning 
systems that could realise the identified goals. 

•  Developing a range of support systems and training, creating the enabling 
systemic conditions/materials, reaching these to the school system, and 
training teachers and students to use them. 
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•  Recognition of not only the immediate needs of children but also their future 
needs in relation to the society for which we are preparing them. 

•  Recognition of the diversity of learners’ needs, the contexts in which 
learning will take place, and the range of provisions needed for them. 

•  Research into existing and new techniques, strategies and technologies for 
solving problems of education, enabling judicious and appropriate 
application of technology. 

•  Systematic identification of the goals of education, taking into account 
nationwide needs (higher scalability, for instance), the system capabilities, 
and the learners’ needs and potential. 

 
Objectives of Educational Technology 
Educational technology, in the capacity of technology of educational, provides 
valuable help in the total teaching-learning process for achieving the possible 
results in an economic way through the available human and non-human 
resources. In the respect, the major objectives of education technology can be 
summarized as follows: 
 
Objectives at the Macro Level 
In view of the broad educational goals, i.e. the macro level, the objectives of 
educational technology can be listed in the following way 
1. To identify educational needs aspiration of the community. 
2. To determine the aims of education, broad strategies and structure of 

education. 
3. To develop a sustainable curriculum with interaction with science, art and 

human values. 
4. To identify man-material resources and strategies for achieving the 

stipulated aims of education. 
5. To develop certain models leading to improvement of the process of 

teaching and learning. 
6. To develop the appropriate aids and equipment to meet the educational 

purposes. 
7. To identify the major constraints in the environment and the ways and 

means to tackle those. 
8. To help in extending educational opportunities to the masses especially the 

neglected section of the community. 
9. To manage the whole educational system covering planning, 

implementation and the evaluation phases. 
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Objectives at the Micro Level 
In view of specific classroom teaching, i.e. the micro level, the objectives of 
educational technology are as follows: 
 
To identify and analyze the characteristics and educational needs of the pupils. 
1. To determine the specific classroom objectives and state them in behavioral 

terms. 
2. To analyze the contents of instruction and organize it in proper sequence. 
3. To identify the available teaching-learning materials and resources. 
4. To identify the nature of the interaction of the sub-systems like students, 

teachers, teaching-learning materials, content of instruction and 
methodologies. 

5. To plan the teaching strategies and utilize the man-material resources for 
achieving specific classroom objectives. 

6. To plan the teaching strategies and utilize the man-material resources for 
achieving specific classroom objectives. 

7. To plan the teaching strategies and utilize the man-material resources for 
achieving specific classroom objectives. 

 
Functions of Educational Technology 
The main functions of educational technology are as follows: 
(i) To convert behavioural objectives into the learning conditions in the context 

of educational objectives. 
(ii) To analyse the characteristics of the learners. 
(iii) To organize the contents. 
(iv) To formulate or construct the media of presenting the contents. 
(v) To evaluate the performance of the pupils with reference to the achievement 

of educational objectives 
(vi) To provide reinforcement and feedback in order to modify the behaviour of 

the pupils. 
 
Importance and Need of Educational Technology 
There are three major factors that emphasize the linking of education with 
technology. 
(i)  Explosion of population. 
(ii)  Explosion of new knowledge. 
(iii)  Explosion of scientific and technological development 
 
Educational Technology enjoys special importance in all the countries of the 
world, as it: 
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Increasing the Effectiveness on Teaching-Learning Process-Educational 
technology brings desired improvement in teaching-learning process by making it 
effective. It develops to the maximum the cognitive, affective and psychomotor 
aspect of the pupil. 
 
Maximising the Output—Educational technology has maximised the learning 
facilities. It is because it uses the principles indoctrinated by Psychology, 
Sociology, Mathematics, Engineering and other social and scientific subjects. 
Their input maximises their output in the form of their competency by this 
technology. 
 
Optimum Use of Resources—The developing countries possess very limited 
resources. They lack experts, machinery or tools, school building, stationary and 
time. Educational technology emphasizes the maximum use of available resources 
in the learning situations, which may benefit all the pupil of the nation from those 
limited resources which are available for teaching work. 
 
Components of Educational Technology:- 
The following are the major components of Educational Technology:- 
(i)  Methods: It is concerned with the devices such as Programmed Learning 

Team Teaching, Micro Teaching, Personalized System of Instruction in 
Teaching Learning situations. 

(ii)  Materials: Instructional materials such as Programmed Text book the 
material of this type may be handwritten or printed. 

(iii)  Media: The media used here are audio, or visual or audiovisual. A few 
examples are radio, tape recorder, charts, films, educational television etc. 

(iv)  Man Power: Man power controls educational technology in every way. 
Educational Technology without man is zero. 

 
Dimensions of Educational Technology 
Attempts to further provide fuller description of educational technology has led to 
the emergence of three dimensions of educational technologies). 
 
a) Educational Technology I (ET I) 

This dimension of educational technology focuses more on physical media 
that are designed and developed to improve the quality of teaching-learning 
process. This refers to the use of instructional materials of all categories to 
facilitate learning . It can also be called the hardware approach to teaching 
and learning. 
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b) Educational Technology II (ET II) 
The meaning of this dimension of educational technology is closely refers to 
all strategies, techniques and means through which instructions are 
designed, planned, implemented and evaluated. It does not exclude 
integration of laws and rules especially in the field of education for proper 
integration and utilisation of media for better results. 

 
c) Educational Technology III 

This aspect of educational technology is usually attributed to philosophical  
orientation based on the concept of problem analysis and goal achievement.  
It has its roots on the systems theories and applications. This aspect attempts 
at putting man and machine efforts together to improve the quality of 
instruction. 

 
Perspectives of Educational Technology 
If educational technology is viewed as both processes and tools, it is important to 
begin by examining four different historical perspectives on these processes and 
tools, all of which have helped shape current practices in the field. These 
influences come to us from four groups of education professionals. Because each 
of these groups emerged from a different area of education and/or society, each 
has a unique outlook on what educational technology is, and each defines it in a 
slightly different way. 
 
Perspective 1: Educational technology as media and audio-visual 
communications — This perspective grew out of the audio-visual  movement in 
the 1930s, when higher education instructors proposed  It is observed that media 
such as slides and films delivered information in more concrete, and therefore 
more effective, ways than lectures and books did. This movement produced 
audio-visual communications or the “branch of educational theory and practice 
concerned primarily with the design and use of messages that control the learning 
process” .The view of educational technology as media to deliver information 
continues to dominate areas of education even today. 
 
Perspective 2: Educational technology as instructional systems and 
instructional design— This view  is based on efficiency studies and learning 
theories from educational psychology, they advocated using more planned, 
systematic approaches to developing uniform, effective materials and training 
procedures. Their view was based on the belief that both human (teachers) and 
nonhuman (media) resources could be part of an efficient system for addressing 
any instructional need. Therefore, they equated “educational technology” with 
“educational problem solutions.” 

200 



Perspective 3: Educational technology as vocational training — Also known 
as technology education, this perspective originated with vocational educators in 
the 1980s. They believed  that an important function of school learning is to 
prepare students for the world of work in which they will use technology and  that 
vocational training can be a practical means of teaching all content areas . 
 
Perspective 4: Educational technology as computer systems (a.k.a. 
educational computing and instructional computing) — This view began in 
the 1950s with the advent of computers and gained momentum when they began 
to be used instructionally in the 1960s. Teachers began to see that computers also 
had the potential to aid instruction. At first, programmers and systems analysts 
created all applications. But by the 1970s, many of the same educators involved 
with media, AV communications, and instructional systems also were researching 
and developing computer applications. By the 1990s, educators began to see 
computers as part of a combination of technology resources, including media, 
instructional systems, and computer-based support systems. 
 
Domains of Educational Technology 
Educational technology has three domains of use: 
1- Technology as a tutor (computer gives instructions and guides the user), 
2- Technology as a teaching tool and 
3- Technology as a learning tool. 
 
Today’s children use modern technical equipment from an early age so that their 
coming in with new educational technologies at school will not be a problem find 
out that more students use modern technical equipment. 
 
When using educational technology we should be primarily focused on the 
educational value of the tools and applications we use, how adequate they are in 
the acquisition of knowledge, whether there is an interaction between users and 
tools, and if we have positive effects in using them. A number of authors suggest 
that we should focus on five areas of software programs that have the potential to 
strongly influence children’s learning experience: 
1.  The educational value of the program, 
2.  Its ability to engage children in learning, 
3.  Ease of use, 
4.  Interactivity between the child and programs, 
5.  The possibility that a software program monitors the progress of the child. 
 
 
 

201 



Scope of Educational Technology 
Educational Technology is as wide as Education itself. Educational Technology 
implies the use of all educational resources – Men, Materials, Methods and 
Techniques, Means and Media in an integrated and systematic manner for 
optimized learning. The below mentioned technologies are included in it. 
 
Behavioural Technology: Behavioural technology is the important component of 
Educational Technology. It puts emphasis on the use of psychological principles 
in learning and teaching so that the behaviour of the teacher and pupils may be 
modified in accordance of the teaching objectives. 
 
Instructional Technology: Instructional Technology means a network of 
techniques or devices employed to accomplish certain defined set of learning 
objectives. Instructional technology implies the application of psychological, 
sociological and scientific principles and knowledge to instruction for achieving 
the specific objectives of learning. 
 
Teaching Technology: Teaching is the social and professional activity. It is a 
process of development teaching is system of actions which induce learning 
through interpersonal relationship. Teaching technology is the application of 
philosophical, sociological and scientific knowledge to teaching. 
 
Instructional Design: In order to bring desired changes in the pupils’ behaviour, 
the teaching situations, working tools and new approaches were considered 
important in addition to the learning principles. The composite form of all these is 
instructional design. 
 
Training Psychology: Training psychology is an important method of teaching 
and learning. Its development resulted out of the research work carried out on the 
complicated training problems and situations. 
 
Training psychology emphasizes that the whole training task should be divided 
into three parts. These are preparing outline of the task, task analysis and Putting 
the task in sequence. The main role of training psychology is in Teacher 
Education. 
 
Cybernetic Psychology: It’s a part of training psychology. Cybernetic 
psychology accepts human beings as machine. Cybernetic psychology emphasizes 
the fact that all the methods of feedback bring the desired changes by controlling 
the behaviour of the pupil. 
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System Analysis: System Analysis is a problem solving process in which the 
needs of the management are diagnosed and by using an appropriate method for 
solving the problem, evaluation is carried out. 
 
Working areas of Educational Technology 
The working areas of Educational Technology includes the following: 
 Audio-Visual materials, 
 Curriculum Construction, 
 Determining Educational Objectives, 
 Feedback, Hardware and Software 
 Teaching-Learning Strategies, 
 Training the teachers, 
 
In short, the scope of Educational Technology extends to all resources (human 
and non-human) for the augmentation and development of education. Thus 
Educational Technology has a wide scope. 
 
Students’ Involvement with Educational Technology 
One of the most important issues is to understand the process of students’ 
familiarization with technology. Teachers have to deal with this issue and to take 
into consideration not only students‘ adoption rates in terms of the utilization of 
technology in the classroom. 
 
As technology activities are a valuable vehicle for all types of learning have found 
that there are three different formulations regarding educational technology that 
can be identified as stages of learning with technology: 
 
Stage 1: Awareness of Technology: Adoption to Innovation 
Rogers  developed a generalized theory concerning the way that innovation is 
adopted. He defined innovation as ―an idea or object that is perceived as new by 
an individual or other unit of adoption and that creates uncertainty and resistance 
in those affected by it‖. Rogers states that ―newness in reference to an innovation 
does not refer to new knowledge, but to an idea, practice or object about which 
the person has not yet developed favourite or non-favourite attitudes, not adopted 
nor rejected‖ . This is a very important part if we consider that students are not 
predisposed neither in favour nor against educational technology as a teaching 
method. 
 
Stage 2 : Competence of Technology 
One of the most important concepts of the learning process at this stage is task 
grasp‖, that is the task that actually is regulating a learner‘s behavior. There are 
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various factors that influence how this ―task grasp‖ can be achieved through 
educational technology. Students learn best by beginning with concrete 
experience and then move progressively to reflection and abstract understanding‖. 
Another factor that influences students‘ learning is students‘ capabilities at a 
particular age. The learning task should be tailored to the students‘ capabilities 
rather than the students having to fit in the software designer‘s generalized 
understanding of how learning should take place. 
 
Stage 3 : Capabilities of Technology 
At this stage, students as they have initiative for their actions, start finding out the 
most efficient way to achieve their goals.  This is a very important stage as 
research has shown that moving towards student-cantered classrooms can be very 
effective, as this method of teaching ― takes advantage of multiple human 
abilities  recognizes the social basis of learning  and values learning in context. 
 
Use and Significance of Educational Technology (in the Pakistani context) 
In Pakistan, before the 1960’s the term educational technology was almost 
unknown to the educational system. It was used as synonym to audio-visual 
teaching aids. The role of educational technologist in India, today, is not merely 
that of an audio-visual aid master, hardware expert, media expert or programmed 
text writer, but of one who is concerned with the information of an overall design 
to carry out an evaluation of the total process of education in terms of specific 
objectives. 
 
Educational technology, as we find it today, has a meaningful present and 
promising future in our country. Some of the significant development in this 
direction may be summarized as follows: 
 
There has been a wider and more effective utilization of radio for broadcasting 
educational programs throughout the country. These well planned programs are 
now broadcast throughout the country for both in-school and out-of-school 
groups. 
1. Another significant development in the use of educational technology is 

concerned with the development of television programs. 
2. The third important area where educational technology has been useful is 

the problem of -training and re-training a large number of school teachers in 
an effective way. 

3. Another application of educational technology in our country is known as 
distance education. 

4. Another major area where educational technology is being used in our 
country relates to language instruction. 
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5. Another field of operation of educational technology in our country is 
concerned with the correspondence education, 

6. Another use for which educational technology is being put in our country is 
concerned with preparation, development and utilization of audio-visual 
material, and handling as well as maintenance of the hardware appliances 
and sophisticated gadgets. 

7. In the latest trend, educational technology is providing its worth by utilizing 
the services of computers and advanced form of ICT technology in the field 
of education. 

 
Thus, educational technology has been providing its worth in our country by 
guiding, planning, implementing and evaluating various programmes of formal as 
well as non-formal education. 
  
Conclusion 
 
The presence of educational technology is growing in the classroom. The new 
generation of kids come ready to work with these new technologies, which play 
an important role in children’s learning and acquiring various cognitive 
knowledge so that educational technology must be incorporated into future 
curricula. 
 
The application of educational technology enhances skills and cognitive 
characteristics. With the help of new technology comes an explosion of learning 
and receiving new information, especially on mobile devices. 
 
Teachers have been using new technologies in the classroom. However, the 
development and application of new technologies grows as a measure that is the 
question of whether teachers are trained to keep up with them. Here we have two 
problems. Are the teachers have the ability to use educational technology and 
whether the school is sufficiently equipped with all modern technical means? 
Numerous studies were carried out, some are still ongoing, but we have to find the 
right strategies to apply educational technology in teaching.  
 
8.2 RADIO AND TV IN SCIENCE TEACHING 
 
Radio has been playing a vital role in the field of communication since its origin. 
After the growth of the printed word as an instrument for the dissemination of 
idea, message, information and knowledge, the spoken word appeared with fresh 
tonal values as the vehicle of communication. Radio works with sound only and 
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as such it has got immense potentiality. It has the power to stimulate values, to stir 
imagination and to increase knowledge and understanding. Several studies 
conducted from time to time around the world have established that education 
through radio is as effective as classroom teaching and even in many cases has 
excelled the latter. It has been revealed from the research studies that in almost all 
the curricular subjects including music, radio has worked miracle. 
 
Radio is regarded as an extension of personal communication, an effective 
communication with the individual as well as the groups. At one time radio can 
arrest the attention of thousands of people irrespective of its clientele of various 
educational attainments. 
 
Radio being one of the new technologies is in vogue in education now-a-days. 
Since teaching 2 and learning involve communication between the teacher and 
learner through one of the media, the radio facilitates the process in the field of 
education. with regard to the advent of the new technology, Faure et al. (1973) 
have got a positive view in respect of simplified technology, 
 

"... it would be useful, at the same time as advance technology is 
developed, to use simplified technologies, adopted to a country's 
particular needs and possibilities, we should encourage use of new 
technologies which do not require massive investment, and 
intermediate technologies able to help the regeneration of education in 
developing countries. We should not delay moving ahead while 
waiting for new principles to be deduced from advanced educational 
technology, the significance of which is far greater than that of mere 
techniques " (p. 132). 

 
Radio is one of the mass communication media which has got a greater advantage 
over other media in operation. In this connection Hachten (1974, p. 99) has 
remarked, "Radio easily overcomes great distance. The availability of cheap 
transistors has made this medium more popular. When Africans cling to their oral 
traditions, the spoken word gives the best results." 
 
Taking into consideration the potentiality of Educational Technology in which 
radio is a part. 3 it has been enunciated by the Government of India in the 
National Policy on Education (1986), 
 

" Educational Technology will be employed in the spread of useful 
information, the training and retraining of teachers, to improve quality, 
sharpen awareness of art and culture, inculcate abiding values etc. both 
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in the formal and non-formal sectors. Maximum use will be made of 
the available infrastructure. In villages without electricity, batteries or 
solar packs will be used to run the programme " (p. 22). 

 
The radio has got a distinctive role to play in the field of education due to the 
following reasons: 
 

Radio extends the area of acquaintance The child gains knowledge 
only coming in contact with the physical world around him with which 
he is acquainted. This area of acquaintance is limited. He does not get 
the scope to enhance his knowledge and experience about the world 
outside. But radio does this. It brings the world into the classroom by 
means of different formats like description, narration, dramatisation, 
story telling, featurisation along with on-the-spot recorded materials 
accompanied with the original voice and natural sounds. In this way 
radio extends the area of acquaintance. Corroborating the above values 
of radio, Willey and Young (1948) have said. 4 " As the scope and 
range of his experience expands, the child no longer is limited by 
geographical boundaries. Without his being conscious of the process, 
radio becomes an integral, vital part of his life, linking his immediately 
and Inevitably with a world beyond him " (p.5). 

 
As has been rightly remarked by Levenson and Stasheff (1958, p. 8} that, "the 
most isolated classroom can get the world geography over radio. It is translated in 
such terras which is becoming meaningful to the child." 
 
In the words of Forsythe (1971, p. 355), "Radio has the ability to transport 
listeners around the world or backward or forward in time." 
 
It brings people of rare contributions 
Radio brings the people, dead or alive, to the classroom who have rare 
contributions to the society. Even normally it is not possible on the part of the 
pupils to hear the voice of such people. In this connection it may be cited that the 
voice of a great scientist, inventor, and/or outstanding writer, poet, musician, 
explorer can be heard over radio giving direct experience to the child. 
 
It places events of current nature 
Radio presents national as well as international events of current nature and thus 
keeps the pupils informative. The horizon of their 5 knowledge expands. Radio 
carries the fresh information earlier than the same is found in the newspapers or 
magazines. Levenson and stasheff (1958) have observed rightly, 
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"Radio presents and interprets the events while it is still current and 
before it becomes history, whereas text-books and even magazines 
cannot do that. As pupils listen to selected news broadcasts and 
discussions of crucial issues, they become increasingly aware of the 
complex problems they will meet as citizens " (p. 5). 

 
It helps inculcating values 
Since radio works with voice and sound only, it helps the students in their 
imagination when exposed to broadcasting. It also acts in stimulating interests of 
the children and extracting creativity in them. To cite the views of Mathews 
(1975), 
 

"To give children a knowledge and command of words and to train 
them in the art of listening are educational objectives universally 
recognized, in pursuing these objectives the teacher will find in radio a 
resource of special value. Radio images can be more vivid than reality 
because they rely on personal reminiscence, imagination and 
interpretation. They can compel, at their most effective, a greater 
involvement than some visual signals but they demand an ability to 
listen and a knowledge of words. By using programs that demand 
these two requisites the teacher has a device well suited to help in the 
development of the art of listening and the knowledge and command 
of language " (p. 17) 

 
It helps the slow learners and the pupils having poor sight 
The pupils listen to the teachers in the classroom. They supplement the learning 
by going through the books prescribed for the purpose. Since all the children do 
not equally benefit from the books, they need the assistance of broadcasting• The 
learners having defective eye sight also get trouble while reading. For them radio 
broadcasting becomes more helpful in their learning. As pointed out by Levenson 
and stasheff (1958), 
 

"psychologists have noted that not all children learn equally well from 
the printed word; to some sound is very helpful. To these children, as 
well as to those with poor sight whose reading habits must be guarded, 
a school without a radio receiver is indeed an educational tragedy " 
(pp. 20-21). 
 

It teaches all subjects particularly language and music 
Almost every subject can be taught through radio. But the radio is more suitable 
for certain subject areas such as language teaching music etc. These subjects are 
best taught through radio even than that of television. According to Shukla (1979, 
p. 11), "Radio specifically can provide 7 opportunities for developing listening 
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comprehension as well as improvement of vocabulary, proper intonation, 
pronunciation and formalities of speech". 
 
It refreshes the knowledge of teadhers 
A broadcast programme when presented carries the content more than what is 
found in the text-books. The programme also does not cover single subject. 
Various subject areas come into the fold of broadcasting. Thereby it helps the 
teachers refreshing their knowledge on various subjects. Even they come in 
contact with the innovative methods and techniques, change of curricula to enrich 
their professional standards as well as the quality of education. To quote Goyal 
(1985 , p.l), "Radio as a medium is attractive and interesting. Its proper provision 
and use can make teachers resourceful, imaginative, knowledgeable and skillful. 
It is likely to enhance their quality of teaching". 
 
Other points which go in favour of the utilisation of radio in education are 
 
Wide Coverage 
Radio covers a very wide geographical area. Even the schools situated at the 
remote corner of the country can listen to the radio programmes. Mountains, hills, 
rivers, forests do not stand as bar against its transmission to the pupils of such 3 
areas. It can extend education to a greater student-population at one time which 
ultimately saves time, energy, money and manpower. As viewed by Nath (1978), 
** Educational Broadcasting has immense possibility in developing country 
where constraints of finance, equipment, qualified teachers and other inputs 
operate adversely. Large coverage is an important point in its favour * (p. 9). 
 
 
According to Fossard (1984), " Radio is a very effective medium for 
communication. In some places of the world, it is the only medium of education 
for children who live in very remote areas. In these cases, radio must become the 
school; the radio program must become the class." (p. 3.) 
 
Cheap Medium 
In comparison with other technologies which are in vogue in the field of mass 
education, radio is regarded as the cheapest medium now-a-.days . Even the 
schools at the rural setting can have a radio without much difficulty. In support of 
the cheapness of the medium Jamison and McAnany (1978) have said, "  
 

" Radio broadcasting is one medium of mass communication that is 
proving to be essential for rural development. It has been used in both 
formal and non-formal education. 9 Evidence appears to show that radio 
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broadcasting is more popular than other mass communication media such 
as television broadcasting because of its cheapness " (p. 334). 

 
Infrastructure and experience 
Radio has got a well-developed infrastructure for production of programmes as 
well as transmission of the same. This has been possible due to the well organised 
system in the use of this medium over the years. 
 
The use of this medium is also backed by long experience in the field manned by 
trained personnel. Among the newer technologies, radio ranks first in respect to 
its use in education. As such, experiences in this regard have been accumulated 
over the years which assist in the smooth running of the medium. 
 
Inexpensive production and utilisation 
The production of educational radio programmes is less expensive in comparison 
to that of television programmes. Similarly, the cost involved in the utilisation of 
the same is much less than that of television. When there is no power supply the 
television cannot function but radio can function with the help of battery and as 
such no difficulty is faced in the utilisation of educational radio programmes. 10 
Mathur (1965) has also conformed the above statement, 
 

"In the present situation the radio has some obvious advantages, 
production and transmission arrangements are already much advanced 
and the costs are not so high. Shortage of low priced receiving sets is a 
serious challenge and transistorised sets produced and distributed in 
large numbers will be a blessing to villagers and towns people alike. 
Besides, no medium can provide for the production and presentation of 
programmes of local and regional culture to the extent that the radio 
can * (pp. 12-13). 

 
According to Cassirer (1971, p. 199), "The recording of radio programmes is easy 
and relatively inexpensive, and school system in Great Britain maintain supplies 
of recordings for their teachers to use in the classroom." 
 
Easy repair and low maintenance  
Another plus point in favour of radio is that it can be repaired easily and the spare 
parts do not cost more than that of television. The technical know-how is 
available even in the rural areas whereas it does not hold good in case of 
television. Maintenance of radio is within the easy reach of any type of 
educational institutions. It does not need more power to function when it operates 
in electricity. In absence of power supply, radio can be operated in battery, the 
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cost of which is nominal. u Considering the effectiveness of Radio in education it 
has been advocated in the Report of the Education Commission, 1964-66 (1971), 
 

"We recommend that Education Departments should work with the 
Pakistan Radio for the use of radio lessons, supplemented with printed 
material for the teachers, and, if possible, for the pupils, we also 
recommend the broadcasting of special radio talks, in the early 
morning or late evening, specially designed for teachers whicn will 
help to deepen their subject knowledge and guide them in lesson 
preparation." (p. 412). 

 
In this connection the opinion given by Faure et al, (1973) is timely and relevant, 
where in they have very firmly stressed the use of radio in education in 
developing countries which may be read as, 
 

" Radio is the only advanced communication technique which has 
found its proper place in developing countries. Where conditions have 
permitted, it has become well established and widespread; yet, it seems 
to us that insufficient educational use is made of this virtually 
universal method of distribution. People often seem to have been 
deterred by the reputedly greater efficiency of other media which, 
however, have the major defect, compared with radio of being unable 
to cope for such widespread distribution - or anything like it - for a 
long time to come. The very low cost and adequate reliability in all 
climates of 12 miniature transistor radios mean that radio broadcasting 
should more and more be recognized as a particularly suitable medium 
for educational purposes. H (p. 122) 

 
Realising the importance of Educational Broadcasting, Mohanty (1984) very aptly 
has said, 
 

"Importance of educational broadcasting cannot be over emphasized 
for accelerating the pace of national development in general and for 
bringing about qualitative as well as quantitative improvement of 
education in particular. This is felt more significant in developing 
countries like India where socio-economic condition is yet to reach a 
take-off stage and universalization of elementary education is still to 
be realized as per the Constitutional Directive " (p. 1). 

 
Radio has gained reputation not only in formal setting of education but in non-
formal system too. Non-formal system of education may be defined as any 
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organised educational activity outside the established formal education system 
which provides learning situations for various target groups comprising of 
children or adults or both. 
 
Strategies of Utilisation of Educational Radio programmes 
Radio concerns with one sense organ i.e. ear. It communicates message through 
sense of sound only. The educational broadcasts help the students in their 
imagination and formation of picture  mentally. The canvas of Imagination is so 
vast that the listener can paint on it pictures of rich variety with full of life and 
colour. Radio broadcast gives more content matter than the textbook. It 
supplements the classroom instruction to such an extent that a student does not get 
normally. Only to tune the radio at the time of school broadcast is not all on the 
part of a teacher. He has certain other responsibility too. It has been rightly 
observed by Whitehouse (1936), 
 

Let me anticipate one possible objection by stating that I am not so 
foolish as to think that a broadcast can replace a teacher. That would 
be fatal fallacy. The presence of the master or mistress would always 
be necessary. They would deal with points of difficulty. They would 
correct notes, lead a discussion, and could help in many other ways. 
Their influence would be increased " ( p.51). 

 
For its effective utilization certain points are to be taken into account. They are 
physical con' dition for listening, organization of the class, preparing students for 
broadcast,' listening activity, post-listening activity and follow-up activity. These 
have been discussed in detail below : 
 
Physical condition for broadcast 
Effective radio education begins with the physical condition of the classroom 
which includes advantages of ventilation, lighting, free from outside noise and 
good seating arrangement of students. Well ventilated rooms as well as the rooms 
which have got the facility for getting adequate light help the students to be 
mentally sound. If the students are allowed to see the outward scenery, their 
listening will be distracted and hence the very purpose of radio education will be 
lost. Hence the seating arrangements of the students will be such that their 
listening will be perfect without having any obstruction. 
 
Organization of the class 
Organization of the class is also an important factor for radio listening. The 
teacher is required to test the functioning of radio set before it is utilized in the 
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class. The set is to be kept in such a place from which it will be audible clearly to 
all the students. 
 
Preparing students for broadcast 
After organisation of the class, the duty of the teacher is to prepare the students to 
listen to the broadcast programmes, prior to broadcast, the teacher will initiate the 
topic by way of discussing with the students. This will help the students to be 
prepared mentally to listen to the broadcast topic. This has been corroborated by 
Mathur (1965), 
 

“A lesson on the radio, for example, is not an angel come to take over 
the teacher's task. On the contrary, it makes heavy demands on his 
time and energy. A teacher is expected to prepare himself well in the 
content of the lesson, to stimulate among his pupils a desire to listen to 
the particular programme, and to encourage them to cultivate the art of 
good listening which can be described as an amalgam of quiet 
behaviour sustained concentration and an open and receptive frame of 
mind " (p. 31). 

 
At this stage the teacher may take the help of map chart, model and picture. The 
support materials supplied earlier to the schools help the teacher in conducting 
school broadcasts smoothly. 
 
Listening activity 
During broadcast the teacher will present in the class and will share listening with 
the students. The teacher is to see that perfect silence is maintained in the class. 
He is required to do monitoring during broadcast. He will watch and record the 
portion of broadcast which the students appreciate. Similarly the portion which 
the students do not like will also be noted down by the teacher. The reactions of 
the students and the opinion of the teacher with regard to realisation of 
educational objectives, form of presentation, content covered will help the 
programme maker to make improvement in the programmes for adequate 
utilisation at the school level. 16 With a view to giving support to the broadcasts 
and for the easy understanding of the students, the slides and filmstrips are being 
used now-a-days in the name of radio vision* The teacher may bake the help of 
such materials for the better understanding of the topic by the students when there 
is school broadcast 
 
Post-listening activity 
This stage comes after the broadcast is over, since radio cannot talk back, the 
presence of teacher is essential to clarify the doubts of the students. Here the role 
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of the teacher is to extract answers from the students as to what extent they have 
understood the broadcast lesson. Here the teacher may ask a number of questions 
related to the topic. As has been rightly remarked by Mathur (1965, p. 31), "After 
the broadcast is over, the teacher should lead the pupils into an animated 
discussion on the subject matter so that they may question one another and the 
teacher, and in the process assimilate the lesson more thoroughly than mere 
listening would enable them to do." In case of deficiency in their understanding, 
the teacher may clarify the same with the help of audiovisual materials. 
 
Follow-up activity 
This is regarded as the last stage of school broadcast. At this stage the teacher 
may motivate 17 the students for reading further on the matter related to 
broadcast# locating geographical regions# collecting specimens# conducting 
scientific experiments and so on. The teacher also gets scope to pull out the 
creativity in the students. The students may like to write poem# dialogue or they 
may like to draw pictures depending on the area of interest and the talent they 
have in them. 
 
A log book is also required to be maintained by the teacher on everyday 
broadcasts which can help him giving feedback regularly. 
 
Radio is a scientific device that functions as an effective auditory instrument for 
communication. It also plays an important role in education. It is not only 
informs, but also inspires human being for learning more and more. It is not only 
includes values and virtues, but also creates attitudes, interests and appreciation of 
human life. It can cover a very wide area at the same time. 
 
The Educational Functions of Radio are discussed below: 
1.  Quantitative expansion and qualitative improvement of education: 

Radio has immense values, particularly in a developing country like India 
where constraints of finance, efficient teachers, suitable equipment and 
appliances adversely affect educational planning and administration. 
Radio is to play a significant part in expansion as well as qualitative 
improvement of education. There are some inaccessible areas in our country 
where expansion of education has faced difficulties. To a large number of 
socially disadvantaged children, education is neither meaningful nor 
interesting. 
There has been a growing awareness about the inadequacy of the traditional 
or formal system of education not only for expansion, but also for improving 
the standards of education. The need for alternative mass-media is gradually 
felt along- with non-formal system of education. 
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2.  Fostering the sense of National Integration and International 
Understanding: 
Radio is an important instrument to foster the sense of unity and integrity 
among the people. The cultural programmes, debates, talks, through 
broadcasts involve a strong desire among the people to know each and 
other’s culture and values. 
In order to promote a sense of understanding and unity among people it is an 
inexpensive, but potential communication medium reaching all levels of 
people. So its role for national/emotional integration and international 
understanding is praise-worthy. 

 
3.  Entertainment: 

Entertainment is an important aspect of human life. Radio is the most 
popular mass medium through which leisure is carefully utilized through 
song, drama and other cultural, programmes. It also provides information 
about various popular hobbies and leisure time activities. It gives happiness 
and joy through various programme. 

 
4. Vocational Education: 

Vocational information about production and consumption practices in 
industry and agriculture, use of manures and highbred seed, employment 
news are broadcast by Radio. Programmes regarding self-employment and 
talks by skilled people ensure better understanding among people for 
economic prosperity. 
Apart from the above matters radio also inculcates scientific temper among 
people, helps to enjoy the cultural activities and eradicates social 
superstitions and age-old dogmas. The role of radio in shaping the society 
and providing information and education is significant. Educational 
broadcasting is also useful for improving education and for enrichment 
purposes. 

 
TV  in Science Education 
 
Television Viewers: Who Are They? In a attempt to determine demographic 
characteristics of television nonviewers Jackson-Beeck (1977) found some 
significant differences between those who watch television and those who do not* 
(*nonviewer is described as one who watches less than 30 minutes per day). 
Nonviewers are statistically significantly different (p<= .10) than viewers on the 
following characteristics: they are female; married; childless; grew up in 
conventional families; identify less with religious doctrine; are gainfully 
employed; are professional, technical, clerical, or kindred employees; make less 
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than $10,000 per year; are better educated; found in urban areas, and increase 
westwardly across the United States. Concluding, the author states that the 3.9 
percent of the public who are nonviewers are "socially insignificant" in a "macro 
perspective." 
 
Over 96 percent of all Americans regularly watch television. American television 
viewers average 1.2 hours of primetime viewing daily. Adult males watch 1.8 
hours of primetime daily and adult women see two hours of primetime 
programming per day. Adult women watch television more hours per day in all 
time slots (weekday morning, weekday daytime, primetime, Saturday and Sunday 
less weekend primetime) except for three time periods. Children watch more 
morning and Saturday morning programming and adult males watch more Sunday 
daytime television. Cable television viewing accounts for 12.2 percent of all 
viewing in United States households (Nielsen Media Research, 1993). 
 
Studying visual attention to television Anderson and Levin (1976) found that 
children at age one watched Sesame Street at a rate of 12 percent of the time in 
front of the television; at age two visual attention to television more than doubled 
to 25 percent; attention increased to 45 % for three-year-olds; attention at age four 
levels off somewhat to 45 % of the time. Condry (1989, p. 49) reported an 
unpublished study by Singer and Singer in which children who had no television 
at home declared that they watched two hours of television per day. Television is 
clearly a strong component in American culture and we become acculturated to it 
at an early age. 
 
Virtually all citizens of the United States watch television. Americans spend more 
time watching television than they spend doing all other leisure time activities. In 
fact, the only activities we invest with more of our time are sleeping and working. 
People have particular preferences for television program content, as we shall see 
in the next section. 
 
Preferred Television Genres 
Americans have specific preferences in their television viewing. Over 29 percent 
of television usage is to view feature films and dramas. Newscasts and news 
magazines account for over 17 percent of television viewing (capitalizing on this 
fact, the National Science Foundation produced a How About series starring Mr. 
Wizard for insertion in daily newscasts- the broadcasts continued for ten years 
(Tressel, 1990)) Talk and variety shows are the third ranked preference with a 
total of 13.3 percent of viewers tuning in weekly. Other preferred genre include: 
sitcoms (9.3 percent); children's shows, including cartoons (6.1 percent); sports 
(5.4 percent); serials (4.5 percent), quiz and game programs (3.2 percent); 
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"reality" shows (Cops, Rescue 911, Unsolved Mysteries) (2.6 percent); and all 
other shows (9.2 percent) (Papazian, 1994). Science programming falls in two 
categories: other (NOVA, National Geographic, and other science documentaries) 
and children's programming (3-2-1 Contact, Bill Nye, The Science Guy, etc.). In 
1992-1993 the Star Treks: Next Generation and Deep Space Nine (23.1 percent of 
viewers combined) were outranked only by Wheel of Fortune and Jeopardy (26.4 
percent combined) in Nielsen Media Research (1993) ratings but amongst men 
they were the top rated shows. (Ormerod et al. (1989) feel that space and fantasy 
programs may be the best way to interest youth in science.) Adult males also 
included National Geographic on Assignment (4.6 percent) in there top 10. 
 
Lyle (1972) found developmental patterns of television program content in 
children and adolescents. Lyle reported that from grades one to six cartoons are 
the preferred television genre. Sixth graders tastes are oriented to adventures and 
sitcoms. Tenth graders lose interest in sitcoms while retaining the interest in 
adventure dramas. Previous work by Schramm, Lyle, and Parker (1961, p. 49) 
indicated that late adolescence is when we become interested in "public affairs" 
television. Suprisingly, Lyle (1972, p.17) discovered that educational programs 
are watched by fewer children than those who watch news programming. 
Papazian's (1994, p.173) summary of the appeal of primetime programs 
confirmed the work above; children prefer slapstick comedy, "young adults" 
prefer spy stones and science fiction, and added that "older viewers" enjoy "easily 
digested" variety formats. According to Papazian's data (p.202- 204) interest in 
sitcoms decreases with age; preferences for news magazines is high in young 
adults, dips during ages 35-49, and then increases to young adult interest levels or 
greater; the situation for so-called "reality" shows is similar to that for news 
magazines, and the audience for police dramas increases with age. Interest in 
drama serials (Beverly Hills 90210, LA Law) and movies varies with the specific 
program plot and target audience. Children were found to have age related 
preferences in a 1977 study by Rubin. Third grade children preferred adventure 
dramas, comedy and "children's entertainment programs, in that order. Seventh 
graders enjoy comedy, adventure dramas with sports and music/varieties tying for 
third. High school juniors first enjoy comedies followed by adventure dramas, and 
finally music/variety shows. Children's educational programming rated last as a 
preferred usage in all age categories in this study. We will next look at why 
people watch television to determine if an educational component for popular 
programming would conflict with people's uses of television. 
 
Learning From Television 
An abundance of research is available about how viewers can develop violent 
tendencies and learn patterns of violence from television (See references in 
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Condry, 1989, pp. 61-68, 88-119). This section will explore the potential for 
teaching academic content by television. Initial research on learning from film 
was conducted during the Second World War on the "persuasive" effects of film-
based messages. In the last two decades research has focused specifically on the 
differences of learning from different mass media and what particular effects 
television has on the learning process. 
 
In comparing cognitive processing of text (with pictures), radio, and television 
messages Pezdek, Lehrer, and Simon (1984) tested third and sixth graders 
comprehension and memory. The authors found television to be a more effective 
teacher than radio but no difference in learning by reading and learning by 
television. One important note to this finding is that while reading requires 100 
percent of the learner's attention the authors agreed that television viewers "can 
and do attend to television far less." This means that in spite of equal story 
treatment in books and on television one can learn 10 more with less effort from 
the television! Meringoff (1980) presented two groups of children (M age=7.6 and 
M age=9.6) a story either from an illustrated book or via television. The television 
group recalled more story actions and drew inferences based on visual content. 
Children who were read the story remembered more vocabulary and based their 
inferences on general knowledge and past experiences. Additionally, the children 
who had the story read to them asked more questions and made more comments 
about he story. One can interpret this research to show the television story 
contained more information resulting in fewer questions about the story. But the 
differences in vocabulary and less elapsed time and shorter distance traveled 
estimates in the television group indicates that there are major differences in how 
children process text and television presentations. A balance of media treatment is 
indicated in order the comprehensively develop children's perceptual skills. 
 
Is it easier to learn by audio messages, or video messages, or combined 
audiovisual messages? Perlmutter and Myers (1975) explored this question using 
a group of preschool children. Children were either presented with a verbal list of 
objects, shown the object, or the object was verbally labeled and simultaneously 
displayed. There were significant differences found between recall of verbally 
presented material (71 percent correct recall) and visually presented material (93 
percent correct recall). No significant differences were found between visual 
presentation and combined verbal and visual presentation. The recall tests were 
performed verbally, visually, and both combined. The authors concluded that 
preschool children have a combined verbal and visual storage and retrieval system 
of memory. 
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Gibbons et al. (1986) also found that audiovisual presentation was more effective 
in promoting recall and reconstruction of stories in a study utilizing 4 and 7 year 
olds. A third study reinforced the findings of the first two (Greenfield and Beagle-
Roos, 1988) but the authors also cautioned that audiovisual presentations may 
create a generation of children that are "less imaginative, less verbally precise, 
and less mentally active." 
 
Historical and Current Images of Science and Scientists on Television  
 
Science on television can be found in newscasts, educational documentaries, 
children's educational programming, and entertainment fare. When Apollo 11 
landed on the moon all the major networks were saturated with the news and 
related stories for almost two weeks (Perlman, 1976). Since the lunar landing no 
scientific endeavor has received such comprehensive coverage. The 1997 landing 
of the Martian Pathfinder Lander and Sojourner Rover was a media sensation for 
only two to three days. 
 
The way scientists are portrayed on television and what the public's perception of 
who scientists are and what they do is an important topic. Since so few people 
have direct experience with formal scientific pursuits it is "...the creators of 
popular culturefrom whom the wide American public receives its portrayals of 
science and scientists 17 (Basal la, 1976). Historically, (in the 1930s and 1940s) 
scientists on popular television were "elderly white males who were insane or 
evil" and over the last couple of decades that image has been transformed into a 
scientist who is white, "well-meaning but obsessed" who will let nothing stand in 
his way (Garfield, 1978). Reviews of research on the public's perception of 
scientists show that the masses idea of a scientist closely resembles the stereotype 
presented on the television and in films (Schibeci, 1986). 
 
Gerbner et al. (1981) compiled some interesting statistics about science on 
television. The themes of science and technology dominant roughly half of all 
dramatic network programming (Although La Follette (1982) pointed out that 
much of popular science is pseudoscience like time travel and space travel). Sixty 
percent of prime-time programming and 70 percent daytime programming on 
weekends concerns science and technology themes, topics, or concepts. Even 
though science is a common theme scientists per se, are seen only once a week, 
and are the protagonists every other week. Scientists are seen in their occupational 
role on television at a frequency less than half of their frequency in the labor force 
(female scientists are overrepresented on television compared to their proportion 
in reality- except in children's programming where females are usually in 
secondary roles (Steinke and Long, 1995)). Scientists are portrayed as older, 
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without family or significant other, dangerous, and usually headed for failure. 
Five percent of television scientists kill another person and 10 percent of 
television's scientists get killed (Gerbner, 1987). Would you aspire to be a lonely 
old crackpot who is likely to die soon or kill someone? 
 
Reviewing the images of scientists on children's television Long and Steinke 
(1994) found images that supported and conflicted with previous research. 
Science is presented as truth and sometimes dangerous, the authors report. 
Television presents science as fun and as important to everyone in their everyday 
lives. Scientists appear elite and omniscient but they are not evil; they are 
typically benign. Greenberg's (1984) content analysis of children's television 
pointed out that technology (the results of science) are imbued with the power to 
make everything better and is frequently used for destruction of evil. Scientists in 
cartoons are hapless buffoons or evil men bent on world domination. Greenberg 
finds science on Saturday morning television ambiguous and threatening. 
Physicist Phillip Morrison and Phylis Morrison (1984) note, as the authors above, 
that television programming (they use the example of the white-coated Doctor 
Bunsen Honeydew on the Muppets) represents science as something beyond the 
average American conducted by specialists who are almost superhuman. The 
Morrisons close with the comment that science needs to be connected with 
everyday life and the viewers personal experience which will result in a 
demystification of science and the realization that science is for everyone Gerbner 
et al.(1981) and La Follette (1982) note that science is presented on television as 
fact, without context, years of efforts and failures compressed into minutes, and 
presented by all-knowing experts. In Gerbner's (1987) analysis of the publics' 
attitude toward science he found that in spite of the typically positive images of 
scientists and science on television, viewing television dramas "exacerbate[s] 
public ambivalence and anxiety about science." While I agree that experiencing 
science from television as a primary source of information can cause ambivalence 
(because of conflicting medical reports, use of science and technology to create 
weapons, etc.) but dramas are not solely at fault. Hornig (1990) blames NOVA for 
perpetuating the tension between science and the general public as well as 
maintaining the dichotomy between "privileged" scientists and everyone else. 
Hornig believes that television should be an equalizer; it should make people feel 
comfortable with science instead of putting science on a pedestal to be 
worshipped by a minority elite as Hornig believes NOVA does. 
 
The Star Treks portray science as benevolent. In these shows little has changed in 
four millennia. The social order is relatively unchanged with technology being 
portrayed as only good, providing leisure and health to all or it is used to combat 
evil. Banks and Tankel (1990) use the Star Treks as examples of television 
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promoting the status quo; promising the future will be good for all. The authors 
note that science fiction that shows society in decline, e.g. Max Headroom and V, 
failed because they are depressing and because commercial television is driven by 
advertising, advertisers do not want to portray the future as hopeless. Shows like 
Star Trek are targeted to the young. The dramatic shows, documentaries, and 
news reports are watched by older viewers. If the work discussed above is 
accurate, television seems to be pitching the benefits of science to the young 
while frightening or disillusioning older viewers. 
 
Dornan (1990) believes that coverage of science in the media is dominated by a 
small group of scientists and science journalists who prefer to illuminate science 
in the "traditional, heroic, positivist" light showing science as an "assured avenue 
of access to the real." Dornan believes that preventing critical discussion of 
science benefits and pitfalls allows science to continue as it always has, elite, 
powerful, and omniscient. Preventing the public from entering the discourse about 
the future direction of scientific endeavor perpetuates the public's distrust of 
science and scientists. 
 
Efforts have been made to make science educational and entertaining (e.g. 3-2-1 
Contact, Bill Nye The Science Guy) but the audience for these shows is small. 
There is a schism on popular television as to what science is and who scientists 
are. Science either makes ours lives better or threatens us with technology and 
conflicting studies about what works or what does not. The process of science is 
not infallible and it is time consuming. The public must be informed that scientists 
fail and misstep, frequently. The public must also be invited to join in the 
discussions about the directions of science and shown how they, themselves are 
competent scientists, in their own right. 
 
How can we use Television to Teach Science 
Science and educational programming are not reaching vast numbers of our 
population. In fact, many viewers have negative attitudes about overtly 
educational programs. The vast majority of Americans spend significant amounts 
of time watching 2 television to pass time. The public prefer feature films, news 
and science fiction programs in their quest for relaxation, entertainment, and 
arousal. Children know what they want in science programs (cartoons, celebrity 
protagonists and guests, kids as primary performers, provide opportunities for the 
audience to participate, debate both sides of an issue, and a healthy dose of 
mystery (Jerome, 1984)) and through formative research television producers 
should find out what the public knows and wants. 
Research shows that people can and do learn from television in spite of the fact 
that learning is not their primary motivation. Little research has been conducted 
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on how much we learn from non-educational, commercial television. Learning 
from television can be enhanced through narration, parental involvement, 
judicious application of formal features, and by carefully selecting what is to be 
taught. Learning is facilitated by tying programming to the viewers frame of 
reference, airing salient programs, including humor tied to the educational 
purpose, and providing characters that viewers can relate to. "...[I] instructional 
television is often at its best when it does not instruct" (Lundgren, 1972). 
 
Viewers do not relate well to scientists as they are currently portrayed in the 
media. The white coats and racks of test tubes have to go. When visiting scientific 
laboratories on any university campus typically only the chemists are clad in 
white and surrounded by glassware. The public should see scientists as they are 
not as some scientists and journalists feel they should be seen. 
 
The sometimes long, tedious process of science should be presented to the public 
and people should have opportunities to appreciate that they do science everyday 
when they test hypotheses about things as simple as selecting a food for their cat 
or finding the best tomato for their gardens. The public must be included in 
discussions about what science is important as they ultimately fund most science 
and stand to benefit from the results of science. The best way to educate the 
public is by including realistic science content in popular television programming 
and showing scientists as "regular" people 21 who are not infallible and do not 
know everything. Dramatic presentations on television should elucidate the 
scientific method, show the public how they use science daily, and present critical 
arguments about the pros and cons of particular scientific undertakings. News 
telecasts have a responsibility to demystify science by doing away with the 
demagoguery and pedantry by giving a balanced treatment of scientific issues. 
Popularization of science must "become attuned to the daily preoccupations of the 
layperson with a view to injecting them with a homeopathic dose of scientific 
literacy" (Fayard, 1991). Television cannot simply tell people that science is fun 
and important it has to show them how science can be fun and include the public 
in he discussion as to what science should be important. 
 
Educational Television in the world today has made great advances worldwide 
in forging inventive applications. There have been many success stories of using 
television for education in many countries which has outlined the concept that 
television is basically not just an entertainment oriented medium and it is hostile 
to thoughts. 
According to the researcher at the University of Texas, Studies on preschool children 
have shown immense results. Performance on achievement tests over time has been 
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better in preschool children who spent much less time on educational programming 
than their peers who watch more general entertainment shows. 
 
Generally Television Can Help To Achieve The Following Objectives: 
1. Provide mass education opportunities. 
2. Stimulates learning 
3. Social quality in education 
4. Provide flexibility of time and space in learning. 
5. Reduce dependency on verbal teaching and teachers 
6. Enhance quality in education 
 
Young students are being conditioned, just like Pavlov’s dogs, to be passive 
learners. Learning requires active engagement and to generate and sustain interest 
and pay attention and generate ideas and integrate knowledge into evolving 
learning styles.And that is where  educational television comes in providing 
interest and attention. 
 
Apart from all these beneficial objectives educational television is providing. It is 
also fairly attractive to students because of the audio-visual elements in it. Almost 
Every home in the country has a television nowadays and not just the young but 
even older audience are quite addicted to soap operas and reality shows. All this is 
because of the engaging content that network provide. Just like this educational 
television can channel interesting elements that can help students engage better in 
academics 
 
8.3  COMPUTERS IN SCIENCE EDUCATION 
 
Just as computers play a central role in developing and applying scientific 
knowledge, they can also facilitate learning of science. It is therefore the position 
of the National Science Teachers Association that computers should have a major 
role in the teaching and learning of science. Computers have become an essential 
classroom tool for the acquisition, analysis, presentation, and communication of 
data in ways which allow students to become more active participants in research 
and learning. In the classroom, the computer offers the teacher more flexibility in 
presentation, better management of instructional techniques, and easier record 
keeping. It offers students a very important resource for learning the concepts and 
processes of science through simulations, graphics, sound, data manipulation, and 
model building. In the field, the portability of the laptop computer allows students 
to actively gather and analyze data and take it back to the classroom for in-depth 
study and the sharing of information. These capabilities can improve scientific 
learning and facilitate communication of ideas and concepts. Lest the following 
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emphasis on computers be misunderstood, we assert at the outset that computers 
should enhance, but not replace essential "hands on" laboratory activities. NSTA 
proposes the following guidelines for the implementation of computers in the 
teaching and learning of science: 
 
Declarations 
• Tutorial and multimedia software should engage students in meaningful 

interactive dialogue and creatively employ graphics, sound, and simulations 
to promote acquisition of facts and skills, promote concept learning, and 
enhance understanding. 

• Simulation software should provide opportunities to explore concepts and 
models which are not readily accessible in the laboratory, e.g., those that 
require: 
a. expensive or unavailable materials or equipment 
b. hazardous materials or procedures 
c. levels of skills not yet achieved by the students 
d. more time than is possible or appropriate in a realtime classroom, e.g., 

population growth simulations. 
• Microcomputer Based Laboratory Devices (MBL's) should be used to 

permit students to collect and analyze data as scientists do, and perform 
observations over long periods of time enabling experiments that otherwise 
would be impractical. 

• Databases and spreadsheets should be used to facilitate the analysis of data 
via their organizational and visual representation capabilities. 

• Networking among students and teachers should be encouraged to permit 
students to emulate the way scientists work and, for teachers, reduce teacher 
isolation. 

• Use of the Internet should be encouraged as a means of networking with 
scientists, teachers, and students in other areas, gathering information and 
data, posting data and findings, and providing students with the most up-to-
date information. 

 
In order to effectively implement computers in science education, teachers 
should: 
• Know how to use effectively and efficiently the software and techniques 

described above. 
• Know how to incorporate microcomputers into instructional strategies. 
• Become familiar with the use of computer applications as management tools 

for grading, reports, inventories, budgets, etc. 
• Exemplify the ethical use of computers and software. 
• Seek to provide equitable computer access for all students. 
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Recommendations for Hardware and Software 
Every science classroom must have a minimum of one dedicated microcomputer 
or laptop computer, modem and dedicated phone line, one large screen display (or 
LCD for overhead projector), and one printer. In addition, each classroom must 
have appropriate computer based laboratory sensing devices and a science 
software library. In addition, a well equipped science classroom should have 
sufficient computers available for simultaneous use by groups of three or four 
students and the school should have a facility where students can individually use 
computers for producing reports, analyzing data, practicing skills, etc. 
—Adopted by the Board of Directors, January 1999 
 
8.4  IMPACT OF COMPUTERS IN SCIENCE EDUCATION 
 
Researchers have started studying the impact of students’ use of computers in 
class on the quality of student learning. This article summarizes the existing 
research. Overall, research tends to suggest that the ubiquitous use of computers 
in class by students generates a drop in student attention (both the students using 
the devices and their neighbors) and reduces the quality of note-taking. In a 
following article, I’ll discuss the results of this research, asking whether the use of 
computers should be banned altogether? 
 
Slowly but surely, computers have been replacing pens and paper as students’ 
preferred tool to take notes in class. Professors are now sometimes facing walls of 
computer screens, with students watching these screens (not the professor), their 
eyes showing emotions that can be quite remote from what the topic being 
discussed in class should make them feel. 
 
What is the actual impact of students’ use of computers in class on the quality of 
their learning ? Researchers have tried to answer three questions in particular : 
1. Are computers and access to the Internet creating too many distractions for 

students using computers ? 
2. Are computers creating too many distractions for the neighbors of students 

using computers ? 
3. Does using computers reduce the quality of note-taking compared to the 

traditional pen and paper ? 
This article summarizes the results of research conducted to answer these three 
questions. In a following article, practical solutions will be given to professors to 
help them with this issue. 
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The Impact of Computers on Students’ Attention 
 
Students who take notes on computers are often distracted by other activities they 
can easily engage in through their computers, such as surfing on the internet or 
using social media (e.g. Maxwell, 2007). The use of computers can reduce 
students’ attention in class because of two cognitive biases: a present bias and an 
optimism bias. David Laibson, an economics professor at Harvard University who 
specializes in behavioral economics, explains how the present bias works: 
students often come to class with the best intentions regarding their concentration 
during class. But once they are sitting in their seats in front of their computers, 
they can prefer the immediate satisfaction of an easy distraction offered on their 
computer screens thanks to their internet connections. Time goes by, and students 
end-up having missed a significant part of the lecture. Students, however, may 
think that this is not much of a problem, because they believe that they will be 
able to catch-up the parts they missed later on (optimism bias). The use of 
computers in class can therefore encourage students to procrastinate, and reduces 
the efficiency of the time they spend in class. 
 
This effect is generally reinforced by another manifestation of the optimism bias, 
regarding students’ belief in their aptitude to multitask. For instance, many 
students believe that they can listen attentively in class, while using social 
networks. However, students tend to overestimate their ability to multitask. 
Research in psychology shows in a very convincing manner that students are less 
attentive when they multitask on their computers during class (e.g. Hembrooke & 
Gay, 2003). As a result, students understand and learn on average less in class. 
They also tend to participate less in class discussions. Students themselves tend to 
declare that using computers (and cell phones) creates incentives to reduce their 
attention in class (e.g. McCoy, 2013) 
 
The Impact of Computers on Neighboring Students’ Attention 
Computers can produce a negative externality on neighboring students’ 
concentration. While daydreaming students do not bother other students, students 
who have their screens up and are visibly active on social networks generate 
temptations for neighboring students, thus decreasing their level of attention in 
class. Research has shown that students who are distracted on their own 
computers tend to also reduce the attention in class of their neighbors (e.g. Sana, 
Weston & Cepeda, 2013). Students complain that the distractions caused by their 
neighbors’ screens (and the noise of their typing) are a major obstacle to their 
ability to concentrate in class (Fried, 2008). 
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8.5  MULTIMEDIA IN SCIENCE EDUCATION 
 
Multimedia is simply multiple forms of media integrated together. Media can be 
text, graphics, audio, animation, video, data, etc. Besides multiple types of media 
being integrated with one another, multimedia can also stand for interactive types 
of media such as video games CD ROMs that teach a foreign language, or an 
information Kiosk at a subway terminal.  
 
Multimedia is more than one concurrent presentation medium (for example, on 
CD-ROM or a Web site). Although still images are a different medium than text, 
multimedia is typically used to mean the combination of text, sound, and/or 
motion video. Some people might say that the addition of animated images (for 
example, animated GIF produces multimedia, but it has typically meant one of the 
following: 
 
Text and sound  
 
Text, sound, and still or animated graphic images 
 
Text, sound, and video images 
 
Video and sound 
 
Multiple display areas, images, or presentations presented concurrently 
 
In live situations, the use of a speaker or actors and "props" together with sound, 
images, and  motion video. 
 
Multimedia in Education has been extremely effective in teaching individuals a 
wide range of subjects. The human brain learns using many senses such as sight 
and hearing. While a lecture can be extremely informative, a lecture that 
integrates pictures or video images can help an individual learn and retain 
information much more effectively. Using interactive CD ROM's can be 
extremely effective in teaching students a wide variety of disciplines, such as 
science, mathematics, music, art and other subjects 
 
Multimedia 
 Multimedia is nothing but the processing and presentation of information in a 
more structured and understandable manner using more than one media such as 
text, graphics, animation, audio and video. Thus multimedia products can be an 
academic presentation, game or corporate presentation, information kiosk, 
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fashion-designing etc. Multimedia systems are those computer platforms and 
software tools that support the interactive uses of text, graphics, animation, audio, 
or motion video. In other words, a computer capable of handling text, graphics, 
audio, animation and video is called multimedia computer. Technological 
innovation has accelerated in the first decade of the new century, with digital 
projectors as CD-ROMs or DVDs accompanying many textbooks. Today, in good 
schools there are high-speed internet connections in most classrooms that allow 
reasonable-quality video streaming, and many students now bring wireless 
laptops, computers, or hand-held devices into the classroom setting. 
 
The use of multimedia materials has substantial grounding in cognitive theory and 
research. Several studies indicate that computer-based multimedia can improve 
learning and retention of material presented during teaching and learning as 
compared to conventional teaching where study materials do not use multimedia. 
Multimedia presentations are most effective when the different types of media 
support one another as teaching strategies which enhance students‟ learning. 
A well -developed multimedia can do more than good. The potential pedagogical 
value and rationale for using multimedia in classroom is given below:  
 
•  To raise interest level: Multimedia raises the interest of the student in 

learning and they appreciate a variety of media.  
•  To enhance understanding: Multimedia materials boost students‟ 

comprehension of complex topics of science.  
•  To increase memorability: multimedia leads to better encoding and easier 

retrieval which confirms for long-term memory. 
 
Multimedia is an effective way for sending and receiving messages which can be 
comprehended easily and smoothly. The inclusion of media elements reinforces 
the message and the delivery, which leads to a better learning rate. The power of 
multimedia lies in the fact that it is multi-sensory, stimulating the many senses of 
the audience. It is also interactive, enabling the end-users of the application to 
control the content and flow of information (Vaughan, 1998). This has introduced 
important changes in our educational system and impact the way we communicate 
information to the learners (Neo & Neo, 2000). Multimedia in Education has been 
extremely effective in teaching and learning of a wide range of subjects. 
 
A lecture can be extremely informative if it integrates pictures or video images 
which can help a learner to retain information much more effectively. Using 
interactive CDROMs can be extremely effective in teaching students a wide 
variety of disciplines, most notably science. Multimedia programs provide 
different stimuli in their presentations which include a number of elements as 
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Texts, spoken words, sound & music, graphics, animations and still pictures. 
Inclusion of these elements in teaching in a comprehensive presentation provides 
effective education, which in turn will support the participation of the different 
senses of the learners in diverse syllabi. Media in teaching are classified with 
regard to the senses they stimulate. The most common classification of media: 
audio, visual and audio-visual. With the arrival of the multimedia computer, the 
term multimedia is more frequently referred to computer multimedia. The 
necessities of using multimedia computers are appropriate computer equipment 
that works and computer literacy of the learner and the teacher. Multimedia in 
teaching shows the numerous possibilities of combining different media in class 
work, successively and simultaneously, based on the existing needs for 
developmental achievements of students. The Classic teaching resources include 
verbal, textual, visual, auditory, audio-visual, manual, experimental and auxiliary 
technical educational resources, while modern teaching resources includes 
educational program back-ups, multimedia electronic communication, expert 
systems, teaching bases of knowledge, intelligent tutorial systems etc.  
Therefore, with regard to the type of sense, the information can be obtained as 
given below:  
1.  Auditory – sources of knowledge which provides information by listening.  
2.  Visual – sources of knowledge which provides information by watching.  
3.  Kinaesthetic – sources of knowledge which provides information by 

movement.  
4.  Olfactory – sources of knowledge which provides information by smelling.  
5.  Taste – sources of knowledge which provides information by tasting. 
 
As science educators, we know how important critical thinking and new 
technology skills are in the scientific community. The ability to question and 
make sense of the world around us is a skill we value highly in the scientific 
world. We recognize that if our students are going to become the next scientific 
innovators and responsible citizens, they need, more than ever, skills to gather and 
evaluate data, make informed decisions, and communicate their ideas to others. 
As with scientific literacy, media literacy and other 21st century skills are 
grounded in inquiry, critical thinking, evaluation and communication. We also 
understand that our students are growing up in a world increasingly saturated with 
information and media messages. Our students will need to become media literate 
and well versed in the many modes of communication that surround them if they 
are to sort through this information. There is no better place to learn these skills 
than in the science classroom. 
 
Although multimedia as a tool cannot replace hands-on learning, it can enhance 
and strengthen the impact of activities in the field and in the science classroom. 
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We can use new information tools, such as podcasts, blogs, and streaming video 
and audio, to engage our students and effectively demonstrate science concepts as 
well as to reinforce media literacy technologies. We can also engage students with 
digital media tools, such as photo-sharing, video-publishing and map-making 
programs, to give them opportunities to demonstrate their mastery of a concept 
and simultaneously reinforce their literacy skills by having them creating their 
own content. 
 
The use of multimedia resources as part of a core science curriculum can: 
•  Visually demonstrate scientific ideas and concepts 
•  Instill a sense of wonder and excitement in students about the world around 

them 
•  Present local, relevant case studies  
•  Provide examples of real people practicing science 
•  Generate student interest in science careers 
•  Offer current research, theories and perspectives on a topic  
•  Connect students with faraway or inaccessible places 
•  Promote 21st century skills, including critical thinking, problem solving and 

communication skills 
•  Provide a common experience shared by all students 
 
8.6  COMPUTER SIMULATIONS AND GAMES   
 
When designed well both simulations and games can facilitate students learning 
of both specific domain knowledge and concepts, and several cognitive skills like 
pattern recognition , decision making and problem solving. Randel etal(1992) 
concluded that games could be used effectively to provoke interest , teach domain 
knowledge ,and retention in science when specified instructional objectives were 
targeted. Funk (2002) cites studies which found that games strengthens students 
engagements, information processing, problem solving, social development , and 
academic abilities. Other educational strength of using games and simulations 
include developing a variety of cognitive objectives, transferable process skills, 
students-centered learning, initiative, creative thinking, affective objectives, sense 
f completion  and knowledge integration (Ellington,Gordon & Fowlie, 1998) 
 
Simulations introduced before the bulk of the formal teaching takes place give 
students a chance to think about their current understanding of the scientific topic 
being introduced. "Simulations based on scientific theory help to provide a set of 
interrelated experiences that challenge students' informal understanding of the 
science" (Richards et al., 1992). This can encourage genuine thought about a 
problem as students consider multiple potential solutions. 
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The use of simulation prior to any formal teaching can provide instructors with 
timely information about students' prior knowledge which can in turn help them 
to guide their formal instructional practices. According to Hargrave and Kenton, 
"Pre-instructional simulations can serve as a foundation for further learning, assist 
in the development of students' conceptions, reveal alternative conceptions in 
students' thinking processes, and encourage the development of questions related 
to content"(2000). These pre-instructional computer simulations afford students 
the chance to actively create their own knowledge structures, congruent with a 
constructivist model of learning (Papert, 2003) or a scientific discovery model of 
learning (de Jong & van Joolingen, 1998). 
 
According to Hargrave and Kenton there are 4 characteristics of pre-instructional 
simulations that are important in science education they are exploratory 
environments they contain variables that can be manipulated by the student 
they allow the student numerous attempts to complete the task they provide 
feedback that is consistent with the phenomenon it models creating games using 
computer simulations can be an effective way to get students interested in 
learning more about a topic. For example, if the goal is for students to learn about 
the effects of an electric field on a charged particle, students can be given the task 
of creating an electric field that will put a charged particle in a net. This 
challenges the students to understand the concept of electric fields, but also gives 
them the chance to be competitive with themselves or with other students. 
Alternatively teachers could give the student a score based on their manipulation 
of variables during the simulation. Students would then have to adjust their 
variables to achieve a higher score and therby gain a deeper understanding of the 
concept and associated variables. 
 
It should be clearly stated that students are not to be assigned simulations with no 
support. Podolefsky et al. (2010) concluded that scaffolding with appropriate 
affordances is essential to support student engagement in science simulations. 
This requires the teacher ensure the students are prepared with some level of 
understanding of the topic or basic vocabulary before embarking on the 
simulation exercise. 
 
Post-instructional 
Teachers can use simulations after formal instruction has been given in an attempt 
to keep the students from coming to incorrect conclusions or in order to use it to 
test the knowledge learned. Binns et al (2010) found that they could use Starry 
Night simulations to uncover misconceptions in understanding about moon phases 
and correct these with further discussion around and sing the simulation. There 
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was a significant improvement in concept understanding by using the simulation 
after instruction in this manner. 
 
Some feel that using simulations after instruction this may inhibit true scientific 
method as it causes students to enter the simulation activity with a narrower field 
of view with preconceived notions of what they are about to discover. Students 
need to use simulations in such a way that they can make their own discoveries 
and share them with their peers. "Post-instructional simulations often are used to 
test students' knowledge of content…" "...many post-instructional simulations do 
not require or encourage students to operate at advanced cognitive levels" 
(Hargrave and Kenton, 2000) Studies have also shown that students receiving 
domain information before the simulation do not profit from it (de Jong & van 
Joolingeng, 1998). 
 
Post-instructional simulations can be useful for review or as a means to refer back 
to prior concepts needed to complete a larger picture of understanding. Teachers 
are encouraged to think about the learning outcomes, the prior knowledge their 
students have, potential mis-conceptions involved with the subject matter and the 
simulation they are using as factors in deciding the chronology of learning 
opportunities. 
 
Supplemental Instruction 
Computer simulations are a useful supplemental tool for student learning and 
understanding. Individuals who require more information on a topic or concept 
can be directed to a simulation to help further complete their knowledge building. 
Additionally, students with holes or gaps in their learning may find computer 
simulations a good way to incorporate foundational information into their 
understanding. Ng et al. (2009) found a significant correlation between online 
supplemental instruction and math final exam scores. In subject like math where 
foundational work is so important, gaps can be filled without the instructor 
needed to teach material which is pre-requisite for the course. Due to the 
individualized nature of the learning opportunity provided by computer 
simulations they are a very effective supplemental toolkit on a one to one basis 
 
8.7  ANIMATIONS 
 
Animation is the process of designing, drawing, making layouts and preparation 
of photographic sequences which are integrated in the multimedia and gaming 
products. Animation involves the exploitation and management of still images to 
generate the illusion of movement. A person who creates animations is called 
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animator. He / she use various computer technologies to capture the still images 
and then to animate these in desired sequence. 
 
Types of Animation 
• Traditional animation (cel animation or hand-drawn animation) 
• Stop motion animation (Claymation, Cut-outs) 
• Motion Graphics (Typography, Animated logo) 
• Computer animation 
 
8.8  TELECONFERENCING 
 
Teleconferencing means meeting through a telecommunications medium. It is a 
generic term for linking people between two or more locations by electronics. There 
are at least six types of teleconferencing: audio, audio graphic, computer, video, 
business television (BTV), and distance education. The methods used differ in the 
technology, but common factors contribute to the shared definition of 
teleconferencing. 
• Use a telecommunications channel 
• Link people at multiple locations 
• Interactive to provide two-way communications 
• Dynamic to require users' active participation 
 
Interactive Technologies 
The new systems have varying degrees of interactivity - the capability to talk back 
to the user. They are enabling and satellites, computers, teletext, view data, 
cassettes, cable, and videodiscs all fit the same emerging pattern. They provide 
ways for individuals to step out of the mass audiences and take an active role in 
the process by which information is transmitted. The new technologies are de-
massified so that a special message can be exchanged with each individual in a 
large audience. They are the opposite o mass media and shift control to the user. 
Many are asynchronous and can send or receive a message at a time convenient 
for individuals without being in communication at the same time. This overcomes 
time as a variable affecting communication. A video, data and voice delivery 
system reduces travel costs. When the material is retrieved and saved to a video 
tape or disc, the material can be used at anytime or anyplace. 
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As more interactive technologies emerge, the value of being an independent 
learner will increase. Research shows that learning from new technologies is as 
effective as traditional methods. Large groups are cost-effective and everyone 
gets the same information. 
 
Types of Teleconferences 
Audio Teleconference: Voice-only; sometimes called conference calling. 
Interactively links people in remote locations via telephone lines. Audio bridges 
tie all lines together. Meetings can be conducted via audio conference. 
Preplanning is necessary which includes naming a chair, setting an agenda, and 
providing printed materials to participants ahead of time so that they can be 
reviewed. 
 
Distance learning can be conducted by audio conference. In fact, it is one of the 
most underutilized, yet cost effective methods available to education. Instructors 
should receive training on how to best utilize audio conferences to augment other 
forms of distance learning. 
 
Audiographics Teleconference: Uses narrowband telecommunications channels 
to transmit visual information such as graphics, alpha-numeric’s, documents, and 
video pictures as an adjunct to voice communication. Other terms are desk-top 
computer conferencing and enhanced audio. Devices include electronic 
tablets/boards, freeze-frame video terminals, integrated graphics systems (as part 
of personal computers), Fax, remote-access microfiche and slide projectors, 
optical graphic scanners, and voice/data terminals. 
 
Audiographics can be used for meetings and distance learning. 
Computer Teleconference: Uses telephone lines to connect two or more 
computers and modems. Anything that can be done on a computer can be sent 
over the lines. It can be synchronous or asynchronous. An example of an 
asychronous mode is electronic mail. Using electronic mail (E-Mail), memos, 
reports, updates, newsletters can be sent to anyone on the local area network 
(LAN) or wide area network (WAN). Items generated on computer which are 
normally printed and then sent by facsimile can be sent by E-Mail. 
 
Computer conferencing is an emerging area for distance education. Some 
institutions offer credit programs completely by computer. Students receive texts 
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and workbooks via mail. Through common files assigned to a class which each 
student can assess, teachers upload syllabi, lectures, grades and remarks. Students 
download these files, compose their assignment and remarks off-line, then upload 
them to the common files. 
 
Students and instructors are usually required to log on for a prescribed number of 
days during the week. Interaction is a large component of the students' grades. 
Through computers, faculty, students and administrators have easy access to one 
another as well as access to database resources provided through libraries. The 
academic resources of libraries and special resources can be accessed such as 
OCLC, ERIC, and Internet. 
 
Administrators can access student files, retrieve institutional information from 
central repositories such as district or system offices, government agencies, or 
communicate with one another. Other resources can be created such as updates on 
state or federal legislation. 
 
Video Teleconference: Combines audio and video to provide voice 
communications and video images. Can be one-way video/two-way audio, or two-
way video/two-way audio. It can display anything that can be captured by a TV 
camera. The advantage is the capability to display moving images. In two-way 
audio/video systems, a common application is to show people which creates a 
social presence that resembles face-to-face meetings and classes and enables 
participants to see the facial expressions and physical demeanor of participants at 
remote sites. Graphics are used to enhance understanding. There are three basic 
systems: freeze frame, compressed, and full-motion video. 
 
Video conferencing is an effective way to use one teacher who teaches to a 
number of sites. It is very cost effective for classes which may have a small 
number of students enrolled at each site. In many cases, video conferencing 
enables the institution or a group of institutions to provide courses which would 
be canceled due to low enrollment or which could not be supported otherwise 
because of the cost of providing an instructor in an unusual subject area. Rural 
areas benefit particularly from classes provided through video conferencing when 
they work with a larger metropolitan institution that has full-time faculty. 
 
Through teleconferencing, institutions are able to serve all students equitably. 
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Why Use a Teleconference? 
 
Videoconferencing increases efficiency and results in a more profitable use of limited 
resources. It is a very personal medium for human issues where face-to-face 
communications are necessary. When you can see and hear the person you are talking 
to on a television monitor, they respond as though you were in the same room 
together. It is an effective alternative to travel which can easily add up to weeks of 
non-productive time each year. With videoconferencing, you never have to leave the 
office. Documents are available, and experts can be on hand. A crisis that might take 
on major proportions if you are out of town, can be handled because you're on the 
job. Videoconferencing maximizes efficiency because it provides a way to meet with 
several groups in different locations, at the same time. 
 
As the limited resource of funding has decreased, limited resources now include 
instructors, parking spaces and buildings. Students now include time as limited 
resources. Teleconferencing enables institutions to share facilities and instructors 
which will increase our ability to serve students. 
 
Self Assessment Exercise 
 
Q.1 Define educational Technology. 
 
Q.2 Why educational Technology is necessary to integrate with education? 
 
Q.3 Differentiate between computer conferencing and Audio conferencing? 
 
Q.4  Write types of simulations according to Hargrave and Kenton 
 
Q.5  Describe subtle aspects of Educational Technology. 
 
Q.6  Write down characteristics of Educational Technology. 
 
Q.7  Describe need and importance of Educational Technology. 
 
Q.8  What are dimensions of educational technology. 
 
Q.9  Write views of technology as process o tool. 
 
Q.10  What are working area of educational technology. 
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Q.11  Discuss the role of TV in formal and informal Science learning. 
 
Q.12  Elaborate the role of Radio in formal and informal science learning. 
 
Q.13. Explain role of radio in inculcating values. 
 
Q.14 How radio is helpful for students weak in eye sights. 
 
Q.15 What are educational Functional of Radio. 
Q.16 How we can use TV for teaching of science. 
 
Q.17 Write Objectives which can be achieved through TV as Educational 

technology. 
 
Q.18 What are computer simulations. 
 
Q.19 What is the role of educational games in science learning. 
 
Q.20 Define animations and Write its types. 
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INTRODUCTION 
 
A science teacher encounters many kinds of students. Even normal students have 
individual differences. With increased recognition of individual differences, the 
school system should modify their instructional programme. 
 
Individualized instruction is process of adopting curriculum material according to 
the individual needs of student. This unit explains different approaches of 
individualized instructional advantages of individual instruction and teaching 
strategy students. 

 
 

OBJECTIVES 
 
After going through this unit student  teacher will be able to; 
1. Define individualize teaching; 
2. Make list of advantages and disadvantages of individualize teaching; 
3. To meet the difficulties of heterogenic group in his science class. 
4. Different between physically and emotionally disturbed student. 
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9.1 WHAT IS INDIVIDUALIZED SCIENCE TEACHING: AN 
INTRODUCTION 

 
It has been said that individualized science teaching is more than methods of 
teaching. It is a philosophy of teaching in which all children’s education is 
matched to their unique needs and/or special circumstances. All of the 
uniqueness’s in the first paragraph of this chapter are accommodated in 
individualized science teaching. We capitalize upon the unique manner in which 
each child learns ,and modify our teaching to recognize their differences and 
needs. 
 
The best way to individualize instruction is to give every student exactly what 
they need to learn, make it as easy as possible to learn it, and make sure each 
student receives enough practice and review so they retain what they’ve learned. 
All of this is to be done while focusing on preventing errors rather than trying to 
correct them. 
 
The fact is ,you probably have more individualization in your classroom right 
now than you realize..After placing an x in each yes or no response box to the six 
questions, check the box at the conclusion of this chapter for your 
“Individualization score” 
 
According to the characteristics of Good and Power (1976), students are divided 
into five categories. These are 
 
a) Successful Students are students who ten to  learn,  are  academically 

successful  and prone  to cooperate. Participate in the course, bringing very 
little discipline problem by fulfilling homework and activities.  

b) Social Students are  the type  of students who  have less  homework  or 
activity  orientation for  more people. They prefer  to engage in activities 
that have  the capacity to  achieve but socialize with  their friends.  

  
c) Dependent Students are the type of students who need more teacher support 

and motivation. They often need  additional  clarification  and  help. They  
may  be  excluded  by  their  classmates  because  the dependent students 
may be socially immature.  
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d) Alienated Students are the type of students who are reluctant to learn and 
have the potential to leave the school. Some of these  students refuse  to 
even  come to school. Some of  these kinds  of students can create hostile 
attack and challenge problems.  

 
e) Phantom Students are the type of students who are not recognized or heard 

in the class. Some of them are shy, some are nervous, some are quiet. They 
do the activities regularly, but they rarely participate in group work because 
they are not volunteers. 

 
The characteristics of effective or successful individualized instructional 
programs were investigated. The work of other evaluators was reviewed and a 
series of screening criteria were applied in order to identify effective programs. 
Programs were selected from evaluation reports for their effectiveness and their 
"popularity." Information about these programs was then obtained, coded, and 
used to analyze and synthesize findings. On both theoretical and operational 
levels, successful programs, including written instructional objectives, frequent 
diagnosis of student learning needs, provision of instruction five times per 
successful programs, including written instructional objectives, frequent diagnosis 
of student learning needs, provision of instruction five times per week, self-
pacing, the use of a variety of instructional materials, small group or independent 
study, and small class size. Some instructional features often considered necessary 
for individualization were not found to be essential, such as small class size, 
certain grouping patterns, or written individual plans. Assessment procedures 
were generally commercial, norm-referenced, standardized achievement tests. No 
highly informative literature was found on the appropriateness of standardized 
tests or criterion referenced tests for the evaluation of individualized programs. 
Descriptions of eleven evaluation reports, a list of successful programs, data 
collection sheets, and a number of tables are appended. (Author/BW) 
 
9.1.1 General Elements of Individualizing Science Teaching  
 
A second look at Shymansky’s system for monitoring individualizing science 
teaching reveals these general elements that you can use with all your students; 
1. Presenting a variety of instructional materials 
2. Selecting different media from different students 
3. Giving students the option of working on different topics or activates 
4. Having students design activities 
5. Encouraging teacher interaction with individuals or small groups 
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6. Having more teacher time spent on working with individuals and small 
group activities than on checking materials , assignments, grading, etc. 

 
Most elementary science programs and textbooks can be adapted for 
individualizing. You will find many suggestions in the teacher’s guides that 
accompany your science programs and textbooks. Some curricula, however, have 
been specifically designed with the purpose of individualization in mind. Here is a 
brief list of critical reviews of valuable individualized programs. 
 
There are some variations on individualized instruction in science. The entire 
science programm may be individualized for all students ,or only for the students 
with exceptional needs, Individualized instruction may be based on any or all of 
the following: rate of learning e.g accelerated , extra time; direction of learning 
e.g independent study, student selected projects; different methods e.g alone, 
small groups, teacher directed; different materials e.g reading, laboratory 
activities; and levels of achievements e.g tests, projects completed.  
 
So from the above points there are many variables available for science teachers. 
These approaches only describe things a science teacher can do in science 
classroom and do not include approaches requiring administrative or school-wide 
re-organization. Following approaches will help the science teachers to teach 
science students with individual differences. 
 
9.2  APPROACHES TO INDIVIDUALIZED SCIENCE TEACHING  
 
Grouping 
Most of the science teacher have been using grouping to cater the individual 
differences of the students. In one plan, the students are grouped according to 
ability. They are assigned units of work to complete and ,when they finish this 
work, they may be moved at the end of the semester to another group of higher 
ability and achievement. Sometimes teachers group within a classroom, so that 
there might be high, middle and low group in a class of say 30or 60. This system 
allows the teacher to adjust instruction to the different levels. It is usually not a 
good idea to maintain these groups on a permanent basis because that defines a 
“class” structure that may have disadvantages that outweigh the advantages. 
 
Continuous progress 
A second approach is called continuous –progress plan. It allows students to 
progress from subject to subject with no time restriction. If a student finishes 
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biology in six weeks and passes an examination, he then moves into chemistry. 
This approach is linear, that is ,it progresses through the regular sequence of 
science courses.  
 
Enrichment Programm 
Enrichment programs provide extra opportunities for science students who 
complete the regular program and the extra time needed for others to complete the 
chapter or unit. Here, the faster students have the opportunities to work in depth 
and breath within the sciences course. Using an enrichment program may require 
extra materials and resource centre. 
 
Team-Teaching 
Another attempt to give greater attention to individual differences is to use some 
large-group instruction in a team-teaching situation on certain days, with small-
group and individualized instruction on other days. The method is a compromise 
between having traditional group instruction and completely individualized 
instruction. This approach has the advantage of releasing teachers during large 
instruction so that they may prepare and organize materials. When this method is 
used ,there is no reason why the students can not be taught on an individualized 
basis when the group is broken down into smaller sections. 
 
Honour Classes, Special Seminars, and Second –level Courses 
Some schools have honour classes for science talented students. Students in these 
classes are encouraged to wok in laboratories on their own. They usually consult 
with the science teacher on a special problem or topic of study. The students are 
assigned laboratory space and have access to the materials needed for their work. 
Monthly reports of their progress are often required, as are seminars where they 
report on their research. In addition ,the students may visit local scientific 
industries and have scientists visits and discuss the students work and research.  
 
Science teachers may have special seminars on selected topics. These seminars 
are similars to regular classes in that students may meet daily, weekly or monthly 
to discuss a book or movies or interact with visiting scientists. Students and 
teachers can select topics of the study. All students are studying the same topic 
but the seminar gives them an opportunity to work beyond the regular science 
study curriculum.  
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Second level science courses are another alternative for meeting individual 
differences. The courses can be in physics, chemistry, biology or earth sciences. 
These courses vary widely . 
 
Some simply us college level text and laboratory manual. Other have used 
materials of the biological sciences curriculum study BSCS, such as the 
laboratory blocks, supplemented by outside readings. 
Some junior high schools have offered high school biology for the gifted on the 
9th grade level. This innovation has been successful.  
 
Tutoring 
The original individual instruction once exclusively for the rich; at least one 
writer has suggested it can be employed in contemporary public schools (Polos, 
1966). 
 
Correspondence Courses 
One of the first efforts to individualize instruction, they were available as early as 
1873. By 1882 a systematic plan for the study of foreign languages was 
announced. Weekly assignments of reading and translating sent to the student 
were corrected by the teacher "with notes and suggestions adapted to his 
individual needs" (Noffsinger, 1926, p.10). A recent Carnegie Study showed that 
between 3.5 and 5 million students were enrolled in correspondence courses 
(Pearse, 1967, p.10). 
 
Special Science Courses 
Some schools have instituted courses for those students who ,for whatever reason, 
do not do well in the regular science program. They can be designed as special 
courses ,which are thought like a seminar and use different materials designed for 
students with lower reading levels. Although there are clear advantages to these 
courses, it is also possible that they may become known as science for dummies 
or reffered to by some others derogatory phrase. One way to avoid this problem is 
to led the students select the courses they wish, look over the text ,and discuss 
their career plans, motivation, and past achievement in science with you or their 
advisors. Nothing need be said about students for whom the courses are designed. 
It is simply an option within the science sequence. 
 
Small schools are seldom able to offer special classes. They have ,however, 
encouraged students to do course work more or less on their own. The procedure 
is usually to have one or two students study a science film series or read the text 
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and do laboratory experiments. The students may not have direct supervision, 
although a science teacher meets with them from time to time to discuss their 
work and assignments. This plan has the advantage of developing more self 
direction and responsibility on the part of the students. Gifted students usually 
respond well to this type of operation. Other may need more individual attention 
and help. Still, with a little thought and planning you should be able to  sue some 
of these ideas in setting up special science courses for individual students.  
 
The process discussed thus far require varying degrees of administrative 
reorganization and support. The next section outlines an approach that require 
only time and effort on your part.  
 
Mastery Learning 
Learning for mastery was first formally described by John Carrol. In recent years 
the idea has been researched and developed by Benjamen Bloom. The assumption 
underlying traditional science teaching is that if students are normally disturbed 
with respect to aptitude for science they all are thought the same material in the 
same amount of time, then the expected result with respect to achievement will be 
a normal distribution. The assumption underlying mastery learning in science is 
that all students are normally distributed with respect to aptitude for science but 
the quality of instruction, and particularly the amount of time available for 
learning science ,is designed to meet the characteristics and need of each 
individual student. When this is the approach of teaching, the majority (about 
80%) of students can be expected to master the material. The primary variable is 
time to master the learning task.  
 
The approach used by Bloom and his colleagues has been to supplant the regular 
classroom instruction by using diagnostic evaluations and prescribing alternative 
materials and teaching methods. There are three main components to Blooms 
teaching strategy. Preconditions, operating procedures and outcomes. In the 
following some operational elements of these components are described. 
1. Pre conditions- defend the goals 
2. Specification of objectives 
3. Specification of content. 
4. Operating procedures-use of fortive evaluation. 
5. Divide unit of study in the smaller units of learning 
6. Use mastery test for each unit of learning. 
7. Use of alternative learning resources on prescribed basis. 
8. Outcomes –use of summative evaluation. 
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9. Final examination of material . 
10. Consideration of outcomes e.g cognitive ,affective and psychotomotor and 

self esteem,. 
 
To summarize ,mastery learning provides for individual differences within the 
regular classroom. There are testing and feedback processes plus extra time for 
students who need it. Supplementing the regular instruction with feedback and 
time allows for all students to master the material for a particular unit. The 
assumption is that if students have time they can learn, specially of they have 
corrective feedback on what to learn and how they are progressing. Many science 
teachers like the mastery  learning approach because it is an adaptation of regular 
classroom instruction. There are some steps in mastery learning . They are listed 
below. Again, they have been slightly modified for junior and senior high school 
science. 
Steps in mastery learning approach. 
1. Divide the science course into units of one or two weeks. These units may 

be chapters in your text or combination of chapters and other learning 
activities. 

2. Determine the objectives for each topic and unit. 
3. The basic and easy concepts are learnt before the complex one, and should 

be logically connected. 
4. Demonstration of mastery at the end of each lesson. Students should not be 

allowed to move to the next topic until they show that they master the 
proceeding lesson. 

5. Additional activities, time and strategies be adopted for those students of 
individual learning. 

 
All Students Are Special ;Individual Differences in the Classroom Special 
students in education ; 
 
A Rationale 
Of the many issues that educators will have to face during the 1990s,perhaps one 
of the most encompassing is that of a right to education for all students. In the late 
1970s attention was focused on the educational rights of  students who were 
traditionally placed in restricted special education programs. One result of this 
movement is the recognition of individual differences and the conclusion that has 
been clear to many teachers for a long time-all students are special.  
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We all stand to gain from having special students in the regular science 
classroom. Although it is only natural to expect some initial hesitation, frustration, 
or fear on the part of students and teachers alike, once these feelings pass the 
gains are clear: Special students encounter a whole new range of educational 
opportunities; regular students learn that’s in term of basic humans needs  and 
wants, special students are not very different from themselves; and teachers 
become more sensitive to the realities of different learning styles, subtleties of 
instruction, and of modifying crricula to meet students’ personal needs. In the 
end, we all find out more about what it means to be human. 
 
The points made in the preceding paragraph are important reasons for having 
special students in science classrooms. There is another reasons; it is the just thing 
for science teachers to do. We have a responsibility to provide the best science 
program for all over students. Science teachers know that students have unique 
needs that are not fulfilled by curriculum materials alone. The task for science 
teachers is to accommodate our programs and teaching to the needs of students, 
not to make students adapt to our science programs and teaching strategies. 
 
Students in Science Handicapped Class: Some Guidelines 
Teachers’ concerns are not in understanding why special students ought to be in 
science class rooms but rather in dealing with the fact that they are in our 
classrooms. And so the problems may be stated, “What can be done to provide the 
best science education program possible?” “What are the first steps?” “What 
should I do now?”The next sections are addressed to these questions. The ideas 
about teaching special students have been synthesized from many sources and 
should and should give the science teacher some information, some confidence, 
and some direction in working with special students. 
 
There are some simple, straightforward things that science teachers can do that 
will enable them to better understand and help most special students. Certainly 
there are unique problems in integrating any special student in to the science 
classroom. You can anticipate some personal tension and educational problems 
during the period of adjustment. And, understandably, we can not provide 
suggestions that will cover all situations. Nevertheless, there are some approaches 
that have provide helpful with most special students. 
 
General guidelines for helping handicapped students 
1. Obtain and read all the background information available on the students. 
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2. Spend time educating yourself on the physical and/or psychological nature 
of the handicap and how it affects the student’s potential for learning. 

3. Determine whether or not special help can be made available to you through 
the resources of a  “special education” expert. 

4. Determine any special equipment needed by the student. 
5. Talk with the student about limitations due to his or her handicap and about 

particular needs in the science class. 
6. Use resources teachers and aides to assist you. 
7. Establish a team of fellow teachers (including resource teachers and aides)to 

share information and ideas about the special students. A team approach is 
helpful in over coming initial fears and the sense of isolation in dealing with 
the situation. You may need to take responsibility for contacting appropriate 
school personnel and establishing the team; if so, take courage and do it. 

8. Other students are often willing to help special students. Encourage them to 
do so. 

9. Be aware of barriers, both physical and psychological, to the fullest possible 
functioning of the special student. 

10. Consider how to modify or adapt curriculum materials and teaching 
strategies for the special student without sacrificing content, processing, or 
activities. 

11. Do not underestimate the capabilities of the special students. Teacher 
perceptions of  students abilities have a way of becoming self fulfilling 
prophecies. If these perceptions are negative ,they may deter mentally affect 
the students endevour ability to create new options for him/her. 

12.  Use the same standard of grading and discipline for the special students as 
you do for the rest of the class. 

13.  Develop a trusting relationship with the special students. 
14.  Educate the other students about handicaps in general, as well as specific 

handicaps of students in their class. 
 
Hearing Impaired Students 
From an early age most students learn through listening. And there is very 
indication that most teaching is telling. Hearing impairment is defined as an 
auditory problem adversely affecting the students educational performance. 
Students with hearing impairment often have developmental delays in speech and 
language. These delays have obvious effects on the ability to communicate . 
hearing impaired students will nor necessarily have problems acquiring science 
concepts, although they may have difficulty learning the written or oral language 
to communicate their understanding. Helping hearing impaired students; 
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1. The hearing impaired students depend heavily on visual perception . 
therefore seat the students for optimal viewing.  

2. Determine whether an interpreter will be needed and the nature of the 
student speech language problems.  

3. Learn the students most effective way of communication. 
4. Find the students of “listening helper”. 
 
Visually Impaired Students 
Like the hearing impaired , the visually impaired are those students whose vision 
is limited enough to equire educational adoptions. Students who can read material 
with the use of magnifying devices and/or enlarged print are classified as partially 
seeing. Students who require Braille or taped material are classified as 
educationally blind. 
 
Helping Visually Impaired Students 
1.  Visually impaired students learn through sensory channels, other than 

vision, primarily hearing. .Therefore seat students for optimal listening. 
2.  Determine from the student what constitute the best lighting. 
3.  Change the room arrangement whenever necessary but always make a 

special effort, formally and informally to reorient the students. 
4.  Allow the students to manipulate tangible materials ,models and when 

possible, “real” objects. Do not unduly protect students from materials. 
5.  Speak aloud when you have written on the board and charts. 
6.  Use the students name ;other wise the students may not know when he/ she 

is being addressed.  
7.  Since smiles and facial gesture might not be seen, touching is the most 

effective means of reinforcing the students work. 
8.  Be aware of students eye fatigue .This fatigue can be overcome by varying 

activities. Using good lighting and providing close visual work. 
9.  Have the students use his/her visual capacity when possible . 
 
Physically Impaired Students 
Students with physical and health impairment represent a diverse group of special 
needs, for this category includes students with allergies, cerebral palsy, asthma, 
arthritis, amputations, diabetes, epilepsy, spina bifida, and muscular dystrophy. 
Some are mobile and others are confined to wheelchairs; some have good use of 
their limbs and others do not. Some having single crippling conditions and some 
are multi handicapped. The range of needs is such that some can work in the 
regular science classroom with little or no problem, whereas others require 
fulltime education in special class. 
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Helping Physical Impaired students 
1. Eliminate artechetectural barriers. 
2. Become familiar with the basic mechanics and maintenance of braces, 

prostheses, and wheelchairs. 
3. Understand the effects of medic on students and know the prescribed 

dosage. 
4. Obtain special devices such as pencil holder or reading aids for students 

who need them 
5. Learn about the symptoms of special health problems and appropriate 

responses. 
 
Speech and Language –Impaired Students. 
Untill recently classroom teachers and more contact with speech and language 
impaired students than any other with handicapping conditions. This situation 
may still be true in most schools but learning disabilities program are growing 
rapidly. Speech and Language handicapped that you might encounter articulation 
(The most common problem) dyslexia, delayed speech, voice problems, and 
shuttering. In addition, students with other handicaps such as cleft palate, cerebral 
palsy , and hearing loss may have speech and language problems. 
 
Helping Speech-and Language Impaired students 
1. Help the students become aware of his or her problem; students must be able 

to hear their own errors. 
2. Incorporate and draw attention to newly learned sounds in familiar words. 
3. Know what to listen for and match appropriate remedial exercise with the 

students problems. 
4. Be sure your speech is articulate; students often develop speech and 

language pattern through modelling. 
 

Learning –Disabled and Mildly Mentally Impaired Students 
There is a distinction between learning disabilities and mild mental handicaps. 
The difference is much too long and technical to summarize. Students with mild 
mental handicaps should be identified only through the use of multiple criteria . 
Classroom teachers may observe indications of mental handicaps in a students 
social interaction, general intelligence , emotional maturity, and academic 
achievement. In contrast . students with learning disabilities show a significant 
discrepancy between their achievement and the apparent ability to achieve. The 
problem is manifest as a disorder of learning and not mental ability. Science 
teachers may observe learning disabilities in the area of arithmetic, listening, 
reading, spelling, logical thinking, speaking and writing. 
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Helping Learning-disabled and mentally impaired Students. 
1. Listen closely so you can understand the students perceptions and 

understanding of concepts and procedures.  
2. Use an individualized approach based on the students learning style, level of 

understanding , and readiness. 
3. Use multisensory approaches to learning visual ,auditory, kinesthetic and 

tactile. 
4. Find and use the students most refined sensory mode to aid in development 

of mental capacities. 
5. Make use of the students strengths and work on diminishing him/her 

deficiencies. 
6. Reduce or control interruptions since many special students have short 

attention span. 
7. Stay within the students limits of frustration. Rely on your judgment, not the 

level od curriculum. 
8. Start conceptual development at a sensory motor or concrete level and work 

towards more abstract level.  
9. Work on speech and language development. 
10. Help special students to develop self-esteem; a good, formally grounded 

self-concept is essential to their continued development. 
 
Emotionally Impaired Students 
These students probably cause the greatest concern and frustration for science 
teachers. As it turns out ,they are also the ones who have been in science 
classrooms all along. Emotionally impaired and disruptive students show 
behaviour that ranges from mild-attention getting “ pranks” to violent assault. 
They may also be mildly withdrawn to clinically depressed and suicidal. Other 
examples of behaviour that teachers might identify as disturbed or disruptive 
includes; regression, fears and phobias, chronic complaints of painand illness, 
aggressiveness, overdependence, socila isolation, perfectionalism, excessive 
dieting, obesity, chemical dependency, defiance, vandalism. 
 
The students behaviours may be a result of fores within or from the environment. 
The first may be psychological or physiological in origin. Environmental factors 
might include violence in the home, school pressures, and social problems. In 
many cases , schools and teachers have contributed to the development of 
disruptive behaviours. How so? Extreme emphasis on grades, teachers comments, 
harsh and punitive treatment, unwarraned social comparison, unrealistic physical 
and academic requirements, and teacher conversation about student behaviours 
that in turn become fulfilled , prophecies when other teachers have done, often 
advertently, that pushed  students to extreme pattern of behaviour. 
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Helping Emotionally Impaired Students 
1  Spend time with the students when he is not being disruptive. 
2.  Make reasonable and clear rules. 
3.  provide realistic, reasonable and appropriate consequences if rules are 

broken. 
4.  Disruptive behaviours range from low levels at which a student may merely 

be looking for attention or recognition through a spectrum that ends in 
range, tantrums, or complete withdrawal. Try always to be alert to behaviour 
that though minimally disruptive , could become more serious problem. 

5.  Avoid personal confrontations or situations that provide troubled students. 
6.  Make directions for assignments , class work, and laboratory procedures 

directly, clear and complete. 
7.  Be aware of and prepare for transitional times in the classroom. 
8.  Provide troubled students with success experiences. 
9.  Resolve conflicts by talking about specific behaviours, reasoning and 

involving the students in the problem-solving process. Once a course toward 
aggressive or uncontrolled behaviour is started, it is hard to stop. 

10.  convey your intention to help resolve the problem mutually,” we have 
problem here and we are going to resolve it”.  

11.  If behaviour problem escalates, try to talk about the process while providing 
solutions to the problems. For example “ we are both getting angry , can’t 
we settle this calmly”? or “ I see you are upset; lets try to solve the 
problem”. 

12.  Avoid using comparison, embarrassment, riggiculate and unwarranted 
threats to change behaviour. 

13.  Never use physical punishment for the rule violation 
 
Teaching Science for Individual Differences. 
After reading the previous sections it should be clear that, as a science teacher, 
you will encounter a broad range of students. Even normal students have 
individual differences that should be recognized in the science classroom. With 
increased recognition of individual problems and because of the laws cited earlier, 
more and more school systems are modifying their instructional programs so that 
greater attention should be given to the students with individual differences. 
Psychological research indicates that there are human differences which have 
implications for teaching . The research indicate that: 
1. Individuals come to the classroom with different conceptions of natural 

phenomenon. 
2. Individuals vary in the rate at which they learn concepts. 
3. Individuals have different levels of motivation towards learning. 
4. Individuals have different levels of psychomotor skills. 
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5. Individuals have different attitudes, values, and concepts with regard to the 
science. 

 
There are many more such statements that could be made concerning individual 
differences among students in the science classroom. Common Sense and 
observation confirm the statements as much as research evidence. Yet there has 
been reluctance on the part of teachers to modify instruction. In this section we 
will describe several ways you can individualize instruction in your science 
classroom. 
 
Individulaized instruction is the process of adapt has many practical advantages, there 
are also several disadvantages. A science teacher considering taking up a position in a 
school or seriously thinking about the implementation of such a system should be 
aware of these disadvantages before she makes the pertinent decisions. Generally ,the 
problems involve facilities, scheduling, materials and cost. 
 
Facilities 
 Schools implementing student centered instruction seldom completely 
individualized their courses, for to do so means that there must be facilities 
available for small and large groups as well as individualized learning. To design 
and provide facilities to accommodate e various modes of teaching, architect must 
know in advance how many of each type are required, to ensure maximum 
utilization of the plan.  
 
Scheduling           
Because of the diversity of the program and this type of instruction ,scheduling 
can become a problem. For example ,if there s one large group instructional room 
,it must be scheduled and used by several departments to ensure maximum 
utilization. Obviously ,this use by various departments limits the flexibility for 
any one program. Because the instructor will be able to use the room only when 
they are schedule to do so.  
 
Staff 
In utilizing  a science program means that the facility must operate as teams. 
Instructor must be well prepared in several subjects because they may be 
supervising a large laboratory pertaining students working on units spread over 
several areas in different subjects. Because students are often working on different 
units within each of these subjects ,a teacher read a chapter ahead of these 
students the night before and be prepared. Individualized teachers must know the 
subjects and curriculum went to interact appropriately with each students needs.  
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Acting as a member of a fully functioning team is often difficult because of the 
differences in how members view their functions as teachers and what they think 
or appropriate requirements for the learners. For example if some teachers believe 
that students should be directed to cover a lot of materials and other thing that 
they should be given considerable freedom to become autonomous investigators , 
there are bounds to be conflicts among the facility team members.     
 
Materials 
Individualized science instruction demands more reading matter and audiovisual 
aids then those conventional teaching, since multilevel learning its must be 
available so as to adjust the materials to the academic abilities of the students. For 
example the intellectually gifted may read a college level book or listen to a 
“teacher prepared tap talk” about the subject topic. Educationally impaired 
students may need materials emphasizing laboratory activities. 
 
Cost 
Because of the need for multilevel, multi learning aids for varied student abilities, 
individualized instruction is more  costly than to traditional approaches, 
particularly because students wear out film strips ,thirty five millimeter slides, 
educational software, and taps more rapidly then when they are used solely for 
group instruction. The problem of maintenance of these materials and AV aids 
and the Audio Visual machines require that a resource center be stuffed by 
technically competent people, increasing the need for financial support.  
 
Teaching Gifted Students 
 
Four main approaches which may be used for gifted children: 
 
1.  Acceleration Approach: 
 It is an old approach for gifted education. 

The term ‘acceleration’ refers to the school process of educational 
programmes-early entrance into school, skipping entire grades, doing more 
work per year (perhaps 3 year’s work in two years or doing advanced work 
for advanced standing). 

 
 Ability Grouping has two types of classes: 
 (i)  Special classes, and 
 (ii)  Special tales coping grades schools. 
 Acceleration is defined as progress through an educational programme at a 

faster rate of an age younger than convention indices. 
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 Evaluation: 
 a.  It is not possible to find out separate time for these students. 
 b.  This is costly affair 
 c.  Causes wrong Psychology or impressions on others, or feel jealous 
 d.  Undemocratic 
 e.  Intellectual aristocracy. 
 Therefore, it is not psychological method, but open education system can be 

introduced for levels to meet the demands of gifted children. 
 
2.  Enrichment Approach: 

The enrichment of curriculum must be both qualitative and quantitative. 
Qualitative enrichment of curriculum means that gifted children should have 
greater opportunity than average children. Quality refers the depth while 
quantity enrichment means breadth of the content or work. 

 (i) The programme for gifted child should represent an extension of 
general educational objectives. 

 (ii)  The educational programmes generate a stimulating learning 
environment both in school and outside the school. 

 (iii)  The programme should place a special emphasis on creative ability, 
insight and social responsibilities. 

 (iv)  The educational programme should promote basic fundamental skills 
knowledge, appreciation and creativity etc. 

 
 The Curriculum for Gifted Children: 

“Gifted children need less drill to master them on fundamental processes. 
Notice, at what points they merely marking time, what lessons finished 
early. Arid at what time he opens library book or show signs of restless or 
boredom. On this basis find time for enrichment. Give special attention and 
stimulate in ordinary class and give some high or difficult home task. 
Reorganize the curriculum with pupil-teacher planning as ambitious and 
rich, which can sustain interest in school work and stimulate their mental 
capacities”. 

 
3.  Special Teaching Methods: 
 The following methods of teaching are used of gifted children: 
 i.  Individual enrichment—Arrange enrichment activity which the gifted 

student can carry out by himself at his desk. 
 ii.  Group oriented method—Development enrichment spontaneously out 

of the units and committee work of the whole class. 
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 iii.  Variety of teaching methods can be used. Give reference material, 
thoughtful questions and home assignment of higher difficulty, which 
are appropriate for gifted students should be used. 

 iv.  Establishing the higher goals for gifted pupil. 
 v.  Stimulating individual research. 
 vi.  Assigning the project to use potential of the child e.g. home projects in 

agriculture-which provide more rich experience. 
 vii.  Special project for gifted students. 
 viii.  Establishing objectives and selecting appropriate techniques. 
 ix.  To provide the awareness to the gifted students about the plans and 

programmes and their potentialities. 
 x.  Flexibility in teaching units. 
 
4.  Special Group Approach: 
 Under this approach is has been suggested that there should be special 

schools for gifted students. There should be separate provision in the 
schools by forming groups of gifted students. 

  
 The groups may be formed on the following units: 
 i.  There should be special group in general classes in primary or 

elementary school. 
 ii.  There should be separate provision related to the subjects—English 

language, mathematics, science and social studies at junior and 
secondary schools. 

 iii.  There should be provision for special curriculum at higher secondary 
schools. 

 iv.  There should be honours courses at college and university level. 
Separate plan and procedure for special group. 

 
Make realistic appraisal of each one’s capacity then use this appraisal for 
homogenous grouping. This will narrow down the range of ability and 
achievement in each group as compared to the class as a whole. 
 
(a)  Group leader-assign every student one problem, provide occasions for 

independent reading, reference work, Interviews in community etc., gifted 
students can be appointed as a leader of the group. So that he has time to 
exercise leadership ability and imagination. In this way they can gain 
experience in organizing individuals to work together in dealing with human 
relations problems and in accepting responsibility for group action. 

(b)  Make regular conferences with gifted students-for their working and help 
them plan their work-difficulties and evaluation. 
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(c)  Arrange to broader the gifted group’s activity into a total class project by the 
use of round table discussions, displays, field trips and assemblies. With 
some modification these activities become a learning activity for the entire 
class, and they also become interested in pursuing similar activities 
themselves. 

(d)  These large, flexible units lend themselves to varied teaching techniques-
individualized instruction, work in small groups and total class groups. 

(e)  Project method may be used for special group. Some challenging tasks may 
be assigned to such group. 

(f)  Reflective level teaching or problem solving technique should be employed 
for gifted group. 

(g)  The teacher should acquire the knowledge of psychology of gifted children 
has special training for teaching and dealing gifted group students. He 
should be democratic, flexible in his behaviour. 

 
9.3 General Method and Techniques for Gifted Teaching Children: 
 
Some important devices have been summarized as follows: 
1.  The positive reinforcement or praise and encouragement devices are 

effective but challenge and criticism devices are much more effective to 
reinforce their behaviour. For example “We do not expect such behaviour 
student like you”. 

2.  The repetition in teaching is boring to them. They do not take interest in the 
unnecessary interpretation and repetition of content in classroom teaching. 

3.  They prefer concept formation, generalization and completing the gaps. 
Teacher should not explain each and every aspect of the content; he should 
leave some gaps to be filled by them. 

4.  Teacher should probe into the depth of the content to develop some insight 
into it. 

5.  There should be the provision and facilities of library, reading, laboratories 
and field work. 

6.  In classroom teaching difficult questions are put for providing challenge 
them. 

 
It is estimated that students who are gifted and highly talented encompass 5 to 
15% of the school age population. These advances students can have increased 
capabilities in academics, creativity, music, dance, art, and/or leadership. The 
following are recommended: 
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Compact the curriculum and provide enrichment activities. Provide 
environments that are stimulating, and address cognitive, physical, emotional, and 
social needs of gifted children in the curriculum. Let the students move quickly 
through the required curriculum content and onto more advanced material. Allow 
for academic rigor. 
 
Implement a multi-level and multi-dimensional curriculum. Differentiate the 
curriculum in order to address differences in the rate, depth, and pace of learning. 
This will enable all students in the class to learn about a specific area by creating 
projects at their own ability level. For example, if students are learning about the 
state of Delaware, students of different ability levels can be assigned to different 
types of tasks. At the conclusion of the class, all of the students can present what 
they have learned to the entire group. 
 
Be flexible with the curriculum. Take advantage of real-life experiences that can 
be translated into problem-solving academics for all students. For example, an 
impending snowstorm can be used to instruct students. Students of different 
ability levels can be given different tasks, such as figuring out what snow is made 
of, predicting the amount of snowfall, or determining how many snow plows will 
be needed if 8 inches fall. 
 
Allow students to pursue independent projects based on their own individual 
interests. Independent projects can be assigned on the basis of ability level. 
Encourage creativity and original thinking among gifted students. Allow them to 
explore ways of connecting unrelated issues in creative ways. 
 
Allow gifted children to assume ownership of their own learning through 
curriculum acceleration. Instruct them to work ahead to problems of skills that 
they do not know. To help children learn the value of attaining knowledge in their 
lives, encourage learning for its own sake, rather than emphasizing the end results 
or accomplishments. Teach research skills for accessing information; higher level 
thinking skills for processing it; creative thinking and problem-solving skills for 
flexibility in approach and generation of information; and communication skills 
for sharing it.  
Teach interactively. Have students work together, teach one another, and 
actively participate in their own and their classmates’ education. Note: This does 
not advocate gifted children being peer tutors in the classroom; the gifted student 
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should be challenged as well. Emphasis should be on working together in the 
classroom. Cluster gifted children together as a table within the regular classroom 
and utilize advanced materials, as well as other suggested resources and 
modification, to meet their exceptional needs. 
 
Explore many points of view about contemporary topics and allow 
opportunity to analyze and evaluate material. Allow open forums and debates 
in the classroom about controversial issues. As a teacher of gifted children, take 
an active stance. Be an advocate for gifted students. Utilize specialized training to 
ensure the ability to meet the needs of gifted students. Share personal interests 
with all students, to enrich and expand their world. 
 
Encourage gifted students to participate in extracurricular activities that 
involve academic skills. Examples include math and debate teams. Because 
gifted children are often natural leaders, it is important to invite them to use their 
talents and abilities in beneficial, rather than disruptive, manners. For example, 
encourage the gifted student to run for office in student council, or another 
extracurricular activity in which he/she is involved. 
 
Set individual goals. Help guide students in creating their own goals and set 
goals that are specific, measurable, aggressive, realistic, and within a reasonable 
time frame. Be sure not to place expectations that are too high or too low. 
 
Do note assign extra work to gifted children who finish assignments early. 
This is unfair and frustrating to them. Simply offering more of the same only 
restricts further learning. Instead, allow those children to work on independent 
projects or other unfinished work when they finish an assignment early. 
 
Establish and maintain a warm, accepting classroom. Teach your classroom 
community to embrace diversity and honor differences. Provide an environment 
in which the child can demonstrate his or her potential or aptitude to learn and 
perform. Teachers should strive to establish a noncompetitive, individualized, and 
open classroom, which allows all students to advance at their own rate of 
learning. 
  

261 



9.4 GENDER FRIENDLY SCIENCE TEACHING 
 
Science, Mathematics and Technology Education (SMTE) 2 constitute the areas 
within the educational system where the gender disparity, in several of the poorest 
countries of the world, is greatest. SMTE is also the area of the educational 
system where many of the skills expected as a result of an education that 
stimulates development, naturally should be learned: Securing good health, 
fighting diseases, protecting the environment, farming and developing agriculture 
and developing new industries and technologies are all activities that require skills 
in science and technology. A proper science education is also regarded as crucial 
to empower pupils and equip them with skills necessary to become active 
participants in democracies. Science education in several developing countries has 
however been accused of not being suited to equip pupils with such skWhat ills. 
Despite the documented benefits to economic and social development of granting 
females education, relatively fewer girls than boys are given the opportunity to 
participate and perform in science education in several of the poorest countries of 
the world. 
 
Several theoretical discourses might be appropriate to advance our understanding 
of how gender equity in science education can be achieved. I have chosen to 
explore whether feminist theories and their critiques of science may contribute to 
a better understanding of possible approaches to gender equity in science 
education. 
 
Most attempts to explain why females are underrepresented in science tend to end 
up criticizing science and/or science education practices. Within the feminist 
philosophy of science, natural science and scientific inquiry are criticized for the 
discrimination and alienation of women. Similarly feminist and postcolonial 
critiques of science have shown a discrimination of non western males as well as 
females (Harding20, 1998; Shiva21, 2001). 
 
Gender refers to the roles and responsibilities of men and women that are created in 
our families, our societies and our cultures. The concept of gender also includes the 
expectations held about the characteristics, aptitudes and likely behaviours of both 
women and men (femininity and masculinity). Gender roles and expectations are 
learned. They change over time and they vary within and between cultures. Systems 
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of social differentiation such as political status, class, ethnicity, physical and mental 
disability, age and more, modify gender roles (UNESCO, 2003b, p. 15) 
 
Self Assessment Exercise 
Answer the following questions 
1. Define individualized teaching? 
2. Enlist different approaches to individualized science teaching? 
3. What are advantages of individualized Science Teaching? 
4. What do you understand about special students? 
5. What is difference between hearing impaired and Visually impaired 

students. 
6. Write how hearing impaired students can be helped. 
7. Which type of special students require more care for teaching science. 
8. Why it is difficult to adopt individualized teaching at school level , give 

suggestion to overcome this difficulty? 
9. Conduct an action research to the state of gender friendly science teaching? 
  

263 



References 
 
Designing & developing programs for gifted students. (2003). Thousand Oaks, 
CA: Corwin Press. 
 
Handbook of gifted education. (2003). Boston, MA: Allyn & Bacon. 
 
Heward, W.L. (2009). Exceptional Children: An Introduction to Special 
Educaation (9th ed.). New Jersey: Pearson. 
 
Heward, W.L. (2009). Exceptional Children: An Introduction to Special 
Educaation (9th ed.). New Jersey: Pearson. 
 
UNESCO (2003a). Gender and education for all. The leap to equality. Global 
monitoring report 2003/2004, UNESCO. Retrieved June 14, 2004, from 
UNESCO’s Web site:  
http://www.unesco.org/education/efa_report/2003_pdf/chapter3.pdf 
 
Weinburgh, M. (1995). Gender differences in student attitudes towards science: A 
meta analysis of the literature from 1970 to 1991. Journal of Research in Science 
Teaching, 32 (4), 387-398. 
 

264 


	Contents
	Unit 1
	Changing theories about Mars
	Rationale
	What you need
	Focus
	Exploration
	Reflection
	The story behind life on Mars
	Mars vs. Earth

	Light Intensity Attenuation
	Rationale
	What you need
	Focus
	Exploration
	Reflection


	Unit 2
	Unit 3
	Unit 4
	Unit 5
	Tips for Creating Effective Lesson Plans

	Unit 6
	Unit 7
	Unit 8
	The Impact of Computers on Students’ Attention
	The Impact of Computers on Neighboring Students’ Attention
	Post-instructional
	Supplemental Instruction

	Types of Animation
	Traditional animation (cel animation or hand-drawn animation)
	Stop motion animation (Claymation, Cut-outs)
	Motion Graphics (Typography, Animated logo)
	Computer animation


	Unit 9
	9.3 General Method and Techniques for Gifted Teaching Children:


