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BACHELOR OF EDUCATION ( B.Ed)

Semester 111

(For the examination to held in the year 2017, 2018 & 2020)

Methodology of teaching subject-11

Course no. 302 Title: Teaching of Biological Science

Credits 4 Total Marks: 100

Maximum Marks Internal: 40
Maximum Marks External: 60

Duration of Exam: 3hrs

Objectives:

To enable the pupil teachers to:

Develop a broad understanding of biological science.

Develop teaching competencies related to biological science at
secondary level.

Become effective teachers in order to perform desired role as a
biological science teacher.

Familiarize themselves with the type of audio visual aids, techniques
and methods of teaching required for teaching of biological science.

Evaluate students performance and provide remedial teaching

Unit I

Concept of biological science. Biological science and society (Biological

science for health and biological science for environment). Contribution of

some eminent scientists (Aristotle, Robert Hooke, Gregor Johann Mendel,

Charles Darwin and William Kerby). Role of school. Professional qualities

and professional growth of a biological science teacher.



Unit II

Audio-Visual Aids: Meaning, importance, types and use of audio - visual
aids for teaching of biological science. Role and organization of the following
in teaching of biological science -field trips, science clubs, science museum,
science fairs, biological science lab and preparation of low cost teaching
aids in teaching of biological science. Techniques of teaching: Lecture cum
demonstration method, project method, problem solving method, inductive
deductive method and heuristic method
Unit- 111
Evaluation: meaning and purpose of evaluation . Types of evaluation —
Formative and summative evaluation. Evaluation tools - Diagnostic testing
and remedial teaching, oral tests, quizzes, essay type tests and objective type
tests.
Unit-1V

Tissues: Types and functions of plant and animal tissue. Organ system: A
brief outline of the different organ systems in plants and animals. Life
processes: Basic concept of nutrition, respiration, transportation and excretion
in plants and animals
Sessional work:

Report on a visit to a biological park/ herbarium/ museum/ preparation of
a scrap book.
Note for Paper Setters

The Question paper consists of 9 questions having Q no 1 as

Compulsory having four parts spread over the entire Syllabus, with a

weightage of 12 marks .The rest of Question paper is divided into four Units
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and the students are to attend four Questions from these units with the internal
choice. The essay type Question carries 12 marks each. Unit IV having the
sessional work/field work (section) could also be a part of the theory paper.
Internship/field work Unit IV having the components/activities of the
internship are to be developed in the form of the Reflective Journal. All the
activities under the internship are to be evaluated for credits and hence all
the activities are to be showcased by the trainee and are to be fully recorded
with the complete certification of its genuineness .
The Theory paper is to have 60 marks (external). 40 Marks are for the In
House activities
Books recommended
e Gupta ,S.D. & Sharma, D.R.(2002). Teaching of science.Malhotra
brothers, Jammu.
e Kohli, V.K. (2001). How to teach science.Vivek Publishers,Ambala city.
e NCERT. (2013) .Science. Publication Division. NCERT Campus, New
Delhi
e Sharma, R.C. (19810. Modern Science Teach ing. Dhanpat Rai
Publishing Co. New Delhi.



TEACHING OF BIOLOGICAL SCIENCE

CONTENTS
Course |Unit| Lesson | Title of Lesson Name of the | P.
No No [No Script Writer] No.
302 | 1 Concept of biological science. | Dr Franky 6
Teaching Biological science and society | Rani
Biological (Biological science for health
and biological science for
environment).
2 Contribution of some eminent | Dr Franky 25
scientists (Aristotle, Robert Rani
Hooke, Gregor Johann Mendel,
Charles Darwin and William
Kerby).
3 Role of school. Professional Dr Franky 55
qualities and professional growth | Rani
of a biological science teacher.
I |4 Audio-Visual Aids: Meaning, | Dr Deepa 79
importance, types and use of Rana
audio-visual aids for teaching
of biological science.
5 Role and organization of the Dr Deepa 94
following in teaching of Rana
biological science -field trips,
science clubs, science museum,
science fairs, biological science
lab and preparation of low cost
teaching aids in teaching of
biological science.
6 Techniques of teaching: Lecture [ Dr Deepa 118
cum demonstration method, Rana




project method, problem solving
method, inductive deductive
method and heuristic method

I |7 Evaluation: meaning and Dr Sandeep | 138
purpose of evaluation. Sawhney
8 Types of evaluation Formative | Dr Sandeep | 150
and summative evaluation. Sawhney
9 Evaluation tools-Diagnostic Dr Sandeep | 161
testing and remedial teaching, | Sawhney
oral tests, quizzes, essay type
tests and objective type tests.
IV |10 Tissues: Types and functions of | Dr Franky 175
plant and animal tissue. Rani
11 Organ system: A brief outline | Dr Franky 199
of the different organ systems | Rani
in plants and animals.
12 Life processes: Basic concept | Dr Franky 228
of nutrition, respiration, Rani

transportation and excretion in
plants and animals.




LESSON NO. 1 UNIT-1
CONCEPT OF BIOLOGICAL SCIENCE, BIOLOGOICAL
SCIENCE AND SOCIETY

STRUCTURE
1.1  Introduction
1.2 Objectives
1.3 Meaning of Bilogical Science
1.4  Nature and Scope
1.5 Aims and Objectives of Teaching Biological Science In Schools
1.6  Biological Science and Society
1.6.1 The Most Important Values Among Them Are:
1.6.2 Development of Scientific Attitudes
1.6.3 Training in Scientific Method
1.7  Biological Sciences for Environment
1.8  Biological Sciences for Health
1.9  Values Imbibed Through Biological Science
1.10 Let Us Sum Up
1.11 Lesson End Exercise
1.12 Suggested Further Readings
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1.1 INTRODUCTION

The science which deals with the study of living objects is called

Biology. Thus the subject involves the studies of all kinds of micro-organisms,
plants and animals. Biology is related to mankind ever since the origin of
man, therefore this branch of science stands first in order of studies as
compared to other branches of science. Ever since the origin of life, man is
eager to know about various phenomenon of life processes such as health
and disease, birth, growth and death. However, man depends on plants and
animals for food shelter and clothing which are immediate needs of life,
come from Biology. Perhaps it was the elementary need of man to know
about the living beings, so that maximum benefits can be drawn out of them.
Though biology involves study of life, but now a day it is mostly centralised
with the study of agriculture, animal husbandry, health and microbiology
and related branches. Today study of any branch of science is not possible in
isolation as it also involves principles of physics, chemistry and various other
branches.

1.2 OBJECTIVES

After going through this lesson, you shall be able to:

® describe the nature and scope of biological science,
® discuss the aims and objectives of teaching of biological science, and

® cxplain the values of teaching of biological science in the context of
health and envionment.

1.3 MEANING OF BIOLOGICAL SCIENCE

Biology is a natural science concerned with the study of life and living

organisms, including their structure, function, growth, evolution, distribution,
identification and taxonomy. Biology literally means “the study of life”.
Biology is such a broad field, covering the minute workings of chemical
machines inside our cells, to broad scale concepts of ecosystems and global



climate change. Biologists study intimate details of the human brain, the
composition of our genes, and even the functioning of our reproductive
system.

1.4 NATURE AND SCOPE

Biology has certain characteristics which distinguish it from other

spheres of human endeavour. These characteristics define the nature of
biology. Humans have always been curious about the world around them.
The inquiring and imaginative human mind has responded to the wonder and
awe of nature in different ways. One kind of response from the earliest times
has been to observe the physical and biological environment carefully, look
for any meaningful patterns and relations, make and use new tools to interact
with nature, and build conceptual models to understand the world. This human
endeavour is Biology. But Biology is ultimately a social endeavour.

Biology is knowledge and knowledge is power. With power can come
wisdom and liberation. Or, as sometimes happens unfortunately, power can
breed arrogance and domination. Biology has the potential to be beneficial
or harmful, emancipative or oppressive. History, particularly of the twentieth
century, is full of examples of this dual role of Biology. In a progressive
forward-looking society, Biology can play a truly liberating role, helping
people out of the vicious circle of poverty, ignorance and superstition. Biology,
tempered with wisdom, is the surest and the only way to human welfare.
This conviction provides the basic rationale for Biology education. Science
promotes scepticism; scientists are highly sceptic people. Scientists look at
everything with suspicion. Every new observation or a new theory is received
with a lot of scepticism. It leads to a lot of debate among scientist. A new
observation is accepted only when experimental observation shave been
checked by independent individuals or groups at various places with identical
results. Similarly, a new theory is accepted when theoretical calculations
have been repeated by other scientists independently with identical results.
Science and biology in particular, holds several foundational values that
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should be conveyed to students as they pursue careers as scientists or science
teachers.

Science is based on at least four fundamental values:
* Curiosity is good and should be encouraged.
*  Knowledge itself is good—it is good to acquire knowledge.
» Itis wrong to falsify or fabricate the data on which knowledge is based.

» Itis good to keep an open mind (to be willing to examine and consider
new evidence and arguments), tempered by a vigilant level of
scepticism.

1.5 AIMS AND OBJECTIVES OF TEACHING
BIOLOGICAL SCIENCE IN SCHOOLS

One of the important aims of education is to help students to become

responsible democratic citizens of the country. The responsibility of science
teachers is not only to teach facts, principles and processes of science, but
also to facilitate students to discharge their social responsibilities and preserve
democracy as well. They should appreciate how science and technology have
developed and are affected by many diverse individuals, cultures and societies.
They need to be encouraged to appreciate and participate in the responsible
use of science and technology for the benefit of society, to visualize future of
our nation and to become sensitive and responsible citizens. It is important
to develop critical thinking in them about interconnectivity of science,
technology and society in order to maintain a healthy and sustainable society.
Students should be encouraged to develop a scientific vision about different
issues, about acquiring and processing information, about scientific and
technological developments and their relevance to everyday life and long-
term implications to society. Science education aims to make students develop
scientific attitude, so that in later life they can help society make rational
choices when confronted with various possibilities and challenges. Humans’
inquisitiveness and usefulness of the knowledge of science are the two main
factors which have led them to continuously strive to understand the behaviour
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of nature and use the knowledge of science to make their life more
comfortable. In doing so humans systematized knowledge by classifying it
into various fields of their activities, built concepts to understand the
behaviour of nature and found various ways to exploit it. All these endeavors’
of the humankinds resulted in a new discipline known as science. Science
has influenced and benefited us so immensely that it has become
indispensable. At the same time, the society has also helped science to grow.
Science enhances the quality of our life and it is visible in all walks of life.
Since science has been developed by people who are part of a group, society
or a country, it is expected that their social, psychological, political, economic
perceptions could change the course of development of science.

The science education is aimed for the learner to

e know the facts and principles of science and its applications, consistent
with the stage of cognitive development;

e acquire the skills and understand the methods of processes that lead
to generation and Validation of scientific knowledge;

e develop a historical and developmental perspective of science and to
enable her to view science as a continuing social environment;

e relate science education to environment (natural environment, artifacts
and people), local as well as global and appreciate the issues at the
interface of science, technology and society;

e acquire the requisite theoretical knowledge and practical technological
skills to enter the

World of work nurture the natural curiosity, aesthetic sense and
creativity in science and technology;

e imbibe the values of honesty, integrity, cooperation, concern for life
and preservation of environment;

e Cultivate scientific temper- objectivity, scepticism, critical thinking
and freedom from fear and prejudice.
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1. Acquisition of knowledge and understanding

It is important for children to acquire the knowledge of science content,
1.e., concepts and underlying principles as they provide a sound base to explore
the unknown and build further knowledge, yet these cannot be passed to
children directly. In addition, their understanding cannot be developed by
rote learning. It can be done by providing children relevant and age appropriate
learning opportunities that allow them to undergo experiential learning
through exploration and interaction with their environment and construct their
knowledge. Creation of knowledge is crucial to children’s learning. Their
previous experiences are very important for it, as the experiences lead them
to develop new ideas. Teachers need to collect such experiences of children
to build further knowledge on their previous knowledge. For this they may
engage the children in meaningful discussions through questioning and
listening. Even children’s drawings, concept maps also serve as good tools
to acquire such information.

2. Development of skills

Doing experiments require certain skills, which are called laboratory
skills. In order to do experiments, students have to handle apparatus carefully,
set up the apparatus to perform the experiment and make correct observations.
These are the skills which come under laboratory skills. Some simple
apparatus can be prepared by the students which also require some skill.
When they do experiments in laboratory they have to move with other students
cooperatively sharing the responsibilities. This develops feeling in the
students. This is called general skill. They also need to develop drawing skill.
These skills are necessary for the students to develop when they study biology.
All these basic skills are important individually as well as when they are
integrated.

3. Development of scientific attitude

Science attitude can be nurtured over a period of time through the
process relevant learning situations that require creating an open classroom
environment encouraging children to perform activities and experiments and
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reading scientific literature, freely interacting with their surroundings and
asking questions. A science teacher needs to provide children experiences of
a number of scientific activities as base for a thorough understanding of
science and developing scientific attitude and temper.

4. Development of thinking abilities

In science, critical thinking increases science learning potentials. It
requires deliberate review of the way in which activities are carried out, the
ideas emerges and the way these can be improved. It is the ability to analyse
information and experiences in an objective manner. Reflecting on the
processes of thinking does not come readily to young children as it involves
abstract thinking as well. Teachers can facilitate this by engaging the children

in discussions through activities.
5. Nurturing curiosity

Curiosity led to questions in the mind like why, what and how. When
students ask such questions, the teacher should not discourage them. The
teacher should facilitate them to find answer using scientific principles.
Science is nothing but all that happens around us. Students come across many
questions out of curiosity. Curiosity leads to inculcation of /earning to learn
aspect of education. Curiosity can be generated in the learners by taking
them to science centres; providing opportunities to work on science projects
and to read scientific literature; facilitating interaction with persons having
scientific attitude; encouraging to participate in science exhibition and science
quiz, etc. Science activities can be designed to encompass several factors
making up curiosity. Curiosity gets aroused as a result of doubt, perplexity,
contradiction, cognitive conflict, ambiguity, lack of clarity, etc. A teacher
needs to create suitable learning situations for this.

6. Nurturing creativity

Creative thinking is a novel or innovative way of seeing or doing things.
Creative thinking enables a learner to explore available alternatives and
consequences of actions or non-actions and contributes to decision-making
and problem solving.
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Check Your Progress-1
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. Biology literally means

Q2. Acquisition of and is the first aim of

biological science.

Q3. In science, critical thinking increases potentials.

1.6 BIOLOGICAL SCIENCE AND SOCIETY

1.6.1 The most important values among them are:

Intellectual Value:

Biological Sciences develops our thinking and reasoning skills. It
gratifies our intellectual instincts and makes us aware of our surroundings
and ourselves. It increases our understanding of the complex issues existing
around us. The primary aim of science education is the development of
intellectual ability. Biological Sciences education inculcates the knowledge
of facts, the spirit of enquiry, the technique of assumption, the power of
observation, and value judgment in the students.

It helps in developing logical thinking, reasoning, analysis, and
creativity in the students. It develops the scientific attitudes and provides
training in scientific methodology. It develops rational thinking in an
individual and prepares him to face the challenges of the modern world with
a scientific outlook.

It sharpens our minds and makes us intellectually honest and critical
in our observation and reasoning. We usually tend to arrive at conclusions
without any bias in the light of science. Some of the important scientific
attitudes, which are appreciated with science knowledge, are open-
mindedness, curiosity, systematic thinking and reflective thinking.
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Biological Science helps in understanding and solving many problems
like social, economic, political or cultural. A tree does not have any partiality
towards a particular person belonging to a caste, community, region, religion,
nation etc. The same intellectual values develop among child and human
beings at large.

Utilitarian Values:

Biological Sciences has a number of applications in our everyday life.
Development of Biological Sciences can be related with the development of
human race. The advances in the fields of medicine, improvement in the
health and hygiene thereby improving the lifespan of human beings, are due
to the enormous developments in scientific knowledge.

Science has influenced the lives of people so much that today we cannot
imagine our lives without the involvement of science. Biological Sciences
has a major impact in the field of medicines and health, preventing and curing
number of diseases. The increased production of food for the ever- increasing
population of the world is also the gift of Biological Sciences for the survival
of man.

Vocational Values:

Biological Sciences is a multi-disciplinary subject and creates a lot of
awareness about many aspects of modern development. As a subject it has
helped in generating a number of vocations. It has many applications and the
students fit better into any vocation as they have a basic knowledge of science.

Advancement and applications of biological Sciences led to Dairy,
Poultry, Agriculture, Veterinary, Microbiological, Bio-chemical, and
Biotechnological and Paramedical fields. Biological Sciences graduates may
enter teaching, or enter industries related to Bio-products. The knowledge of
science develops a number of skills like reasoning, analysis; critical thinking.

It helps individuals to become technically competent and professional
in their attitudes. It helps them to become self-sufficient. Scientific hobbies
motivate the students to become creative in their outlook. In every vocation
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scientific attitude is required and hence basic science education is a must for

every student.
Moral Values:

Biological Science as a process and product based on values of truth,
beauty and goodness. Scientific experimentation is based on truthfulness and
honesty. We can say that science is truth. Success in science is purely
dependent on the truthfulness. A student working on scientific procedures
should inculcate the values like patience, perseverance, truthfulness, honesty
and determination. He should be rational in outlook and should accept critical
feedback from others.

A person who is pursuing science is considered as a seeker of truth.
No success is achieved without being truthful. Thus, science not only develops
scientific thinking skills but also develops moral values in students. Plant
kingdom protects human beings. Many animals live together. Protecting the
other living, togetherness values can be imbibed through Biological Sciences.

Aesthetic Values:

Nature is beautiful. Ours is a beautiful universe with many unfolding
mysteries in it. As a part of this beautiful universe we should be able to
appreciate our mother nature. Aesthetic sense has its origin in nature.
Biological Science helps us in unfolding the mysteries of this universe. A
Science student appreciates the nature in a better way. Nature exhibits an
order, which is governed by general laws and thus possesses a beautiful
harmony.

Einstein called it as “the pre-established harmony” We all know that
the discovering of such beautiful harmonies is the concern of science. A tree
waves, A bird flies in blue sky, Sun rising and setting is beautiful. Thus,
Biological Sciences recognize the beauty of nature, appreciate the nature
and make our lives worth living.

Cultural Values:

Biological Sciences plays an important role in the civilization of man.
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From ancient civilization to the present modern world science has become
part and parcel of our everyday life. Science has a great impact on the culture
of man in any society. Its application to the material and maintenance system
brought a drastic evolution in the culture.

The study of science inculcates scientific attitudes and methodology
in the individuals. This affects the way of thinking and the way of living of
the individuals. Science has aided the growth of our consciousness by
developing awareness about the various facts, concepts, beliefs, customs and
traditions of the world.

This has heightened our intellectual abilities and helped in refining,
understanding and discriminating the facts of life. Science develops cultural
value as it forms an integral part of one’s life and influences our social
heritage. The knowledge of science has a major influence in bringing about
a renaissance in our culture and traditions.

The scientific knowledge helps in bringing about a cultural balance
between the traditions of the past and the advances of the present, as they are
undergoing constant change due to the practical applications of the scientific
discoveries. The development of our society or civilization or culture is wholly
dependent on scientific progress. Thus, science is an integral part of our
cultural treasure. Biological products are useful in protecting our cultural
treasures.

Creative Values:

The Instinct of science is creativity. Creativity is defined as an activity
resulting in new products of a definite social value. It is the ability to think,
create or do something new or original. It includes a series of actions, which
create new ideas, thoughts and physical objects.We can say that science is
also a product with social value, which is due to creative thinking of many
scientists over a period of time. Science develops creativity in students.
Students learn new concepts, identify new techniques and perform innovative
experiments.
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They observe the processes, conduct experiments successfully and
even develop alternative methods of study. These develop the creativity in
the learners. All products useful to man are creation of science.

Disciplinary Values:

Science brings mental and physical discipline in the life of the
individual. Problem solving, decision-making, critical thinking, perseverance
and commitment to tasks are some of the mental disciplines, which a student
develops by the study of science.

The study of science teaches the student to undertake physical work
like practical experimentation for long hours in the laboratory, collect the
data, record, analyze and interpret the data and arrive at conclusions. All
these activities result in development of self-discipline in the students.

Value of Proper Utility of Leisure Time:

It is very important for the students’ to utilize their leisure time in a
proper manner. The knowledge of Biology should create interest and motivate
the students to use their leisure in an appropriate manner. The leisure time
should be used to take up small time projects, or hobbies like collection of
specimens of plants or insects and preserving them.

The teacher may take the students to plant nurseries or poultry or dairy
farms to develop the knowledge about the growth and development of plants
and animals. The students may be asked to write articles for the newspapers
or school magazines. They may also take up science club activities or take
part in science fairs and make the best use of their leisure for enhancing their
knowledge of biology.

Value of Science as a Basis for Better Living:

The explosion of scientific knowledge has lead to much advancement
in the field of science and technology. This made the human beings to lead a
more peaceful, healthy and happy life. The developments in the field of
medicine, health, industry, food and nutrition, environment and sanitation
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and also electronics and communication have revolutionized the world. They
made this world a happier and pleasurable place to live.

The Delor’s Commission (1996) of UNESCO in its report entitled
‘Learning- the treasure within’, advocates the need to cultivate core universal
values like human rights, sense of social responsibility, social equity,
democratic participation, tolerance, cooperative spirit, creativity,
environmental sensitivity, peace, love, truth, non-violence etc. within the
learner.

Education for human values is an important area that needs to be
promoted at all stages of education. Science offers many opportunities for
value inculcation. For example while teaching the concepts such as the states
of matter you can discuss the values of coordination, unity and staying together
based on the bonding and forces of attraction between the molecules. How
freedom of molecules in a gas gives different shapes to it. Hence, Freedom
delivers creativeness.

1.6.2 Development of Scientific Attitudes:

The knowledge of science results in the development of attitudes like
critical observation, open-mindedness, unbiased thinking and judgment. It
frees individuals from the superstitious beliefs and improves their rational
thinking. Science brings a positive change in the attitudes of individuals,
which improve the life of the individual and help in satisfying the basic
instincts of curiosity, creativeness, self-assertion, self-expression etc.

The development of scientific attitude has a great impact on an
individual’s psychology i.e., the way of thinking. Scientific attitudes develop
based on scientific laws, principles and theories. Law of conservation of mass
says no matter can be created. Hence, nature is existing by itself, this is the
attitude one develops from science. So on and so forth

1.6.3 Training in Scientific Method:

The study of science trains the students to solve the problems by
applying the scientific principles. They approach the problem using a definite
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scientific procedure called scientific method. Explanation or problem-solving
scientifically is called as scientific methodology.

With the help of scientific method, one can easily solve any problem
comfortably. Therefore, it is a necessary that the students are taught and
trained in these scientific methods so that they can attack the problem instead
of escaping from it.

The students make a survey of the problem, collect the data, formulate
the hypothesis, analyze the result, draw the conclusions and give the
generalizations. Once the student is familiar with all the scientific methods,
they can solve any type of problem even in their real life. Taxonomy states
that every plant is unique, in spite of its similarities with other plants.

While teaching the properties of a magnet we can discuss the sociable,
acceptable nature of the child in whatever group he may be present like the
attraction of iron fillings to the magnet.

1.7 BIOLOGICAL SCIENCES FOR ENVIRONMENT

Environment may be defined as everything present in the universe,

which includes air, water, soil, plants, animals, rivers, mountains, the sun,

the moon and space.

Environment covers the four segments i.e. atmosphere, hydrosphere,
lithosphere and biosphere. Due to the increased activities of man (pollution)
and surplus exploitation of natural resources there is a danger of ecological
imbalance and destruction of the environment. In such a situation the only
rescue for the survival could come from the intervention of science.

A new branch of chemistry, namely ‘green chemistry’ has developed
to prevent environmental degradation. Green chemistry is about utilizing
existing knowledge and principles of chemistry and other sciences to reduce
the adverse impact of human activities on the environment.

The study of the effect of contaminants (physical, chemical, biological)
on the environment has also become part of science. Scientists started working
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on the prevention of pollution of water, air, soil, noise, and that caused by
radioactivity. For example, Compressed Natural Gas (CNG) as a fuel is
preferred to petroleum and diesel to reduce the level of CO, in air.

Also alternative sources of energy like wind, solar, nuclear, biogas,
tides and geothermal etc., have been explored and their use is growing. These
measures will surely decrease pollution and the global warming. Thus, science
is essential for study of environment and its improvement.

Unscientific life styles have resulted in greater amount of waste
material generation. Change in attitude also has a role to play, with more and
more things we use, becoming disposable. Change in packing has resulted in
much of our waste becoming non-biodegradable.

1.8 BIOLOGICAL SCIENCES FOR HEALTH

The progress of any society takes place only when its members are
healthy. Science has served the humanity to a greater extent to make its
members healthy and free from diseases. Science made innumerable
contributions in the field of medicine for improving our health.

It provided medicines for almost all the known major and minor
diseases and helped in inventing different operational implements for the
surgeons to operate on the patients. Awareness about personal hygiene and
sanitation is possible due to the knowledge of science.

The outcomes of medical research and development like lasers,
mechanical cardiac assist devices, mechanical valves, automatic internal
defibrillators have saved many lives. Science and technology will expand
the current frontier of medical knowledge. Armed with this new knowledge,
we may identify the causes and eliminate most of the effects of the diseases
that plague mankind.

In ancient times, Indian society was quite alert to the physical and
mental health of its members. Indian medical tradition dates back to Vedic
times. Ayurveda perhaps the most ancient medical system, originated in India
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by Charaka who lived in 2™ or 3 century BCE, is considered as the king of
physicians in India.

He was acquainted with all branches of medicine, including surgery
and psychotherapy. His works are compiled in ‘Charaka Samhita’. In this
volume 100,000 plants along with their medicinal properties were included.
He stressed importance of diet and physical activity on the mind and body
Unani is also practiced from ancient times.

Magnetism in Medicine:

An electric current always produces a magnetic field. Even the weak
ion, current that travel along the nerve cells in our body also produces
magnetic fields. When we touch some things, our nerves carry an electric
impulse to the muscles we need to use. This impulse produces a temporary
magnetic field.

Two main organs in the human body where the magnetic field produced is
significant are the heart and the brain. The magnetic field inside the body
forms the basis of obtaining the images of different body parts. This is done
using a technique called Magnetic Resonance Imaging (MRI). Analysis of
these images helps in medical diagnosis. Magnetism has, thus, got important
uses in medicine.

Check Your Progress-2
Note: (a) Answer the questions given below

(b) Compare your answers with those given at the end of this lesson.

1. Biological Science education inculcates the knowledge of , the
spirit of , the technique of assumption, the power
of , and value judgment in the students.

2. Development of Biological Sciences can be related with the

development of

3. Two main organs in the human body where the magnetic field
produced is significant are the and the
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1.9 VALUES IMBIBED THROUGH BIOLOGICAL
SCIENCE

There is an increasing demand for science education in the society as

we are living in an era of science and technology. Science education is very
important for the individual benefits and for the development of the society
on the whole. Science is also very important in our day-to-day lives.

Science education not only develops knowledge and competence in the subject
but also helps in developing values of life. Knowledge of science prepares
the individual to face the challenges of the ever-changing modern world. We
can inculcate a number of values in the students through Biological Sciences
education.

1.10 LET US SUM UP

Biology is related to mankind ever since the origin of man, therefore

this branch of science stands first in order of studies as compared to
other branches of science.

* Biology is knowledge and knowledge is power.

* Biology is a natural science concerned with the study of life and living
organisms, including their structure, function, growth, evolution,
distribution, identification and taxonomy. Biology literally means “the
study of life™.

e Science has served the humanity to a greater extent to make its
members healthy and free from diseases

* The responsibility of science teachers is not only to teach facts,
principles and processes of science, but also to facilitate students to
discharge their social responsibilities and preserve democracy as well.

1.11 LESSON END EXCERCISE

* Define Biological Science.
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* Explain aims and objectives of biological science.
¢ Name some values imbibed through biological science.
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1.13 ANSWERS TO CHECK YOUR PROGRESS
Answers to check your progress-1

1. “The study of life”.

2. Knowledge, understanding.
3. science learning

Answers to check your progress-2
1. Facts, Enquiry, Observation
2. Human Race.

3. Heart, Brain.

sk ok ok s s ok ok sk skoskok
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LESSON NO. 2 UNIT-1
CONTRIBUTION OF SOME EMINENT SCIENTISTS

STRUCTURE
2.1  Introduction
2.2 Objectives
2.3 Aristotle
2.3.1 Contributions of Aristotle
2.3.1.1 The Logic of the Categorial Syllogism
2.3.1.2 Classifications of Living Beings
2.3.1.3 Founder of Zoology
2.3.1.4 Contributions in Physics
2.3.1.5 The History of Psychology
2.3.1.6 Advances in Meteorology
2.3.1.7 Ethics
2.3.1.8 Aristotelians
2.3.1.9 Politics
2.3.1.10 Poetics
2.4  Robert Hooke
2.4.1 Contributions of Robert Hooke
2.4.1.1 The Science of Astronomy
2.4.1.2 Pendulum Clocks
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2.4.1.3 The Law of Elasticity
2.4.1.4 The Building Block of Life (Cell)
2.4.1.5 Hooke Microghraphia
2.4.1.6 Theory of Evolution
2.4.1.7 Observations Regarding Gravitations
2.4.1.8 The Wave Theory of Light
2.4.1.9 Characteristics of Air
2.4.1.10Model of Memory
2.5  Gregor Johann Mendel
2.5.1 Contributions of Gregor Johann Mendel
2.5.1.1 Mendel’s Pea Plant Experiment
2.5.1.2 Plant Hybridization Experiments
2.5.1.3 The Principle/Law of Segregation, Mendel’s “First
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Law

2.5.1.4 The Principle/Law of Independents Assortment,
Mendel’s “Second Law™

2.5.1.5 Rediscovery of Mendel’s Work
2.5.1.6 Theory of Heredity
2.5.1.7 Genetics
2.6 Charles Darwin
2.6.1 Contributions of Charles Darwin

2.6.1.1 Darwin and H.M.S. Beagle’s Five Year Voyage around
the Globe

2.6.1.2 The Formation of Coral Reefs and Atolls
2.6.1.3 The Voyage of the Beagle
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2.6.1.4 The Theory of Natural Selection In 1838
2.6.1.5 The Theory of Natural Selection
2.6.1.6 Origins of Species
2.6.1.7 The Foundation of Evolutionary Biology
2.6.1.8 The Evolution of Plant
2.6.1.9 The Concept of Sexual Selection
2.6.1.10 Wrote Numbers of Books
2.7  William Kirby
2.7.1 Contributions of William Kirby
2.7.1.1 Monographia Apum Angliae
2.7.1.2 An Introduction of Entomology
2.7.1.3 Mankind and The Animal Kingdom
2.8 Let Us Sum Up
2.9  Lesson End Exercise
2.10 Suggested Further Readings
2.11 Answers to Check Your Progress

2.1 INTRODUCTION

Science is creating wonders almost every day. What was once sheer

fantasy is now almost a reality by virtue of the recent achievements of men
of science. Almost everything that makes eases our daily life are the wonders
of modern science. Science has conferred many gifts on modern life. Indeed,
they are far too many to be counted.

The terms “science” and “scientific” have come to have a special
meaning and to carry a special weight in modern society. Professional
scientists tell us that genetically modified foods that are safe to eat, that
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industrial emissions are causing global warming, that vaccines don’t cause
autism, and that some medications are safe and effective while others are
not. A consumer product seems more trustworthy if it’s described as
“scientifically proven” or if “clinical studies have demonstrated its
effectiveness.

Right from the beginning of human settlement, a lot of people came
up with ideas, philosophies or policies. Our federal government invests
taxpayer dollars in “scientific research” of different varieties. Whether
something can be categorized as “science” determines if we allow it to be
taught in our public school science curricula, as in the ongoing debate over
teaching evolution vs. intelligent, beliefs, experiments, research, redesigning
of thoughts, and surveys to bring myths to reality. People contributed for
science to study different aspects of nature to prosper mankind. These genius
minds put a keen interest on every phenomenon right from when they were
kids. The zeal, passion, dedication, hard work and the effort they put in their
work helped them discover something new about the world we live in.

The world today dwells in the abode of scientific advancement in
different sectors of medical science, engineering and technology because of
these scientists. The present picture of the world that we see would not have
transformed without the contribution of these great personalities. Great
philosophers and masterminds that existed in the ancient Greek era to the
present day scientists, we’ve seen inexplicable abilities that helped us define
our existence and human life.

In this lesson we will discuss about the contribution of some eminent
scientists i.e. Aristotle, Robert Hooke, Gregor Johann Mendel, Charles Darwin
and William Kirby.

2.2 OBJECTIVES

After going through this lesson you shall be able to:

e give a brief sketch of Aristotle,

e describe the contributions of Aristotle,
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e discuss the contributions of Robert Hook,
e highlight the contributions of Gregor Johann Mendel,
e cxplain contributions of Charles Darwin,

e delineate the contributions of William Kirby.

2.3 ARISTOTLE (384-322 BC)

Born in 384 BC in Stagira, a small town on the northern coast of

Greece, Aristotle is arguably one of the most well-known figures in the history
of ancient Greece. Aristotle displayed an instinct to use scientific and factual
reasoning in his study of nature, a trait his predecessors routinely discarded
in favor of their philosophical thoughts. Perhaps it was because of his
unyielding fascination for nature, logic, and reason that he went on to make
some pivotal contributions that are still reflected in modern-day mathematics,
metaphysics, physics, biology, botany, politics, medicine, and many more.
He truly earns the honor of being called the First Teacher. To delve further
into the details of his achievements, here is a list of the contributions of
Aristotle:

2.3.1 Contributions of Aristotle
2.3.1.1 The Categorial Syllogism

Syllogism is a certain form of reasoning where a conclusion is made
based on two premises. These premises always have a common or middle
term to associate them, but this binding term is absent in the conclusion.
This process of logical deduction was invented by Aristotle, and perhaps lies
at the heart of all his famous achievements. He was the first person to come
up with an authentic and logical procedure to conclude a statement based on
the propositions that were at hand. These propositions or premises were either
provided as facts or simply taken as assumptions. For instance: Socrates is a
man. All men are mortal. These two premises can be concluded as “Socrates
is mortal.”
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2.3.1.2 Classifictions of Living Beings

In his book, HistoriaAnimalium or History of Animals, Aristotle was
the first person in human history to venture into the classification of different
animals. He used traits that are common among certain animals to classify
them into similar groups. For example, based on the presence of blood, he
created two different groups such as animals with blood and animals without
blood. Similarly, based on their habitat, he classified animals as ones that
live in water and ones that live on land. In his perspective, life had a
hierarchical make-up and all living beings could be grouped in this hierarchy
based on their position from lowest to highest. He placed the human species
highest in this hierarchy.

| ORGANISMS
| l

Proka:'yotes Eukaryotes
Unicellular i
+
Monero l l
Unicellular Multicellular
Protisita l
With cell-wall Without cell-wall
)
nimalia
1 l Animali
Do not perform Able to perform
Photosynthesis Photosynthesis
Fungi Plantae

Classification of Organisms into five Kingdoms

2.3.1.3 Founder of Zoology

Aristotle is also known as the Father of Zoology. As evident from his
classification of living beings, all his classification procedures and several
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other treatises primarily involved different species of the animal kingdom
only. However, he wrote a number of treatises that revolved around different
aspects of zoology as well. Some of his popular treatises such as History of
Animals, Movement of Animals, Progression of Animals and others were
based on the study of different land, water, and aerial animals. Unlike his
predecessors who merely documented their routine observations of nature,
Aristotle worked on outlining specific techniques that he would use to make
specific observations.

He used these empirical methods to carry out what we could call in
the modern age “designation,” several proto-scientific tests and experiments
to study the flora and fauna around him. One of his early observational
experiments included dissecting birds’ eggs during the different stages of
embryonic development inside the egg. Using his observations, he was able
to study the detailed growth of different organs as the embryo developed into
a fully-hatched youngling.

2.3.1.4 Contributions in Physics

It is true that while Aristotle established new frontiers in the field of
life sciences, his ventures into physics fall short by comparison. His studies
in physics seem to have been highly influenced by pre-established ideas of
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contemporary and earlier Greek thinkers. For instance, in his treatises On
Generation and Corruption and On the Heavens, the world set-up he described

had many similarities with propositions made by some pre-Socratic era
theorists. He embraced Empedocles’ view on the make-up of the universe
that everything was created from different compositions of the four
fundamental elements: earth, water, air, and fire.

Similarly, Aristotle believed that any kind of change meant something
was in motion. In a rather self-contradicting way (at least the initial
interpreters found it to be so), he defined the motion of anything as the
actuality of a potentiality. In its entirety, Aristotle understood physics as a
part of theoretical science that was in sync with natural philosophy.

2.3.1.5 The History of Psychology

Aristotle was the first to write a book that dealt with the specifics of
psychology: De Anima or On the Soul. In this book, he proposes the idea of
abstraction that reigns over the body and mind of a human being. The body
and mind exist within the same being and are intertwined in such a way that
the mind performs many basic functions of the body.

In a more detailed psychological analysis, he divides the human
intellect into two essential categories: the passive intellect and the active
intellect. According to Aristotle, it is in human nature to imitate something
that, even if on a mere superficial level, provides us with a sense of happiness
and satisfaction. Perhaps the highlight of his psychological observations has
been the delicate connection that binds human psychology with human
physiology. His contributions were a giant leap forward from the pre-scientific
era psychology that went before him and led us into an age of far more precise
qualitative and quantitative analysis.

2.3.1.6 Advances in Meteorology

For his time and age, Aristotle was able to put forth a very detailed
analysis of the world around him. At present, the term “meteorology”
specifically encompasses the interdisciplinary scientific study of atmosphere
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and weather. But Aristotle had a far more generalized approach wherein he
also covered the different aspects and phenomena of air, water, and earth
within his treatise Meteorologica.

In this treatise, in his own words, he lays out details of “different
affections” that are common between air and water, as well as the different
parts of the earth and the affections that bind those parts together. The
highlights of his Meteorologica treatise are his accounts of water evaporation,
earthquakes, and other common weather phenomena. His analysis of these
different meteorological occurrences is one of the earliest representations of
such phenomena, although that doesn’t say much about the accuracy of his
meteorological studies. Aristotle believed in the existence of “underground
winds” and that the winds and earthquakes were caused by them. Similarly,
he categorized thunder, lightning, rainbows, meteors, and comets as different
atmospheric phenomena.

2.3.1.7 Ethics

An attempt to summarize the rich details of Aristotelian ethics within
the bounds of a couple of paragraphs will not do it justice. Having said that
The Nicomachean Ethics stand out as a major highlight of Aristotle’s
interpretations. It represents the best-known work on ethics by Aristotle: a
collection of ten books based on notes taken from his various lectures at the
Lyceum. The Nicomachean Ethics lays out Aristotle’s thoughts on various
moral virtues and their respective details.

Aristotelian ethics outline the different social and behavioral virtues
of an ideal man. For example, the confidence one bears in the face of fear
and defeat stacks up as courage, the ability to resist the temptations of physical
pleasures stand out as a person’s temperance, liberality and magnificence
speak of the volumes of wealth one can give away for the welfare of others,
and any ambition can never be truly magnanimous unless it attains an
impeccable balance between the honor it promises and the dues it pays. These,
along with other pivotal excerpts, build the groundwork for Aristotle’s
endeavors in ethics. In this ethical essence, Aristotle believed that “regardless
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of the various influences of our parents, society and nature, we ourselves are
the sole narrators of our souls and their active states.”

2.3.1.8 Aristotelianism

Aristotelianism is the biggest example of the influence Aristotelian
philosophy has had on the entire subsequent philosophical paradigm.
Aristotelianism represents the philosophical tradition that takes its roots from
the various works of Aristotle in philosophy. The route of conventional
philosophy is highly influenced by different aspects of Aristotelian ideologies
including his view on philosophical methodology, epistemology, metaphysics,
aesthetics, ethics, and many more.

The fact remains that Aristotle’s ideas have become deeply engrained
in the social and communal thought structure that followed in the Western
world. His philosophical works were first rehearsed and defended by members
of the Peripatetic school. The Neoplatonists followed suit soon after and made
well-documented critical commentaries on his popular writings. Historians
also point out major references to Aristotelianism in early Islamic philosophy
where contemporary Islamic philosophers such as Al-Kindi, Al-Farabi and
others translated and incorporated Aristotle’s work into their learning.

2.3.1.9 Politics

The word “politics” is derived from the Greek word polis which in
ancient Greece simply represented any city state. Aristotle believed that the
polis reflected the topmost strata of political association. Being a citizen of a
polis was essential for a person to lead a good-quality life. Attaining this
status meant that a citizen needed to make necessary political connections to
secure permanent residence. In Aristotle’s view, this very pursuit pointed to
the fact that “man is a political animal.”

He divides the polis and its respective constitutions into six categories,
of which three he judges to be good and the remaining three bad. In his view,
the good ones are constitutional government, aristocracy, and kingship, and
the bad ones include democracy, oligarchy, and tyranny. He believes that the
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political valuation of an individual directly depends on their contributions in
making the life of their polis better.

2.3.1.10 Poetics

Many of the records of Aristotle’s views on art and poetry, much like
many other documents of his philosophical and literary works, were composed
around 330 BC. Most of these exist and survive to this day because they
were duly noted down and preserved by his pupils during his lectures.
Aristotle’s insight into poetics primarily revolves around drama.

During a later period when Aristotelianism was gaining more ground
around the world, his original take on drama was divided into two separate
segments. The first part focused on tragedy and epic, and the second part
discussed the various details of comedy. According to Aristotle, a good tragedy
should involve the audience and make them feel katharsis (a sense of
purification through pity and fear).

It has been more than 2,300 years since the last day of the Aristotelian
era the research and work of Aristotle remain as influential today as it ever
was. From fields that lean towards structurally scientific orientation such as
physics and biology, to the very minute details about the nature of knowledge,
reality, and existence, his multitudinous all-round contributions truly make
him one of the most influential people in human history.

Check Your Progress-1
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.
Q1. Who is known as father of zoology ? ( )
Q2. Who has given the classification of living beings? ( )
Q3. Name the book written by Aristotle on the specifics of psychology.

( )
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2.4 ROBERT HOOKE (1635-1703)

Active in the 17th century, Robert Hooke is one of the most important

scientists of his generation and contributed in an amazing variety of scientific
fields. Among other things, he was the first to discover the cell; invented
anchor escapement; came up with Hooke’s Law of Elasticity; and discovered
the role of air in combustion, respiration and transmission of sound.

2.4.1 Contributions of the Robert Hooke
2.4.1.1 The Science of Astronomy

Hooke was one of the first men to build a Gregorian telescope. In 1664,
he discovered the fifth star in Trapezium, an asterism (mini-constellation) in
the constellation Orion; the Great Red Spot, a prominent oval-shaped feature
in the southern hemisphere of Jupiter; and Gamma Arietis in the northern
constellation of Aries, one of the first observed double-star systems.
Hooke first suggested that Jupiter rotates on its axis and his detailed sketches
of Mars were used more than 200 years later, in the 19th century, to determine
the rate of rotation of the planet.

2.4.1.2 Pendulum Clocks

Hooke made tremendous contributions to the science of timekeeping.
He applied himself to the improvement of the pendulum and around 1657
invented anchor escapement which is a mechanism to maintain the swing of
the pendulum. The anchor became the standard escapement used in almost
all pendulum clocks. Around the same time, he developed the balance spring,
which for the first time enabled accurate timekeeping in portable time pieces
making pocket watches useful timekeepers. He also conceived the idea
that accurate timekeeping could be used to find the longitude at sea.

2.4.1.3 The Law of Elasticity

In 1660, Robert Hooke discovered the law of elasticity, which states
that the stretching of a solid body is proportional to the force applied to
it. Hooke’s Law laid the basis for studies of stress and strain and for
understanding of elastic materials. It is extensively used in all branches of

38



science and engineering, and is the foundation of many disciplines such as
seismology, molecular mechanics andacoustics. It is also the fundamental
principle behind the spring scale, the manometer, and the balance wheel of
the mechanical clock.

2.4.1.4 The Building Block of Life (Cell)

Robert Hooke used an improved compound microscope he had built
to study the bark of a cork tree. In doing so he discovered and named the
cell — the building block of life. However he didn’t know it’s true biological
function. Hooke coined the term cell in 1665 and published the discovery in
his famous book Micrographia.

2.4.1.5 Hooke’s Micrographia

Hooke’s Micrographia, the first scientific best seller and one of the
most important books ever written, demonstrated thetremendous power of
the microscope andinspired people to use it for scientific exploration. Our
knowledge of microbiology, quantum physics and nanotechnology can all be
traced back to it and the path scientists were inspired to follow after seeing
the world Hooke had revealed. Among other things, the book became famous
for its detailed illustrations, especially those of insects.

2.4.1.6 The Theory of Evolution

Robert Hooke was the first person to use a microscope to study fossils
and he published his findings in Micrographia. He concluded that fossils had
once been living creatures whose cells had become mineralized. He also
concluded that some species that had once existed must have become extinct.
This was a controversial suggestion as most people at the time found the
concept of extinction theologically unacceptable. Thus Hooke was one of
the first proponents of a theory of evolution.

2.4.1.7 Observations Regarding Gravitation

In Micrographia Hooke argued for an attracting principle of
gravitation. In 1666, he suggested that the force of gravity could be measured
by utilizing the motion of a pendulum. In 1670, he correctly said that gravity
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applied to all celestial bodiesand theorized that the force decreases with
distance and in its absence objects would move in a straight line. In 1678, he
stated the inverse square law to describe planetary motions. Sir Isaac Newton
later gave evidence for the law and mathematically demonstrated it.

2.4.1.8 The Wave Theory of Light

Newton's rings is a phenomenon in which an interference pattern is
created by the reflection of light between two surfaces—a spherical surface
and an adjacent flat surface. Robert Hooke was the first to describe this
phenomenon in his book Micrographia although its name derives from Isaac
Newton, who was the first to analyze it. In 1672, Hooke made experimental
observation of the phenomenon of diffraction (the bending of light rays around
corners). To explain it e offered the wave theory of light and suggested that
light’s vibrations could be perpendicular to the direction of propagation.

2.4.1.9 Characteristics of Air

Along with Robert Boyle, Hooke did a number of experiments on the
properties of air discovering several of its physical characteristics,
including its role in combustion, respiration, and transmission of sound. Also
Hooke was the first to suggest that matter expands when heated and that air
is made of small particles separated by relatively large distances.

2.4.1.10 Model of Memory

In a 1682 lecture Hooke proposed a mechanistic model of human
memory. It resembled little to the philosophical models prevalent during the
time. Hooke’s model addressed the components of encoding, memory capacity,
repetition, retrieval, and forgetting - some with surprising modern accuracy.
Robert Hooke was also among the leading architects of his time. Along
with Christopher Wren, he designed the Monument to the Great Fire of
London. Other buildings in whose design he contributed include the Royal
Observatory, Greenwich; the Royal College of Physicians, Regent’s
Park; Montagu House, Bloomsbury; and Ragley Hall in Warwickshire.
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Check Your Progress-2
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. Define Law of Elasticity.

Q2. Who discovered the cell ?

Q3. What is Theory of Evolution?

2.5 GREGOR JOHANN MENDAL

Gregor Mendel’s Influences for his Pea-Plant Experiments

Gregor Johann Mendel was born on July 20th, 1822 in the Austrian
Empire, now the Czech Republic.He was an Augustinian friar of the Catholic
church and a scientist. He eventually became the abbot of St. Thomas’ Abbey,
after which his scientific work decreased due to increasing
administrative responsibilities. Mendel is known for pea-plant experiments
and subsequent theories on genetics. During a seven year period, Mendel
experimented with pea plants in the garden owned in his monastery. Mendel
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also worked with bees to determine genetic traits in animals. Mendel’s work
was not widely recognized until after his death in 1884.There were several
factors that influenced Mendel’s theories, such as society, his interest in
science, previous work by other scientists and religion.

2.5.1 Contibutions of Gregor Johann Mendel

2.5.1.1 Mendel’ S Pea Plant Experiment

Although Mendel’s pea plant experiments revolutionized the
discussion on genetics, a similar discussion on hybridization and breeding
had been taking place for nearly 100 years before Mendel. Mendel had been
taught about hybridization during his early school days and was influenced
by both past scientists and colleagues.

Mendel attended the University of Olomouc and was likely influenced
by Johann Karl Nestler, a scientist interested in hereditary traits and
agriculture, who taught there. Karl Nestler emphasized selective breeding in
sheep: he encouraged sheep breeders to be more exclusive when selecting
sheep to breed to include wool quality. Nestler tried to explain the importance
of careful breeding, by noting that nature is capable of producing species of
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animals and plants through forces man and that breeders control the
reproductive process, such as inbreeding out crossing.

After university, Mendel taught at Brunn Modern school. Another
teacher, Alexander Makowsky, specialized in botany and geology. He and
Mendel became close associates. Makowsky’s special area of interest was
the study of flowers, which may have inspired Mendel to look at plants in
order to determine hereditary likelihood.

K. Gaertner’s Experiments and Observations upon Hybridization in
the Plant Kingdom were found among Mendel’s possessions after his death.
The book was filled with Mendel’s notes. Gartner worked with plants in his
experiments, including peas, which may have inspired Mendel to work with
the same plant. Pea plants were a common and good choice for hybridization
experiments because they normally self-pollinate.

Historian Colleen Huckabee notes the way in which Mendel’s
experiments was not unusual: Scientists Knight, Gross and Seton had already
discovered dominant and recessive traits and the segregation into yellow and
green... seedlings of hybrid parents. Mendel undoubtedly worked off their
original experiments. However, he was successful because he focused on
each trait individually and with true breeding plants. He also used algebra to
articulate and prove patterns of inheritance.

Mendel also owned Darwin’s Origin of Species, which had been
translated in German by 1860. It seems likely that Mendel originally intended
his pea experiments to show that variability in offspring is caused by parental
influence; Darwin had suggested that variability occurs when there is an
environmental change. Mendel’s disagreement with Darwin’s theory might
have occurred because of his religious background.

These scientists and their work on hybridization of plants are important
because they set up groundwork on the relationship between plants and
offspring, and their works were found among Mendel’s possessions. Mendel
likely continued with pre-established plant experiments because they simply
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interested him: both his early schooling and his monastery encouraged
scientific thought and experimentation. Mendel was unaware of the
significance of his pea-plant experiments in the study and development of
modern hereditary theory.

2.5.1.2 Plant Hybridization Experiments

Gregor Mendel conducted hybridization experiments on around 29,000
pea plants. Peas were an ideal choice for Mendel to use because they had
easily observable traits there were 7 of which he could manipulate. He began
his experiments on peas with two conditions.

The conditions were 1) possess constant differentiating characteristics
and 2) hybrids of such plants, during flowering period, be protected from the
influence of all foreign pollen. The second condition was used to protect
from an accidental impregnation thus would cause misleading results. Mendel
planned to selectively cross pollinate the peas with one another to study the
traits passed on and the results from each pollination. He acquired about 34
varieties of peas and chose 22 different types to conduct his experiments
which varied in color and size.He took years of breeding constant family
lines to perfect the original constant traits. Mendel used seven pea plant traits
in his experiments which include flower color (purple or white), flower
position (axil or terminal), stem length (long or short), seed shape (round or
wrinkled), seed color (yellow or green), pod shape (inflated or constricted),
and pod color (yellow or green). The first generation of the hybrids produced
a 3:1 ratio where there were 3 plants showing dominant traits and 1 showing
recessive. The second generation produces a 2:1:1 ratio. This showed there
was one with the recessive trait, two with hybrid trait and one with dominant
trait.

When crossing a green pod plant and a yellow pod plant, the first
generation (F1) would produce only green plants (given green was the
dominant trait color. But then the second generation (F2) produced a quarter
yellow pea pods. These experiments allowed Mendel to conclude on two
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laws of Inheritance; the Law of Segregation and the Law of Independent
Assortment.

2.5.1.3 The Principle/Law of Segregation, Mendel’s “ First Law”

Mendel concluded on this law after finding when breeding white and
purple colored flowered plants it was not a mix of the two colors, but really
one color was chosen over the other. There are four different parts of the law
he included

1) There are other forms of genes that can determine the heritable traits,
alleles.

2) Each offspring receives one allele from each parent.

3) Either a sperm or egg holds only one allele for each trait and those

pair during fertilization.

4) If the alleles are different one is seen and the other is not as one trait
is dominant and the other is recessive.The law is a direct result from
watching the production of the F2 generation and the production of
the 2:1:1 ratio. The recessive traits only came when those were the
only two being bred with each other. His conclusions were easily

observed
ﬁ parent generation
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2.5.1.4 The Principle/Law of Independent Assortment, Mendel’s “Second
Law”

45



Mendel decided different pairs of alleles are passed on as individuals
and not based upon each other. Mendel saw various combinations, which
indicated all of the alleles are segregated from one another. When Mendel
began mixing two traits and conducting dihybrid crosses he found a 9:3:3:1
ratio. Unless the traits are linked he concluded various traits are inherited

independently and have no relation
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Between 1856 and 1863, Mendel experimented on thousands of pea
plants. During the seven years of conducting experiments on pea plants,
Mendel experimented with a variation of different breeding techniques by
using pea plants with different traits and recording the results of their
offspring.

As Mendel began his now-famous pea-plant experiments, earlier
scientists had already used hybridization to study plants and traits. These
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men were inspired by Linnaeus’s idea that “new species might be generated
by the hybridization of new ones.” As a Catholic priest who was not a believer
of Darwinism, Mendel took a renewed approach to hybridization. He wanted
to “establish the laws of hybridization, not the laws of heredity.”Because
other scientists, such as Linnaeus, were already establishing theories about
hybridization, Mendel’s experiments seemed little more than further evidence
for pre-established hybridization theories. Mendel himself wasn’t aware of
the potential impact of his work; he wrote little to suggest he fully understood
the implications of his findings and did little to promote his work, other than
have it published in a local paper.

2.5.1.5 Rediscovery of Mendel’s Work

The rediscovery of Mendel’s work occurred almost twenty years after
his death in the early twentieth century. What sparked this new found interest
in Gregor Mendel among the science community thirty fours after the
publication of his work? The year 1900 marked the beginning of the modern
period in the study of heredity. Before the twentieth century, Mendel received
heavy criticism on his work and was almost completely ignored when his
work was first published. The criticism he received was that “the clearly
distinct character states he studied in his peas are not typical of most species,
so his work would have seemed only an exception to the rule.”

2.5.1.6 Theory of Heredity

During this era, the growth of the eugenics movement focused public
attention on heredity as a source of degenerate characters in the human
population. Mendel did not anticipate that the results of his work would be
used as the basis for thinking about heredity. It is often believed that he may
not have been testing heredity after all which explains why no one understood
his new “theory of heredity” at the time because there was no such theory.
Rather, he was really trying to substantiate an alternative to Darwin’s theory
of evolution.

The new emphasis on biology in the early twentieth century was in
part a response to more general changes taking place in society. These
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changes would set the scene for the rediscovery of Mendel’s laws. The
scientists who initially rediscovered Mendel’s work in the 1900s was Hugo
Marie de Vries, Carl Correns and Erich von Tschermark. Von Tschermark
efforts in trying to understand Mendel’s work is now largely rejected because
he was still unclear himself about Mendel’s laws. De Vries and Correns had
been conducting hybridization experiments in 1900 and reported the laws of
transmission already noted by Mendel. After finding that mutated characters
did not necessarily follow Mendel’s laws, de Vries soon lost interest in
Mendelism. William Bateson was an English geneticist, had an interest in
Mendelism. Bateson was impressed with Mendel’s paper and produced the
first English translation and made the argument that it should be used as the
basis for a new science of heredity.

2.5.1.7 Genetics

In 1905, Bateson coined the term “genetics”, which he previewed at
an international congress, attempting to promote the new science at
Cambridge University. Meanwhile in the United States, this new science
known as genetics was becoming popular among agricultural interests and
was easily established in the US because the university system began to
expand at this time.

2.6 CHARLES DRAWIN

Charles Darwin was an English scientist who is famous for formulating
the theory of natural selection and for his phenomenal book On the Origin
ofSpecies, which laid the foundation for evolutionary studies and is considered
a landmark work in human history. Darwin also produced a large number of
works which affected a variety of fields.

2.6.1 Contributions of the Charles Darwin
2.6.1.1 Darwin and H.M.S. Beagles Five-Year Voyage around the Globe

Natural history is the research and study of organisms in their
environment and a person who studies it is known as a naturalist. The captain
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of HMS Beagle, Robert Fitzroy was looking for a naturalist as a companion
during its voyage to circumnavigate the earth and Charles Darwin accepted
the opportunity. During the voyage, which lasted from 27 December 1831 to 2
October 1836, Darwin spent most of his time (around 1200 days) on land
studying plants, animals, fossils and geological formations. He made several
important finds during the voyage including that of gigantic fossils of extinct
mammals, then known only from a very few specimens. Darwin’s
observations and work during the voyage established him as an eminent
geologist.

2.6.1.2 The Formation of Coral Reefs and Atolls

Darwin had read Charles Lyell’s Principles of Geology which
postulated the gradual rising and falling of the earth’s crust. During his H.M.S.
Beagle voyage, Darwin found sea shells forty feet above sea level which
convinced him of Lyell’s thesis. At the time the formation of coral reefs and
atolls was a scientific puzzle. Darwin theorized that the various types of
coral reefs and atolls could be explained by uplift and subsidence of vast
areas of the Earth’s crust under the oceans. His theory is now supported by
modern investigations. Darwin published his theory in his 1842 monograph
titled The Structure and Distribution of Coral Reefs. In 1853, Darwin was
awarded the Royal Society s Royal Medal for this monograph and for his eight
years of work on barnacles.

2.6.1.3 The Voyage of the Beagle

In the years following his return from the voyage, Charles Darwin
compiled a book in which he shared his experiences and observations during
the voyage. Now known as the Beagle, the book was published in 1839. It
was a lively and exciting account of Darwin’s travels as well as a detailed
scientific field journal. It brought Darwin considerable fame and respect and
remains in print to this day.

2.6.1.4 The Theory of Natural Selection in 1838

Exposed to life all over the globe during the voyage, Darwin
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noticed similarities among species with variations based on specific
locations. In September 1838, he read the Essay on the Principle of
Population by English economist Thomas Malthus in which he wrote that
population increases geometrically, whereas food production rises
arithmetically and how some members of society were able to survive difficult
living conditions. Darwin realized that population explosions would lead to
a struggle for resources and that the ensuing competition would eliminate
the unfit. He applied the idea to nature and called his modified Malthusian

’

mechanism “natural selection”, a process by which species select beneficial

traits in their struggle for existence.
2.6.1.5 The Theory of Natural Selection

Though he conceived the theory of natural selection in /838, Darwin
needed time for further research. Also his geological work kept him busy. In
1858, while Darwin was writing his theory, British naturalist A/fred Russel
Wallace sent him an essay that described the idea of natural selection too.
This led to the joint presentation of their scientific papers to the Linnean
Society of London on 1 Julyl858 under the title On the Tendency of Species
to form Varieties,; and on the Perpetuation of Varieties and Species by Natural
Means of Selection. This was the first announcement of the Darwin — Wallace
theory of evolution by natural selection, which became the foundation of
modern evolutionary studies.

2.6.1.6 Origin of Species

On 24 November 1859, Charles Darwin’s on the Origin of Species By
Means of Natural Selection was published. In it Darwin theorized how
populations evolve over the course of generations through natural selection
and presented evidence he had gathered during the years that indicated
diversity of life arose by common descent through a branching pattern of
evolution. Written in non-technical language, Origin of Species attracted
widespread attention andsparked scientific, philosophical and religious
debates. The book is considered Darwin’s greatest work and it deeply
influenced modern Western society and thought.
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2.6.1.7 The Foundation of Evolutionary Biology

At the time of Darwin, the widespread belief was that species either
existed from the beginning of the world or were created over the course of
history and they were believed to remain the same throughout. Also it was
believed that species were unchanging parts of a designed hierarchy; and
that humans were unique and unrelated to other animals. Darwin’s work had
the greatest impact in changing that belief and overcoming scientific rejection
of earlier concepts of transmutation of species. However it was not until the
1930s and 1940s that full significance of Darwin’s work was realized. His
theory of evolution has now become the unifying theory of the life sciences.

2.6.1.8 The Evolution of Plant

Charles Darwin carried out thorough and innovative investigations
into plants. The first in a series of books he wrote on the subject
was Fertilization of Orchids, which was published in 1862. It demonstrated
the power of natural selection by explaining how complex ecological
relationships resulted in the co-evolution of orchids and insects. Though it
was not a financial success, it established Darwin as a leading botanist. Other
books by Darwin in the evolution of plants include The Effects of Cross and
Self Fertilization in the Vegetable Kingdom. Published in 1876, it was the
first to provide overwhelming experimental support in favour of the idea that
inbreeding may have severe detrimental effects on progeny.

2.6.1.9 Concept of Sexual Selection

In 1871, Darwin’s book The Descent of Man, and Selection in Relation
to Sex was published. The book extended the theory of natural selection to
human evolution and suggested that humans and apes share a common
ancestor. It also introduced the concept of sexual selection to explain
conspicuous physical traits (such as pronounced coloration, increased size,
or striking adornments) in animals. In sexual selection members of one sex
compete to be chosen as a sexual partner of the other sex leading to them
developing certain characteristics like the peacock plumage. Though Darwin’s
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ideas on sexual selection were initially met with scepticism, they were

deemed relevant by biologists by mid-21st century.
2.6.1.10 Wrote Number of Books

Charles Darwin was a prolific writer. After Origin of Species and
Descent of Man, his most important work is The Expression of the Emotions
in Man and Animals, which was published in 1872. One of the first books to
be illustrated with photographs, it is considered Darwin’s main contribution
to psychology. In it Darwin traces animal origins of human characteristics to
establish a continuity of emotions and expressions between humans and
animals. The most important book by Darwin on botany is The Power of
Movement in Plants, which was considerably influential in modern study of
plant growth. In 1887, five years after his death, The Autobiography of Charles
Darwin was published.

Check Your Progress-3
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.
Q1. On which plant Mendel did his hybridization experiments? ()
Q2. Who coined the term genetics? ( )
Q3. Who has written the book Origin of species ? ( )

2.7 WILLIAM KIRBY
William Kirby is considered the Father of Entomology, the study of

insects. From 1815 to 1826, with William Spence, he authored a four-volume
encyclopedia of insects that is considered the foundational text on the subject.
He helped found the Entomological Society of London in 1833, and had his
own extensive collection of insects.Kirby freely spoke of the wisdom of the
Creator expressed in the morphology, physiology and variety in the insect
world. He wrote the seventh Bridgewater Treatise — one of a set of books
commissioned to show how the findings of science support the Christian
view of an all-wise Creator.
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2.7.1 Contributions of William Kirby

William Kirby derived joy from studying insects. After graduating
from Cambridge University in 1781, he took holy orders in 1782. His interest
in natural history was sparked in 1791 when he met English botanist Sir
James Edward Smith, with whom he corresponded to seek advice about
founding a natural history museum at Ipswich School in Suffolk. Throughout
Kirby’s life, he compiled an extensive insect collection.

2.7.1.1 Monographia Apum Angliae

His first major work—Monographia Apum Angliae, about the bees of
England—caught the attention of leading entomologists in Britain and abroad.
He received a Master’s degree with the intention of applying for a
professorship in botany at Cambridge, but was denied due to his political
views.

2.7.1.2 An Introduction to Entomology

Between 1815 and 1826, he and fellow British entomologist William
Spence coauthored the four-volume An Introduction to Entomology: or
Elements of the Natural History of Insects. Considered the foundational work
in the field of entomology, Kirby introduced it in this way: Having given you
this full account of the external parts of insects, and their most remarkable
variations.

2.7.1.3 Mankind and the Animal Kingdom

Mankind and the animal kingdom were two distinct creations that
shared no ancestors and were defined by wisdom. There is this difference
between intellect in man, and the rest of the animal creation. Their intellect
teaches them to follow the lead of their senses, and make such use of the
external world as their appetites or instincts incline them to,—and this is
their wisdom; while the intellect of man, being associated with an immortal
principle, and being in connation with a world above that which his sense
reveal to him, can, by aid derived from heaven, control those senses, and
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bring under his instinctive appetites, so as to render them obedient to the
governing power of his nature: and this is his wisdom.

2.8 LET US SUM UP

Science is creating wonders almost every day. What was once sheer

fantasy is now almost a reality by virtue of the recent achievements of men
of science. The terms “science” and “scientific” have come to have a special
meaning and to carry a special weight in modern society. The world today
dwells in the abode of scientific advancement in different sectors of medical
science, engineering and technology because of these scientists. The present
picture of the world that we see would not have transformed without the
contribution of these great personalities. Great philosophers and masterminds
that existed in the ancient Greek era to the present day scientists, we’ve seen
inexplicable abilities that helped us define our existence and human life. In
this lesson we discussed about the contribution of some eminent scientists
i.e. Aristotle, Robert Hooke, Gregor Johann Mendel, Charles Darwin and
William Kirby.

2.9 LESSON END EXERCISE

Q1. In classification of living beings, which species is at the highest

position in the hierarchy?
Q2. Define meterology.
Q3. Name the greek word from where the term politics is derived?
Q4. Name the building block of life.
Q5. Name the laws of inheritance.

Q6. On which organism William Kirby did his experimental work?
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2.11 ANSWERS TO CHECK YOUR PROGRESS
Check Your Progress-1

1. Aristotle

2. Aristotle

3. De Anima or On the Soul
Check Your Progress-2

1. The law of elasticity states that the stretching of a solid body is
proportional to the force applied to it.

2. Robert Hooke

3. Robert Hooke concluded that fossils had once been living creatures
whose cells had become mineralized. He also concluded that some
species that had once existed must have become extinct.

Check Your Progress-3
1. Pea Plant
2. Bateson

3. Charles Darwin

sk ok ok sk s ok ok sk skoskok
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LESSON NO. 3 UNIT -1
PROFESSIONAL QUALITIES AND PROFESSIONAL GROWTH OF

BIOLOGICAL SCIENCE TEACHER

STRUCTURE

3.1 Introduction

3.2  Objectives

3.3  Professional Qualities of Biological Science Teacher
3.4  Professional Growth of Biological Science Teacher
3.5 Provisions for Professional Developments of Teachers
3.6  Strategies of Professional Development of Teachers
3.7  Role of School in Teaching of Biological Science
3.8 LetUs Sum Up

3.9 Lesson End Exercise

3.10 Suggested Further Readings

3.11 Answers to Check Your Progress

3.1 INTRODUCTION

Good teachers are dynamic, patient, understanding and caring. They

enjoy the company of young people and have the ability to see things from

various points of view. They know how to explain concepts in several different

ways depending upon the needs of their students. Their sense of humor helps

them put troublesome situations into perspective. They are enthusiastic about
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teaching and they transmit their enthusiasm to their students, making even
the boring appear interesting. Biology teachers are knowledgeable about
science in general, and about the characteristics of animal and plant life, in
particular. They are lifelong learners who continue to keep current with the
latest news, discoveries, and research results. They have an insatiable curiosity
about life and a genuine interest in the natural world.

3.2 OBJECTIVES
A-fter going through this lesson, you shall be able to:

e describe professional qualities of a biology teacher,

e highlight the importance of professional growth and development of
a biological science teacher,

e explain the various development programmes for biological science
teacher and

e discuss the role of school in teaching of biological science.

3.3 PROFESSIONAL QUALITIES OF BIOLOGICAL
SCIENCE TEACHER

Teaching the science of life and living organisms, biology teachers

provide introductory to advanced training for future professionals such as
doctors and medical professionals. Not everyone is suited to teach this
challenging educational field. There are several qualities that you need to
become a biology teacher.

Subject Matter

Biology teacher should have a good knowledge of subject matter of
biology. Every biology teacher is required to have at least a bachelor’s degree
in biology and one professional degree.

Research Skills

Research skills are an important quality of a biology teacher. The
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teacher should be able not only to determine the data through laboratory
field study; he/she should be able to explain what the data means to the
students.

Pedagogy and Professionalism: Pedagogy, or teaching skills, is very
important in teaching biology. During lab activities such as dissection of
fetal pig or frog, some students may feel nausea in the lab settings but it’s the
quality of biology teacher even in that condition they must be able to
understand the topic. The biology teacher also has to maintain
professionalism. Sometimes the teacher have to teach controversial subject
matter such as human sexual biology and evolution, the teacher should also
practice restraint in separating fact from theory in controversial subjects,
allowing for educationally appropriate examination from multiple

perspectives.

Sincerity of purpose: A teacher should have love for his profession. He should
be seriouslyand sincerely committed to his duties and work. As such be must
be on the path of excellenceboth for his own personal achievements and that
of his pupils.

Studious and learned: A very desirable quality of a teacher is his taste for
reading. He should have the habit of keeping himself in touch with the latest
development especially belonging to biology science subject. He should be a
voracious reader of the knowledge available to him from multi-dimensional
sources.

A good communicator of ideas: A teacher should be clear in speech and
should be able to convey his ideas to his pupils with ease and effectiveness.
His black board and sketching should be quite neat, bold and effective.

Plain speaking: A teacher by nature should be truth loving and plain speaking.
He must have enough courage to say the right thing as right and wrong ones
as wrong. There should not be any ambiguity in his thoughts and saying.

Impartial behavior and attitude: A teacher should not have any biases and
prejudices of any kind towards any of his students. He should not distinguish
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and discriminate one people from the other and should try to drop all notions
of for antagonism by giving a solid proof of his impartial behavior and attitude
towards all of his students

Hard worker and responsible: The teacher should be his own example of
hard work and sincerity. He should inspire his students to acquire a taste for
learning, doing safe work as well as sharing responsibilities with all his
keenness and sincerity.

Affectionate behavior: The teacher should create an atmosphere of good
will, love and cooperation in the matter of dealing with his students. He should
not get irritated on minor faults and mistakes of his pupils but should try to
create an environment of mutual trust and affection congenial for proper
work and learning.

Patience: A teacher should not lose his patience and unnecessarily get
disturbed over minor mistakes and shortcomings of his pupils but must
demonstrate a lot of patience in dealing with them. On the other hand, the
pupils should not always live in constant fear of the teacher but must try to
receive proper guidance from their teacher

Leadership and love for discipline: The teacher must possess the traits of a
good leader in whom the students may have a genuine faith. He should be
able to inspire the students to seek knowledge with sincerity. A disciplined
and sincere teacher will be able to inculcate the values of sincerity, discipline
and obedience among students. This will channelize the energy of students
towards constructive activities.

Self-confidence: A biological science teacher must have confidence in his
abilities. This confidence must be demonstrated through his behavior in
general and his classroom teaching in particular.

Mastery of his subject: A biological science teacher should have profound
knowledge of his subject of study so that he may not cut a sorry figure before
his students. He should be able to keep his head high and be able to answer
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all the questions and problems put to him by his students up to their satisfaction
in all branches of his subject.

Knowledge of other subjects: A biological science should not only be an
expert in his subject but should also have a good working knowledge of the
other related subjects. For example, the physics teacher should have good
knowledge of Mathematics and Biology teacher should know much about
chemistry in order to do more justice with his teaching.

Scientific thinking and attitude: A good science teacher should imbibe
scientific thinking and attitude in his own actions and thoughts. To imbibe
such traits, a science teacher must attempt to provide science education in
such a way as to inculcate in the pupils a habit of testing the validity of
certain beliefs and facts by their own independent observations and
experimentation.

Efficiency in the preparation and use of teaching aids: The science teacher
should have sufficient skill and dexterity in improvising and constructing his
own aids in teaching of science according to the local needs and situations.
Needless to say that he should have full self- confidence in handling all types
of demonstration equipment and materials as well as in using all types of
audio visual aids for making the science teaching as effective as possible.

Taste of scientific activities: A good science teacher should have taste and
love for organizing and participating in scientific activities like establishment
of science museum and science club, organizing scientific excursions and
science fairs and engaging in the purposeful scientific hobbies. Such activities
constitute real education and help in the proper development of scientific
attitude among the students.

Knowledge of psychology related to science: The teacher should have
knowledge of the science of behavior of his students in order to handle them
effectively in the teaching- learning process. He should try to impart
knowledge and skills to them according to their mental abilities, capacities,
interests and attitudes, as well as emotional and social make up.
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Check Your Progress-1
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. A science teacher should have profound knowledge of his subject of

Q2. Good teachers are dynamic, patient, and

Q3. A science should not only be an expert in his subject but should also

have a good working knowledge of the

3.4 PROFESSIONAL GROWTH OF A BIOLOGICAL
SCIENCE TEACHER

What is professional growth of a teacher?

Teacher professional development is any type of continuing education
effort for educators. Through professional development teachers can improve
their skills and, in turn, boost student learning outcomes. Learning can take
place in formal or informal settings. Formal settings include conferences,
courses, seminars, retreats and workshops.

3.5 PROVISIONS FOR PROFESSIONAL
DEVELOPMENTS OF TEACHERS

Pre-Service Training: Training provided before entering the profession for

securing the basic skills of teaching, basic psychological theories, basic
qualification for teaching, skill of classroom management etc. e.g. B.Ed.

In-Service Training: Training provided after entering the profession for
updating knowledge and skills related to teaching methods, child psychology,
source of knowledge etc, on accordance of changes occurred in all these
departments .

Self Development: Teachers can update themselves by indulging in dynamic
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reading, browsing online, consulting experts in different fields, making trips,
conducting interviews with parents and teenagers, observing the routines of
their own children etc.

3.6 STRATEGIES FOR PROFESSIONAL DEVELOPMENT
OF TEACHERS

o Workshop

° Seminar

o Symposium

° Conference

° Refresher course

° Orientation course

° Panel discussion
Workshop

Workshops are conducted with a clear set of objectives or learner
outcomes. The outcome will often increase awareness about a topic or learning
a new skill. Workshop is organized with a group of ten to twenty persons
having shared problems in order to develop the psychomotor aspects of the
teachers regarding practices and innovations in the area of education. In
workshop the behaviors and techniques are replicated by teachers and teachers
can learn behaviors and strategies.

Objectives of workshop

e [t helps teachers to develop sense of ownership in the school reform
program where they begin to share responsibility for all students’
achievement.

e By attending sessions a teachers, will be able to help their staff
implement what they have learned in training sessions.
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It also helps to foresee some of the concerns that arise among staff
members.

Methods of conducting a workshop

Define the workshop objective

Plan carefully

Arrive early

Welcome everyone and begin introductions
Create opportunities for interaction

Allow regular breaks

Ask the participants to fill out an evaluation form at the end of the
session

Follow up with the participants after the workshop.

Advantages of workshop

e Users are usually very motivated

e This platform will provide insights and strategies for future

e Have flexibility over length and frequency of sessions

e A wealth of knowledge usually presented by speaker or many speaker

at one time in one place

Disadvantages of workshop

Users attending it may have broad range of skills
If the space is small, it creates problems
Availability of participants

False impression of completeness

Intimidation
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2. Seminar

Seminars are basically arranged to discuss current issues and problems
or to share ideas. A seminar is a small group’s discussion in a formal setting
with clear agenda. Seminars are an interactive method of group teaching
which usually enables. Audience interaction with the seminar tutor allows
for debate and discussion based on new ideas generated from listeners

It leads to more proactive, interesting session in which both the
audience and tutor have learning. Seminars can be of 2 types paid and free.
Seminars purpose can be to promote a brand or simply discuss a topic

Objectives of seminar
e Awareness of how to use values in improving your own professionalism
e [earning about personal and communication styles for team building
e Increase knowledge about emotional intelligence
e [t develops an appreciation for diversity
e It helps in exploring new ideas
Types of Seminar:
On the basis of levels and organization the seminars are of four types:
1. Mini Seminar
2. Main Seminar
3. National Seminar
4. International Seminar
Methods of conducting a seminar

Usually it is conducted in a small room, sometimes a classroom.
Seminar can have 5 to 30 or more participants depending on the topic. The
audiences to be invited for a seminar differ depending on the subject. If the
seminars is educational and information it is open to all that are interested

The method in which a seminar is conducted has a huge impact on the
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result. It can commence with a presentation comprised of discussion as whole

or it can comprise a presentation followed by separate, small groups which

discuss and workout solutions

Education /Academic Seminar

In a seminar teachers can discuss problems regarding admission, staff,

development, and evaluation, new idea of teaching or relevant innovations.

In a seminar a teacher may contribute a paper or an idea, constructively

criticize or review a conventional approach

Need of seminar

It plays a significant role in simulating the thought process

It induce people to exchange new information that would not have be
available otherwise

When a seminar is conducted at its best the purpose of the gatherings
fully met

Confidence and listening skills are developed

A teacher learns about time management

Advantages of Seminar

A sense of camaraderie where individuals can meet others with the
same interest/problems/concerns that they may have their chosen field

A sense of renewed hope and inspiration is developed. Being with
others that understand individuals problems or concerns

It improves knowledge of a specific subject

Disadvantages of Seminar

e Sometimes it can be costly because the teacher has to attend it at its

own cost. The printouts, slides for presenting can be costly

e The chances that the speaker may be sharing incorrect knowledge, or

not at all knowledgeable
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e [t is time consuming

e The chance that topics may not help you

e The chance that attendants will expect too much.

Symposium

Symposium is defined as a teaching technique that serves as an

excellent method for informing the audience, crystallizing their opinion and

preparing them for arriving at decision regarding a particular issue or a topic.

Symposium is a discussion method in which different view points on a single

aspect of a topic is discussed and it is a series of speeches on single aspect of

a topic.

Purposes of symposium

To identify and understand various aspects of a theme.

To develop the ability arrive a decision and provide judgement for a
problem.

To develop values and feelings regarding a problem.

To provide understanding to the students or listeners on a theme or
problem to specifically develop certain values and feelings.

To enable the listeners form policies regarding a theme or a
problem.

To investigate a problem from several points of view.
To boost students’ abilities to speak in the group.

To encourage the students to study independently

Characteristics

Symposium provides a broad understanding of a topic or problem.

The listener is provided with an opportunity to take decisions about a
problem.

This method is used in higher classes for specific theme or a problem.
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It develops feelings of cooperation and adjustment.

Symposium technique helps in achieving the objectives of synthesis
and evaluation.

It provides different views on the topic of the symposium.

Advantages

Symposium can be used to address a large group or class

This method can be frequently used to present broad topics for
discussion at conventions and organization of meetings.

In symposium, the principle of organization is high as the speeches
are prepared beforehand.

It gives a deeper insight into a topic.
It directs the students to continuous independent study.

This method can be used in political meetings.

Disadvantages

Symposium does not provide adequate opportunity for all the students
to participate actively.It has limited audience participation.

The speech is limited to 10 to 20 minutes.
Questions and Answer session is limited to 3 to 4 minutes.
It has possibility of overlapping of subjects.

The chairman has no control over the speakers as they have full
freedom to prepare the theme for discussion. They can present any
aspect of the theme or problem.

There is a possibility of repetition of content. The different aspects of
the theme are not prepared separately. It creates difficulty of
understanding for

The different aspects of the theme are not presented simultaneously.
Therefore the listeners are not able to understand the theme correctly.
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* The listeners remain passive in the symposium because they are not
given an opportunity to seek clarification and question in between the
symposium.

Conference

It 1s a meeting of large group, organized to discuss current problems
and its specifics to provide a workable solution. The conference technique
has acquired important place in different areas to discuss and solve the
problem: Social, Political, Health, and Religious, educational. In the area of
higher teaching-learning, the conference is one of the most important
techniques. The higher cognitive and effective objectives of education are
achieved by employing the conference technique.

Objectives: The objectives of conference are usually broad to develop
cognitive and affective aspects.

Cognitive Objectives-

The conference technique has the focus to achieve the following
cognitive objectives:

e To develop analysis, synthesis and evaluation or creative abilities of
the participants

e To develop reasoning and critical abilities.

e To develop the abilities to study in depth of facts, concepts and
problems, Objectives of Conference

Affective Objective:

e To develop the tendency to study a fact or concept in broader
perspective

e To develop the tendency to emotional balance.
e To respect and tolerate anti-ideas and criticism by others

e To develop the feelings of cooperation and freedom of thoughts. By
participating the conference, behavioral skills and good cultural
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manners start developed among the participants. They are trained to
present and defend ideas. They learn how to put questions and how to
answer the questions and how the clarification is sought.

Democratic values are developed among the participants. It develops
the habit of independent study and to think independently on a theme.

Ability of problem- solving is developed among the participants.
Capacity of tolerance of anti-ideas of others is also developed.

Ability of expressing ideas and feelings is developed by attending a
conference.

Good manners for asking questions, seeking clarification, presenting
own point of view and defending others ideas are developed.

Limitations:

It is hard to predict attendance. Advance arrangements must be made
for conference facilities and housing accommodation.

Generally the nature of topic is broad; hence discussion is confined to
specific issues.

Group discussion is generally dominated by the good speakers or those
who talk too much and do not give opportunities to take part in the
discussions.

Refresher course

This is an inter-disciplinary Refresher Course focusing on teacher and

teaching in higher education. This course explores the theoretical background

of teaching and practical knowledge for teachers in higher education.

Objectives of refresher courses

This course designs various activities for teachers and they have
opportunity to apply in their workplace.

During this course, teacher acquires various teaching skills, methods
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and models in higher education institutes. Therefore, the prospect of

higher education is increasing continuously.

e This course helps learners to understand the objectives and
development of higher education. It is trying to focus on various
policies and commissions of higher education along with all concern
bodies and councils.

e This course helps learner to realize the role of teacher in making digital
India.

e This course is initially design for the professional development of
teachers working in the higher education institutions/ colleges/
university departments.

Orientation Course

The Orientation Course is organized for middle/secondary/ senior secondary
school in-service teachers and teacher educators from all parts of the country,
throughout the year. It consists of a variety of programmes such as lectures,
lecture-demonstrations, practical classes in handicrafts, theatrical skill, songs
in different languages and educational tours to places of natural and cultural
interest. The Training Programme introduces the participants to the rich fabric
of our artistic and cultural heritage. It is designed to give the teachers/ teacher
educators an idea of the variety of creative expressions in India and how the
school children can be exposed to the beauty in nature and art.

Aims of the Orientation Course

e C(Creating an awareness of the fundamental principles underlying the
development of Indian culture in order to foster a spirit of national
integration.

e Providing an opportunity to formulate methodologies in which aspects
of Indian culture and creative activities constitute an integral part of
the process of learning and teaching.
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Providing teachers an occasion to interact with scholars and artists in
order to devise ways of making education a total experience.

Providing skills and training in creative activities in order to improve
class-room teaching techniques.

Providing an opportunity to teachers/ teacher educators, teaching
different disciplines from all parts of the country to work together.

Panel Discussion

A Panel discussion is a method of teaching in which four to eight

persons or students discuss the assigned topic/ problem/ issues creatively

among themselves in front of an audience. The technique was first used by
Harry. A. Ober Street in 1929.

Purpose

Types

To provide information and new facts.

To identify the values.

To analyse the current problem from different angle.
To organize for mental recreation.

To influence the audience to an open minded attitude and respect for
other’s opinion.

When handled intelligently and creatively, panel discussion stimulates
thoughts and discussion and clarifies thinking.

1. Public Panel Discussion 2. Educational Panel Discussion.
Public Panel Discussion
Public Panel Discussion is organized for the common man’s problems.

The public panel discussion is organized through television
programmes.

The objectives achieved by public panel discussion are:

1. To provide factual information regarding current problems.



2. To determine social values.
3. To recreate the common man.
Educational Panel Discussion

Is used in educational institutions to provide factual and conceptual
knowledge and clarification of theories and principles.

The objectives achieved through educational panel discussions are as
follows:

1. To provide factual and conceptual knowledge.
2. To raise awareness of theories and principles.

3. To provide solutions for certain problems.

Organizing a panel discussion

Select a chairperson / moderator, the panelists and the audience.

The panel discussion consists of 4-8 panelists along with the
chairperson or moderate seated in a semicircle facing the audience.

The chairperson or the moderator should be selected with care because
the success of the panel discussion depends on the leadership of the
moderator.

The moderator must keep the discussion to the subject and ensure that
all members of the panel get an equal opportunity to express their
Views.

The chairperson should be a neutral referee and begin the panel
discussion by exploring the whole proceedings.

The members of the panel are first introduced by name and background
of experience. The topic is announced and the limit of discussion is
stated.

The moderator may start the procedure rolling by making a comment
or by directing a question to a particular person.
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The panel discussion should provide a natural setting in which the
audience will have the opportunity to ask questions, evaluate replies
and make constructive contributions.

The moderator co ordinates the discussion and makes sure the
discussion is carried on in a conversational way.

The moderator clarifies an issue or misconception and may also
introduce another thought so that the subject is fully covered. Then
the moderator summarizes the main points presented by the speakers
and invites the audience to contribute and ask questions.

Finally the moderator sums up the discussion.

Advantages

Different points of views are expressed by the speakers.

The quick exchange of facts, ideas and opinions help students to
sharpen their critical thinking and better judgment.

Students learn to discuss topics of in conversational forms in s small
group in front of large group.

Disadvantages

Panel discussion requires more time for planning, organizing and
presentation.

The discussion may be vague and superficial if the panel members
lack mastery.

At the last, we can say that Professional development programs for

science teachers examine impacts on teachers’ knowledge, beliefs, and

instructional practice. Professional development in science can lead to

sustainable changes in teachers’ knowledge and beliefs and their instruction.

There is suggestive evidence that professional development programs in

science that incorporate many of the features of the consensus model (science

content focus, active learning, coherence, sufficient duration, and collective
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participation) can lead to changes in teachers’ knowledge and beliefs and
instructional practice.

3.7 ROLE OF SCHOOL IN TEACHING OF BIOLOGICAL
SCIENCE

Science has been given due place in our school education program by

being made as a compulsory subject. Not only is that more and more emphasis
now being paid over the scientific and technical education. By doing so in
fact a right step has been taken to push our country forward and to enable us
to compete with other progressive nations. It has necessitated to lay due
emphasis on the teaching of science right from the primary stage. Realizing
such need Kothari Commission has very rightly remarked in their
recommendations as follows: “Science and Mathematics should be taught
on a compulsory basis to all pupils as a part of general education during the
first ten years of schooling”

Modern age is science age. We see a network of scientific gadgets
based on latest scientific inventions all around us. Science has revolutionized
our way of living. Now our lives depend on scientifically invented gadgets
so much that we cannot do without them. It is now imperative for everyone
not only to understand science but to master it from all angles. According to
Herbart Spencer, “The knowledge gained through science is much more useful
in guiding our life style than gained through other sources”.

Teaching science inevitably involves value messages for instance in
the management of the curriculum (e.g. science can be presented as physics,
chemistry and biology or as rural science, or domestic science or as
environmental science each of these involving different value judgments)
and the particular selection of knowledge which is included in the curriculum
(e.g. breathing and circulation are conventionally taught in a biology program
in such a way as to emphasize anatomy and physiology related to the
preparatory needs of future medical students. In many parts of the world
today there is a concern about the role of science education that may play in
establishing a sense of personal and social identity for a student.
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Role of school

School provides necessary men and material facilities for the organisation

of proper curricular and co-curricular activities for the desired realisation of

the objectives of Bio-Science teaching in the manner given below :

Arranging suitable properly qualified teachers for teaching Bio-
Science.

Arranging proper qualified staff and other persons helpful in the
organisation of the practical, laboratory and other curricular work
related with sciene teaching.

Making due provision for the professional growth of the techers and
other assiting staff.

Making provision for the appropriate well equipped clean rooms.
Science laboratorires, science library, science museum, science garden,
etc.

Schools can provide due attention, and care for the organisation of
curricular activities as to yield output for the realization of objectives
of science teaching. The classes must be held regularly and the teachers
and students must pay due attention for their respective role of the
teaching and learning of the subject general science.

Schools can provide due attention and care for the organisatino of co-
curricular activities related to Bio-Science teaching especially in the
manner given below :

Organisation and running of a General Science Club.
Improvisation of apparatuses and low cost teaching aids.

Organisation of sicence museum, science garden and science library
by seeking active involvement of the students.

Organisation of science projects.
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Organisation of science fairs, science excursions and science
exhibitions etc.

Organisation of the activities like debate, declamation,
symposium,quizzes, lecturers, of scienctified interest.

Schools may provide valuable services in their capacity managing the
affairs related to the above mentioned curricular and co-curricular
activities. Better the mangement the better will be the output in form
of the realization of objectives of general science teaching.

The discipline and tone set by a school in terms of its overall working
plays a significant part in the better realization of objectives of science
teaching. A proper stimulating environment encourages the teacher
and students for playing their roles as effectively as possible without
much hurdles in their path.

Last but not the least is the evaluation and supervisory role played by
the schools for the beter organisation and functioning of the teaching-
learning system. A school which has a system for a regular supervision
and look after for the various types of activities going inside the schol,
can exercise betteer control over the input, process and output
components of its teaching-learning system. Similar is the case with
the evaluation tools employed by the shool for evaluation of the output
of their teachers and students. A school with a proper system of
continuous and proper evaluation may help much in the proper
realization of the objectives of science teaching.
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Check Your Progress - 2
Note : i) Answer the question given below :
11) Compure the answer with those given at the end of the lesson

1. panel discussion is used in educational institutions

to provide factual and conceptual knowledge.
a) Public b) Educational
c) Bothaand b d) None of the above

2. Onthe basis of levels and organisation the seminars are at

types.
a) 8 b) 4 c)2 d) 6
3. provide a broad understanding at a topic or poblem.
a) Symposium b) Seminar
¢) Workshop d) Conference
4.  Science and mathematics should be part of general education during
the years of schooling.
a) First 10 b) First 5
c) First 3 d) None of the above.

3.8 LET US SUM UP

Teaching the science of life and living organisms, biology teachers

provide introductory to advanced training for future professionals such as
doctors and medical professionals. Research skills are an important quality
of a biology teacher. Besides, a biology teacher needs to maintain
professionism, be a good communicator, impartial in behaviour, hard worker,
self confident and should be efficient in preparation and use of teaching aids.
Professional growth of biological science teachers is very important for the
updation of knowledge and skills. Workshop, seminar, symposium, conference
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and refresher course are some of the stratgies for their professional

development.

3.9 LESSON END EXCERCISE

1. Write some professional qualities of a biological science teacher.

2. Give name of any 5 professional development programs for biology

science teacher.
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Ameeta, P. (2009). Methods of Teaching Biological Science. New Delhi:
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Applegate, M.(2017). What are the qualities needed to become a Biology
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Principles, methods and techniques of teaching. New Delhi; Vikas
Publishing House Pvt. Ltd.
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3.11 ANSWERS TO CHECK YOUR PROGRESS
Check your progress - 1
1. Study

2. Understanding and caring

3. Other related subjects

Check Your progress - 2

1. b 2. b 3.a d.a

s sk sk sk s sk s s s sk skoskeoske sk sk sk
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LESSON NO 4 UNIT-1I
AUDIO-VISUAL AIDS FOR TEACHING OF BIOLOGICAL
SCIENCE

STRUCTURE
4.1  Introduction
4.2  Objectives
4.3  Meaning
4.3.1 Definitions of audio-visual aids
4.4  Importance of audio-visual aids
4.5  Types of audio-visual
4.5.1 Audio aids
4.5.2 Visual aids
4.5.3 Audio-visual aids
4.6  Uses of audio-visual aids
4.7  Let Us Sum Up
4.8  Lesson End Exercise
4.9 Suggested Further Readings
4.10 Answers to Check Your Progress

4.1 INTRODUCTION

Teaching in this modern period has increasingly become more complex

and technical to be effectively actualized with traditional tool alone. The
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development in modern technology has made available a wide range of
instructional material to supplement teacher’s efforts in teaching —learning
process. Effective teaching and pedagogical delivery depends majorly on
cordial relationship and free flow of communication between teachers and
students. Since students in schools are from varied cultural and socio-cultural
background and training, teachers, thus, need instructional materials or audio-
visual aids to help them communicate and mix effectively and hence cope
with students’ needs based on their abilities and potentialities. In this lesson,
we shall briefly discuss the audio-visual aids, which can be used for teaching
in classroom by a teacher.

4.2 OBJECTIVES
After going through this lesson, you shall be able to:

e explain the meaning of the term “audio-visual aids™,

e describe the importance of audio-visual aids in teaching of biological

science,

e cnlist the different kinds of audio-visual aids for teaching of biological
science, and

e appreciate the usefulness of audio-visual aids in teaching of biological

science.

4.3 MEANING

We learn through our sense organs. Senses are the gateways of

knowledge. All the sense organs help us in understanding the environment.
Audio-visual aids are also called ‘instrumental material’. Audio literally
means “hearing” and “visual” means that which is found by seeing. So, all
such aids, which endeavor to make the knowledge clear through using our
senses are called “audio-visual aids” or “instrumental material”. All these
learning materials make the learning situation as real as possible and give us
firsthand knowledge through the organs of hearing and seeing. Therefore,
any device, which can be used to make the learning experience more concrete
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and effective, more realistic and dynamic, can be considered as audio-visual
aids.

Audio-visual aids refer to the materials and facilities that can be used
to ease, encourage, improve and promote teaching and learning activities.
They are materials used in the process of instruction. They are a broad range
of resources, which can be used to facilitate effective instruction. They
indicate a systematic way of designing, carrying out and employing the total
progress of learning and communication.

4.3.1 Definitions of audio-visual aids

According to Edger Dale- “Audio-visual aids are those devices by the
use of which communication of ideas between persons and groups in various
teaching and training situation is helped. These are also termed as multi-
sensory materials.”

According to Kinder, S. James- “Audio-visual aids are any device
which can be used to make the learning experience more concrete, more
realistic and more dynamic.”

According to Burton- “Audio- visual aids are those sensory objects or
images which initiate or stimulate and reinforce learning”.

According to V.Good-“It is a trainable (motivation, classification and
stimulation) process to learning.”

According to Mckown & Roberts- “Audio-visual aids are
supplementary devices by which the teacher, through the utilization of more
than one sensory channel is able to clarify, establish and correlate concepts,
interpretations and appreciations.
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Check Your Progress-1
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.

(1) According to Burton- “audio- visual aids are sensory objectives
and images which ....... and ......... on learning process.
(i1) Audio- visual aids are also known as..................

(ii1)  Any device which can be used to make the learning experience
more concrete and effective, more realistic and dynamic can be
considered .......

(iv) Accordingto ................ -“it is a trainable process to learning.”

4.4 IMPORTANCE OF AUDIO-VISUAL AIDS

Use of senses- Senses are known as the gateway of knowledge. With

the sense organs, human experience the world. Audio-visual aids call for the
utilization of as many senses as possible and, thereby, facilitate the acquisition
of maximum learning on the part of the learner.

Save time and energy-With the use of audio-visual aids, much of the
time and energy of students and teachers may be saved.Most of the abstract
concepts and phenomena may be easily clarified, understood and assimilated
through their use.

Clarity of subject matter-Use of audio-visual aids in the classroom
brings clarity to the various difficult and abstract concepts and phenomena
related to various subjects.

Based on maxims of teaching-The use of teaching-learning materials
provides assistance to the teacher for following maxims of teaching like
“simple to complex” “learning by experience” “known to unknown” etc.

A good motivational force- Learners learn when they are motivated
and curious about something. Traditional verbal instructions can be boring
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and painful for students by peaking their curiosity and stimulating their
interests in the subjects.

Helpful in maintaining the discipline- The use of audio-visual aids
helps in maintaining discipline in the class since all the students’ attention
are focused in learning. This interactive session also develops critical thinking
and reasoning that are important components of the teaching learning process.

Helpful in the process of attention-Attention is a key factor in any
process of teaching-learning. Audio-visual aids help the teacher in creating
proper situation and environment for capturing as well as maintaining the
interest and attention of the learners in the classroom.

Development of scientific attitude-With the help of audio-visual aids,
teacher can cultivate scientific attitude among students.

Meet the individual differences requirements-There are wide
individual differences among learners. The use of various types of audio-
visual aids helps in meeting the requirements of different types of pupils.

Reduce verbalism—According to Raymond Wyman “verbalism, both
printed and spoken, does not prove much effective in the process of teaching
and learning

Direct experience-Audio-visual aids provide valuable substitute for
real objects or phenomena for making the learning as realistic and meaningful
as possible.

Check Your Progress- 2
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.
(1) Audio- visual aids provide us............... experience.
(11) With the help of audio-visual aids, we can save........... and............

(ii1)) Senses are knownasthe ...........................

(iv) Accordingto .................... “verbalism, both printed and spoken,
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does not prove much effective in the process of teaching and learning.

(V) e is a key factor in any process of teaching-learning.

4.5 TYPES OF AUDIO-VISUAL AIDS
There are three types of audio-visual aids:-

4.5.1 Audio aids-

‘Audio’ means ‘what we hear’. Hearing plays an important role in
receiving and sending a message effectively. The most basic form of
communication is oral and face-to —face interaction. Audio aids are the
instructional devices through which the massage can only be heard.e.g.-Radio,
Tape- recorder, Gramophone and Language Laboratory etc.

Tape-recorder-

It is an effective device that uses auditory senses to convey the
educational message to the students. Tape recorder is used to hear the ideas
of great men, speeches of leaders and lectures etc. while on the other side,
students and the teachers can also hear their recorded voice.lIt is a portable
electronic gadget to record, reproduce, and erase sound on a magnetic tape.
This device can be used without much fuss by anybody by operating the
press buttons attached to the recorder.

Radio-Radio as a teaching aid can play a major role in imparting
instructions to students. Some of the radio broadcasts are styled as educational
broadcasts. These broadcasts are made during specific school hours, mainly
for the benefit of the educational institutions. The broadcasts are on curricular
subjects to help the teacher to supplement his classroom instructions.

Lingua phone
It is a kind of gramophone. It is specially designed for helping the
children in learning pronunciation of the language. It can also reproduce the

speech of the teacher instantly. Many lingua phones have recording device
fitted in them.
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Gramophone

The gramophone is useful for the teaching of music and language.
The teacher should be careful at the time of using gramophone. He must

introduce the learners regarding the content contains in school. Learners arg
to listen it carefully and note down the intricacies of music or language therg
in. Teacher should clarify the doubts and difficulties of the students afterward

Check Your Progress-3
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1) Tape recorder is a portable electronic gadgetto ................... and
record sound on a magnetic tape.

(11) Two examples of audio aids are....................

(111) Linguaphone is specially designed for helping the children in learning

(IV) e are the instructional devices through which the massage
can only be heard.

4.5.2 Visual aids-

‘Visual’ means ‘what we see’. Eyes are the most important sensory
organs that help in learning. Visual aids help one to communicate more
effectively. Visual aids are the instructional devices which help to visualize
the message. e.g.-blackboard, bulletin board.

Charts- Charts are widely used visual aids to present concepts and ideas that
are complicated and that cannot be comprehended easily by just mere words,
no matter written or oral. Charts are mixture of different types of graphics.
Ateacher usually restricts one idea per chart making concept clear without
ambiguity.

Diagram- It is a simple and explanatory drawing showing inter-relation and
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explaining ideas and concepts by using lines, symbols and geometrical forms.
Diagrams go beyond mere representation as they are self-explanatory.

Graphs-Graphs are used to represent complex information and numerical
data in a more simple, quick and effective way. Rate of understanding and
interpreting the graph is high as compared to other aids.

Maps and globes-Maps and globes help the learners to develop better
understanding about the different continents and countries along with oceans
and poles and the people living there. Globe is a mini- earth nothing more
nothing less. Along with globes, maps can be introduced to make students
well understand as map is a flat representation or diagram of some parts of
the earth.

Poster-Poster is a pictorial representation of an idea or concept in striking
bold colors to attract the viewer. Posters are usually displayed out in open
for the purpose of awareness in general public. Posters not only serve as
means to decor the class rather they stimulate interest in students to learn
about different things.

Models- 3D and recognizable miniature representation of real thing is model.
Using models in teaching is very effective as they are shortcuts to understand
a complicated concept. Models may be complicated in detail but they are
simple than the original objects.

Specimen-Specimen can be a part, sample or small piece of the real object.
Even a tiny piece of real object stimulates interest in learners to learn more
and more.

Books and newspapers-It can furnish health messages in local language,
which can reach to the public easily. The information will be available in
low cost, easy to read and understand simple language.

Filmstrip-These are connected series of picture, drawing, photographs and
diagrams joined to illustrate a single concept, story or a lesson.A filmstrip
differs from moving films as there is no appearance of movement.
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Photographs and pictures-A picture or photograph gives an accurate concept
or idea of any object. Good photograph can effectively communicate the
whole story without using a single word. Pictures and photographs can be
coloured as well as black and white.

Black/white board-The most simplest, convenient and cheapest way to
display information to a number of students is to use chalk- board. It is
considered as one of the oldest visual aids in teaching. The surface of the
board facilitates the teacher to display the content visually and at the pace
that suits students’ learning.

Bulletin board-Bulletin boards are commonly used to display news, circulars,
results, and admission announcements, bulletins and other varied items that
catch student’s interest. The board might be covered with soft insulation that
allows pinning of photographs, charts etc.

Flannel board-Flat panel of heavy cardboard, or plywood is utilized and
flannel cloth is stretched and glued over the surface to make a flannel board.
Graphic materials can be placed on flannel board by using sand papers pasted
on their backs and they are called as flannel graph.

Flash card-Flashcards, as potential medium of visual education, usually
involve photographs and pictures to communicate a new idea or a word.They
are widely used in primary classes. Flashcards are usually used in a large
number and flashed to the students one by one while teacher verbally explains
the content in them.

Transparencies-A transparency is a piece of transparent surface like glass,
translucent paper, cellulose acetate film etc. with drawing picture, which
can be mounted individually on an overhead projector.

Slide projector-Slides are commonly used instructional device to complement
verbalism. They involve projection through the passing of strong light on
transparent slide. Slide projector is a lighthouse with a hauler for holding a
slide. Slides require little more space for storage than filmstrips.
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Check Your Progress- 4
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1) Transparency is a piece of ........... like glass, translucent paper,
cellulose acetate film etc. with ................

(1) e are commonly used instructional device to complement
verbalism

(ii1)) A visual is what we can ...............

(617 I usually involve photographs and pictures to communicate

a new idea or a word.

(v) Specimen can be a part, sample or small piece of the ...............

4.5.3 Audio-visual aids-

Audio-visual aids means the things, which we hear as well as see.
These devices are added devices that help the teacher to clarify, establish,
correlate and coordinate accurate concepts, interpretations and appreciation
and enable the learners to make use of their audio and visual senses (both
hearing and seeing). e.g.-television, projector.

OHP-An overhead projector (OHP), like a film or slide projector, uses light

to project an enlarged image on a screen. In the overhead projector, the source
of the image is a page-sized sheet of transparent plastic film (also known as
‘foils”) with the image to be projected either printed or hand-written/drawn.
These are placed on the glass surface of the projector, which has a light source
below it and a projecting mirror and lens assembly above it. Students can
take notes in the normal mode as they do when working without overhead
projector and the teacher is completely facing the students whereas the
projected image or text is behind and over his head.

Film projector- A movie or film projector is an opto-mechanical device for
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displaying motion picture film by projecting it onto a screen. Most of the
optical and mechanical elements, except for the illumination and sound device
are present in movie cameras.

Computer-A computer is an electronic device that manipulates information
or data. It has the ability to store, retrieve and process data. The internet runs
on computers and it connects hundreds of millions of other computers and
their users.

Television-The television is often used as a substitute for the classroom. Being
a visual as well as an aural medium it has a greater impact on the student and
can claim their whole attention. Other aural and visual aids can be employed
by the teacher on television and thus the effectiveness of many other aids
can be combined in one medium.

Video-Teaching with the help of video is called video-aided instruction. In
video-aided instruction, learners’ reactions are generally ascertained through
a questionnaire. Educational video cassettes are available with video libraries
in the market.

Check Your Progress-5
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.
(1) Audio-visual aids means the things which................................

(1) e is used to present large size transparencies with
normal daylight conditions

(G311 has the ability to store, retrieve and process data.

(iv) A movie or film projectorisan............ device for displaying motion
picture film.
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4.6 USES OF AUDIO-VISUAL AIDS

Making learning permanent-Audio-visual resources can play a major role

of making learning permanent.

Serve as a source of information-Audio visual aids are very useful teaching
and instructional as well as promotional materials. They provide experience
not easily secured in other ways and hence contribute to the depth and variety
of learning.

Stimulating interest-During the process of learning, the teacher has to provide
the learning situation to satisfy the natural reaction of the learner and this is
through the use of instructional materials. The attention of the learner is caught
and his interest is also won and he is ready to learn.

Encouraging participation-Audio-visual aids are rich opportunities for
students to develop communication skills while actively engaged in solving
meaningful problems.

Extending experience-Audio-visual aids help the teacher to overcome
physical difficulties while presenting content. The culture and climatic
conditions of other countries can be brought into the classroom with the aid
of slides, films, filmstrips and projectors.

Attention of the learner-Teacher who uses devices can usually maintain the
full attention of the class. This is generally true in the lower classes.

Stimulate the imagination of the learner-Device stimulates the imagination
of the pupils. Mental imagery can be used as a vehicle of thoughts and as a
means of clarifying ideas.

Develop the ability to listen- The ability to listen can be developed best
through the use of audio-visual materials. Training in the art of listening is
one of the aims of audio-visual education.

Provide incentive for action-The use of device arouses emotion and incites
the individual to action. Teacher must select the right kind of device to excite
the pupil to worthwhile intellectual activity.
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Check Your Progress- 6
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1) Audio-visual resources can play a major role of making ............

(11) Device stimulates the .................... of the pupils.

(1i1) The use of device arouses ............ and............ the individual to
action.

(iv) Audio-visual aids help the teacher to overcome ............... while

presenting content.

(v) Training inthe ............... is one of the aims of audio-

4.7 LET US SUM UP

Audio-visual aids are anything by means of which learning process

may be encouraged or carried on through the sense of hearing or sense of
sight. The success of these aids depends mostly on the appropriate use to
which they are put. In this lesson, you have learnt about the meaning of the
audio-visual aids. The lesson has explained different types of audio-visual
aids a teacher can use in his classroom. Audio-visual aids are classified into
visual aids, audio aids and audio-visual aids. Audio aids involve the use of
sense of hearing. The audio aids are the aids that we can listen only. Visual
aids involve the use of sense of sight and can be seen only. Audio-visual aids
involve the use of sense of hearing and sight, it means the things which we
hear as well as see.The audio-visual aids make the teaching- learning process
very effective and easy.

In this lesson, we have also known about different teaching aids like
radio, OHP etc. at the end we have learnt about the importance of audio-
visual aids.
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4.8 LESSON END EXERCISE

1. What are audio-visual aids?

2. What is the importance of audio- visual aids?
3. List the various visual aids that we can use in the classroom situation.
4

. Explain any two audio-visual aids.

4.9 SUGGESTED FURTHER READINGS

Bhatnagar, A.B. & Bhatnagar, A.(2008). Teaching of biological science.
Meerut: R.Lal book depot.

Kulsherestha,S.P. (2005). Teaching of biology. Meerut: Surya Publication

Pachauri, G.(2012). Essentials of educational technology and management.
Meerut: R.Lal book depot

Verma,G.S. Essentials of educational technology. Meerut: R.Lal book
depot

Sabarishedn.blogspot.com.
www.egyankosh.ac.in
https://ijrar.com
https://prezi.com

www.nzdl.org

4.10 ANSWERS TO CHECK YOUR PROGRESS

Answers to Check Your Progress- 1

(1) Stimulate, emphasis
(11)  Instructional material
(ii1))  Audio-visual aids

(iv)  V.Good
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Answers to Check Your Progress- 2

(1) Direct (i1) Time and energy

(111) Gateway of knowledge (iv) Raymond Wyman

(v)  Attention

Answers to Check Your Progress- 3

(1) Record, reproduce, erase (11) Tape-recorder, Radio

(ii1))  Pronunciation of the language (iv) Audio aids

Answers Check Your Progress-4

(1) Transparent surface, Drawing picture

(i1))  Slides

(111)  Seen

(iv)  Usually involve photographs and picture to communicate a new idea
or a word

v) Specimen can be a part, sample or small piece of the real object

Answers to Check Your Progress- 5

(1) We hear as well as see (i1)) OHP

(ii1) Computer (iv) Opto-mechanical

Answers to Check Your Progress- 6

(1) Learning permanent (11) Imagination

(ii1)  Emotion and incites (iv) Physical difficulties

(v)  Artof listening

3k 3k 3k 3k 3k %k %k %k %k %k k 3k
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LESSON NO. 5 UNIT-1I
ROLE AND ORGANISATION OF FIELD TRIPS, SCIENCE
CLUBS ETC. IN TEACHING OF BIOLOGICAL SCIENCE

STRUCTURE
5.1 Introduction
5.2 Objectives
5.3 Field trip
5.3.1 Organization of a field trip
5.3.2 Role of the field trip in teaching of biological science
5.3.3 Merits and Limitations of field trip
5.4 Science Club
5.4.1 Organization of a Science Club
5.4.2 Types of Science Club
5.4.3 Role of the Science Club in teaching of biological science
5.4.4 Merits and Limitations of Science Club
5.5 Science museum
5.5.1 Organization of a Science museum
5.5.2 Role of the Science museum in teaching of biological science
5.5.3 Merits of Science museum
5.6 Science fair
5.6.1 Step for coordination and conduction

5.6.2 Role of the Science fair in teaching of biological science
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5.6.3 Merits and Limitations of Science fair

5.7  Science laboratory
5.7.1 Location and types of science laboratories
5.7.2 Planning of science lab
5.7.3 Role of science lab in teaching of biological science
5.7.4 Merits and Limitations of science laboratory
5.8  Preparation of low cost teaching aids in biological science
5.8.1 Developing low cost teaching aids
5.8.2 Effective design of low cost teaching aids
5.8.3 Merits of low cost teaching aids
5.9 Letus sum up
5.10 Lesson end exercise
5.11 Suggested further readings
5.12 Answers to check your progress
5.1 INTRODUCTION

Opportunities to learn science occurs throughout the day and year, in a wide
variety of setting and through a range of experiences. Informal learning
environment can spark students’ interest in science and provide opportunities
to broaden and deepen students’ engagement.The learners have to understand
the things in the world and the relationship between them. These cannot be
understood in the classroom. They should have the direct experience. They
should see, touch and feel the things but this is not possible in the class, so
each school or a science teacher should have to arrange some activities for
this purpose. In this lesson, we will know about the activities related to the

Learning science is a rich, ongoing process that builds over a lifetime.

direct experience of the learners.
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5.2 OBJECTIVES
After going through this lesson, you shall be able to-

e cxplain the field trips,
e highlight the importance of field trips in teaching of biological science
e describe the role of science museum in teaching of biological science,

e define the organization of science laboratory in teaching of biological
science,

e enumerate the merits and limitations of science fair in teaching of
biological science, and

e discuss the importance of science club in a school for teaching of
biological science.

5.3 FIELD TRIP

In biology science education, the field trip is considered as a key

component of the curriculum. Field trip is a visit to a place outside the regular
classroom, designed to achieve certain objectives, which cannot be achieved
by using other means.It was introduced in 1827 by George Shillibeer for a
Quaker school at Abney Park in stock Newington, London, U.K.Field trip
offers the sort of enriching experience that is considered to control successful
education. According to Krepel &Duvall in 1981,“a trip arranged and taken
for educational purposes in which the student go to the places where the
material of instruction may be observed and studied directly in their functional
setting.” Field trip engages and even entertains students helping to make
educational experience more relevant, memorable and meaningful. It offers
students the opportunity to learn what is involved in on-ground management,
comparison, sharpen their own integrative ability, insight and judgement
without actual real life costs of being wrong.

5.3.1 Organization of a field trip

For conducting a field trip, we follow these steps-
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Trip selection-
Identify objectives and plan of evaluation for the field trip
Select site to be visited and arrange date and time

Conduct pre-visit to familiarize yourself with the major features of
the field and obtain address, directions, contact person and mobile numbers.

Logistic planning-
Apply for administrative approval and file requisition for transportation
Make arrangement for meals and develop schedule for the day.

Arrange special equipments like cameras and collect money for
admission fees, if the site demands

Inform the parents about the trip.

Create a list of students’ names and home phone number for emergency.
Field trip preparation-

Discuss the purpose of the trip.

Show photographs or poster of the site.

Set a standard conduct and discuss money usage, lunch plans, dress
code and other necessary things.

Discuss how to ask good questions and make a list of open-ended
observation questions to gather information.

Overview the field trip schedule.
The field trip-
Let students to sketch if it is necessary.
Ask prepared questions and note the answers.

Do things that you have planned.
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Post field trip-

Let student to share their observations and reactions to field trip
experience.

Create classroom bulletin board displaying materials collected while
on field trip.

Evaluating the field trip-

Write a report regarding the field trip. This will provide a good
reference for future field trips.

Share the evaluation with the students, hosts from the field trip site
and school administrator.

5.3.2 Role of the field trip in teaching of biological science

1. Motivate student through increased interest and curiosity- It can
add variety to the regular classroom instructional program and tend to
be a special and enjoyable learning experience.

2. Increase student-student and student - Teacher social interaction-
field trip provides an opportunity to involve students and teachers in
the programs. The interaction among students will increase when they
work in groups. The interaction between the students and teachers
will enhance, as the students will have to discuss with the teachers
when they have doubt.

3. Develop social awareness- Field trips make students aware of learning
activities in everyday life. A well organized trip to a “normal” place is
an excellent method of teaching students to observe, ask question and
learn in a large classroom.

4. Experiential learning- Involvement in a real world experience makes
learning more meaningful and memorable. As a result, the students
will have more concepts of the topic as they have learned through
their hands on experiences.

100



5. Concrete skill such as note taking- The students have to develop
questions to be asked, write reports etc. after the trip or evaluate their
experiences.

6-Real world experience-Field trip helps the learners to experience real
world. They help the students appreciate the relevance and importance
of what they learn in the classroom.

5.3.3 Merits and Limitations of field trip
Merits of field trip

1. Real world experience- it allows students to have a real world
experience.

2. Increase in quality of education- for example, biology trip could
take students to a zoo. In this case, students can learn more. Hence, it
improves the quality of education.

3. Improvement of the social relations- it is a way to bring the students
close together.In fact, it is often a good idea to go on a field trip to
help to create a bond between the students.

Limitations of field trip

1. Time consideration- Difficultly in preparation and fitting the trip as
per the school time-table, which takes more time.

2. Lack of support from school administrations for field trip- It means
school cannot afford the material and sometimes can’t provide financial

assistance due to which student have to search their own ways.

3. Poor student behaviour and attitude- Sometimes some students
donot listen to the teacher showing their ego, attitude and doing the
things on their own ways which cause trip to be unsuccessful. It affects
the other students and the relation between teacher and students
because of bad attitude.

4. Shortage of resources and choice of venue- Means sometimes school
do not provide the material and teacher also do not have the correct
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material for the trip. And sometimes students do not have the choice
to pick their own place and they have to agree with the teacher’s choice
which shows students do not have the choice to select the venue.

5. Medical risk- For example, while travelling, some children get motion
sickness.

Check Your Progress- 1

Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.

(1) Field trip was introduced in 1827 by ................... for a Quaker
school at Abney Park in stock Newington, London,

(11) According to ................ in 1981,” a trip arranged and taken for
educational purposes in which the student go to the places where the
material of instruction may be observed and studied directly in their
function setting.”

(ii1) Field trip allows students to have a ................... experience.

(iv) The interaction betweenthe ................. will enhance with the help
of field trip.

5.4 SCIENCE CLUB

It is a fact that we can learn and remember the things better if we do it

and practice rather than just read them. This basic principle is involved in

the formation of an organization called “science club”. In the classroom, the

students work formally and restrict themselves to the school

curriculum.Whereas in science clubs, there are no restrictions and the students

can work on their own ideas with full freedom.

Science clubs channelize the energies of students and make use of

their skills and talents, which satisfy their instincts and urges and help in

their overall personality development. Science clubs work in association with
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classroom instructions of science subjects. Therefore, we can define science
club as “an organization, which helps in the development of scientific attitude
and develops genuine interest in science activities, supplements the work of
the classroom.

5.4.1 Organization of the science club

The proper organization of the club is must for its successful
functioning. It should have its own constitution. Science club have the
following office bearer elected by the members.

1. Patron- he extends all the facilities to the club for its effective working.

2. Chairman- he presides over the functions of the club and over the
meeting of the executive committee.

3. Secretary/Joint Secretary - they take the responsibility of the
conducting the programmes and activities of the club. They frame the
program of the meeting and keep proper record or the proceeding of
the meeting of the club.

4. Treasurer- he prepares the budget and presents the statement of the
account.He also keeps the proper account of the income and
expenditure of the club.

5. Librarian- he issues and receives books and maintains catalogue.
6. Store keeper- he keeps records and equipments of the club.
The science teacher is usually the sponsor of the club.
5.4.2 Types of science club
Two types of science club are here-

1. Special type club-this type of clubs is mainly for performing some
special and specific activities.

2. General type club- this type of clubs takes place in an intermixed
and integrated form.

103



5.4.3 Role of science clubs in teaching of biological science-

1.

Self-expression- science clubs provide the opportunity of self-
expression, independent research and constructive activities to the

learners.

Personal development- science clubs allow the students to work on
their own ideas, hobbies and experiments etc.

Independent work- there are no restrictions and the students can work
on their own ideas with full freedom.

Development of scientific attitude- science clubs develop scientific
attitude and awareness in the learner. They provide scientific
knowledge in a non-formal way and develop critical thinking,
reasoning power and creativity.

Development of skills- science clubs encourage the development of
skills like observation, manipulative, communicative, problem solving
etc.

5.4.4 Merits and Limitations of science clubs

Merits of science clubs

1.
2.

They help to create a lively and permanent interest in science.

They encourage group work which is highly necessary for the
advancement of science.

They develop social values.
They offer training in leadership and promote self-expression.

They give the better students incentives for specialization according
to individual interests.

Limitations of science clubs

1.
2.
3.

It is not possible to organize science club in each school.
It is an expensive method.

Teacher should be skilled and trained.
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Check Your Progress- 2

Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1)  Science club helps to create a lively and ................. in science

(i1) Science club is an organization, which helps in the
............................. in science activities, supplements the work
of the classroom and the work of the classroom.

(ii1)) Treasurer prepares the ................ and present the statement of the
account.

(iv) Science club provides the opportunity of ............................ to
the learner.

(V) keeps records and equipments of the club

5.5 SCIENCE MUSEUM

Science museum plays an important role in promoting science learning

and strengthen and enrich the quality of science learning for all learners. It

can reinforce scientific concepts and practice, while developing an

appreciation for and interest in the pursuit of science in daily life. It has

shown to provide important and unique opportunity to engage students who

come from communities historically underrepresented in the science.

Museums are the great place where you can see the trifles and the

leftovers of the past. Students from school and also from colleges find these

places a great source of knowledge.A museum is a form of library or

information centre.

5.5.1 Organization of a science museum in school-

To organize a science museum, we should follow these steps-
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1. Arrangement of proper place-

1. Science museum should be at proper place and separate from the
classroom.

2. There should be proper and enough space to each and every specimen
or collected thing.

3. There should be arrangements of proper light and ventilation.
4. The place should be safe for preserving things.
2. Collection of objects-

1. There is no limit in museum of collection of materials. But it should
be listed.

3. Caring of objects-
1. The collected things should be classified before putting at their place.
2. Each and everything should be labeled.
3. Preservatives should be used to protect the materials from the damage.
5.5.2 Role of museum in biological science-

Museum helps the students to know about their natural and social

environment.
It gives the students real and direct experience.
Museum makes the subject interesting, easy and clear.

Museum helps to develop the habit of collection and preservation in
the students.

Museum develops the scientific attitude in the students.
5.5.3 Merits of science museums

Museums collect and preserve our objects and materials of science,

history and cultural values.

They are a good source of entertainment.
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They help to preserve and promote our cultural heritage.
Museums help in research and study.

They are a good source of knowledge.

Check Your Progress-3
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.
(1) Museumisaformof...............................

(i1) Museum .................. our objects and materials of science, history
and cultural values.

(ii1) Museum helps the students to know about their
.................. environment.

(iv) Science museums play an important role in promoting science
................... and............... enriching the quality of school
science for all learner

5.6 SCIENCE FAIR

Science fair is an opportunity for students to apply the scientific method

to conduct independent research. The mere purpose of science fair is to instill
scientific attitude in the young generation to make them realize the
interdependence of science, technology and society. Science fair provides a
platform for the students and teachers where they can learn from each other’s
experiences and get motivated to design and develop something new and
innovative. It allows students from various schools to compete with one
another in science and related field activities. The main purpose of the science
fair is to encourage the students to take a more active interest in the study of
science and conduct and present their independent scientific inquiries and
innovation publically.
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5.6.1 Step for coordination and conduction

1.
2.

Choose a chair person who will oversee the entire science fair.
Solicit volunteers for the committee.

At the first, while planning a meeting, set the dates and deadlines for
the science fair as well as the date of submission of project topic by
the students. Decide if you will need to provide the project board or if
the students will need to use their own. Also work with the school
principal and teachers to determine if grades will be involved in the
projects, if the project should follow the rules. Be sure to consider the
venue for the conduct of the fair, paying careful attention to the amount
of display space and the number of tables available. Allow a table for
each project as well as tables for clerical or administrative needs. Draw
a layout plan and determine the number of volunteers needed to manage
each area.

Once the layout and rules have been established, create an information
sheet to distribute students and parents about the science fair stating
general information and the projects guideline. Be sure to stipulate
safety related restrictions.

Begin to recruit judges at least 3 months prior to the science fair. Be
sure to keep them updated with reminder at the beginning of each
month, the week of judging.It is also considerable to give the judge
projects in his or her area of specialty. Ask the judge for any preference
in advance and then have a list to prepare email beforehand to him or
her for review.

Establish the guidelines for how the students are to submit, set up and
represent their projects. Distribute the guidelines as well as a floor to
the students and their teachers in advance.

Order any prize and establish a method for printing certificates. It
may take time. Be sure to generate certificates or letters of appreciation
to present your volunteers.
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5.6.2 Role of science fair in teaching of biological science-

Science fair develops the skills of leadership and learning of how to
work in groups through such events. As they are supposed to work in a group,
it teaches them how to work in tandem by cooperating with other.

Science fair encourages students to think out of the box and be creative
and inventive. It makes them enjoy science and just not take it as a mere
subject. Students are able to come up with their own ideas.

Scientific temper among students is being developed which fosters
them to become better scientists as well as better citizens who are capable of
governing their personal thoughts and actions in a scientific manners.

It generates deep interest in young minds of students. Students
endeavor to comprehend every activity they are engaged in by asking
questions and seeking answers.

Scientific aptitude should be inculcated in students’ minds at an early
stage of education. It is the need of the hour to exhibit the ideas of scientific
education system in order to develop potential of individuals so that
sustainable development via science education could be achieved.

5.6.3 Merits and Limitations of science fair
Merits of science fair

Exposure to a wider set of audience- not only does your brand get a
lot of exposure but the crowd that visits the exhibition is valuable too, because
only consumers interested in your product category will visit the show and
subsequently your exhibition booth.

Creates brand awareness-one of the prime reasons brands participate
in exhibitions is because exhibitions create awareness in the market about
the brand. It not only increases brand awareness but also makes it popular in
the crowd.

Increase credibility-people begin to trust your brand when they see it
alongside major brands. Therefore increasing credibility of the brand in the
market.
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Promotes brand loyalty-when people begin to trust you, it ensures
repeated sales. Repeated sales instill brand loyalty among its customers.

Helps in networking-you meet a lot of likeminded people at
exhibitions. It is a good chance to network with other people, increase your
client base, and promote your business. Exhibitions are known to be an
advantageous ground to build profitable.

Limitations of science fair

Fair are hectic and stressful- Participating in fair requires a lot of
work. From selecting fair stand contractors, booking the perfect spot to
finalizing your fair stand design you need to take care of many things. Many
businesspersons find fair too hectic and only because of the work it requires,
they abstain from it.

It can be overwhelming-with so many tasks and preparations at hand,
exhibitors often get overwhelmed with the chores and responsibilities that
come with fair.

Fair can sometimes go downhill-while focusing on major aspects you
tend to ignore small things at fair. One might pay full attention to their fair
stall design but be reckless while selecting the right staff. If you not tie all
the loose ends, it is likely you won’t get the expected results.

Check Your Progress- 4
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.
(1)  Science fair helps the students to develop the skillof ...................

(11) Science fair provides a platform for the students and teachers where

(111) Science fair is an opportunity for students to apply the scientific
method to conduct ................
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(iv) Science fair encourages students to think out of the box and

(v) Students are supposed to work in a groups in fair, it teaches them
how to work in tandem by ................... with other.

5.7 SCIENCE LABORATORY

A laboratory or lab is a facility that provides controlled conditions in
which biological experiment, observation, research may be performed.
Laboratories used for research take many forms because of the different
requirements of specialist in the various fields of science. Biological lab can
be found in school, college, university and on other place. The science lab
provides opportunities to the pupils to understand the concepts and different
ideas of science. The laboratory helps in the development of objective
reasoning and thinking, skill of experimentation, observation, problem solving
and scientific attitudes among the students.

5.7.1 Location and types of science laboratories

A science lab should be located preferably on the school building if
possible. The open space outside the laboratory will be of much use to conduct
some of the experiments outside, in sunlight. Biology and general science
laboratory should have north-south orientation to provide adequate sunlight
exposure.

There are three important plans of science laboratory.
Lecture room-cum- laboratory plan as suggested by Dr. R. H. Whitehouse.

Lecture-cum-laboratory plan as suggested by the panel for science
education in secondary schools.

These two plans are a combined one with a lecture room and a
laboratory attached side by side. Half of the whole laboratory is used as lecture
room and half as a laboratory to arrange practical classes for one or more
subjects.
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All-purpose laboratory- the whole laboratory is used for all -purpose namely
for lecture and laboratory work.

5.7.2 Planning of science lab

Before constructing the science lab, the following factors should be
taken into consideration at the planning stage.

The number of pupils working at a time.

The minimum space necessary for each pupil for comfortable working.
Limitation of number of science teacher in secondary schools.

Need for ancillary accommodation for storage.

Imperative need for economy.

The plan was evolved by Dr. R.H. Whitehouse and approved by Punjab
education department.

Location-It should be preferably on the ground floor

Lay out- It should be 45 and 25 feet for a class of 40 students in demonstration
and 20 for practical class. One door should be near demonstration table of
the teacher and the other at the other end. Window preferably with wire gauze
should be provided and should open outside.

Ventilation- Ventilation should be provided with exhaust fans. Without them
conditions might become intolerable for students to work.

Walls-The wall may be 1,1/2 feet thick. Painting or annual white washing
should be done.

Floor-They should be cemented. Slight slope helps in sweeping. Round
corners prevent the dust from being accumulated.

Water supply and sink—There should be water supply in different places,
depending upon the source of water supply. It is preferable if storage tank is
built on the roof of science laboratory. Sink must be provided in each
worktable in the biology lab where the students would have to clean the
apparatus and equipments, whatever the student is using.
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Work table-Single worktable of dimension 1.5%0.75*0.75m is ideal for
individual practical classes. The tables must be arranged so that the teacher
can easily see from his demonstration table what every student is doing.

Demonstration table-A long table preferably raised by means of a small
platform should be provided in each laboratory at one end. The demonstration
table must be provided with water supply and gas supply.

Blackboard and bulletin board-A black board must be fitted on the wall
just behind the demonstration table, so that the teacher can use it during
demonstration. There must be a notice board inside the laboratory near the
entrance door.

Cupboard, fire extinguishers and first aid box-There must be enough
number of cupboards or almirahs to store things and chemicals. There must
be at least two fire extinguishers and one first aid box in the laboratory.

Storeroom-In addition to the materials kept in the laboratory, materials which
are costly and needing special care can be stored in the store room.

Stock register- The apparatus purchased should be properly checked and
entered. A stock register is used for the entry of items received and to maintain
a record of science apparatus. It helps in knowing the position of apparatus,
specimen and helps while auditing.

5.7.3 Role of science lab in teaching of biological science

The laboratory helps the pupil in the development of manipulative
skills.

Laboratory exercise trains them in scientific thinking, they develop
scientific attitude and scientific methods as a result of laboratory work.

In the laboratory, the teacher comes into closer contact with the
individuals and helps them bring out of them their difficulties.

The achievements of modern science are mainly due to the application
of experimental world.
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In doing laboratory work, the pupils get a chance for activity both
physical and intellectual and they are learning by doing.

5.7.4 Merits and Limitations of science laboratory
Merits of science laboratory
It is freely available, cheap and economical.
It possesses a great educational value.

Preparation of such apparatus helps the students in gaining a deeper
knowledge of underlying principles.

It develops creative instinct in the learner.
It inspires young students to design, explore and invent new apparatus.
Limitations of science laboratory

The time and money involved can exceed the limits making it
worthless.

Improvised apparatus are not durable.

Check Your Progress-5
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(i) A laboratory or lab is a facility that provides controlled conditions
in which biological ................ may be performed.

(i1) The laboratory helps in the development of ............... attitude
among the students.

(111) In doing laboratory work, the pupils get a chance for activity both
physical and intellectual and they are ....................

(iv) The laboratory helps the pupil in the ................ of manipulative
skills.

(v)  The achievements of modern science are mainly due to the application
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58 PREPARATION OF LOW COST TEACHING AIDS IN
BIOLOGICAL SCIENCE

The low cost teaching aids refer to the aids prepared with simple
materials costing very little by involving teacher and student. These aids
could be prepared easily with little or no money to make learning effective,
comprehensive and fascinating. The science teacher with a certain amount
of skills can replace many piece of apparatus by an adequate if unconventional,
improvised substitutes. Low cost teaching aids have an advantage of offering
learning by doing approach to the teaching learning process. When teacher
and student plan, produce or create their own educational material, they
invariably manifest pride and pleasure in utilizing them to the maximum.
Effective science teaching depends on three factors, teacher, equipments and
materials. Locally produced low cost equipment, teaching aid or models can
serve the needs of the teacher, the student and the curriculum more effectively
and is easier to maintain.

5.8.1 Developing low cost teaching aids

Main task of the teacher is to develop low cost teaching aids by using
locally available materials. The teacher should be the active participant in
preparing the low cost teaching aids. Teacher by himself or with the help of
students may carry out the process.

To design the effective low cost teaching aid, teacher should have
thorough knowledge of the objectives and science concepts. The teacher
should have adequate knowledge to provide learning experience, locally
available resource and environmental conditions.

To enhance the learning process, the science teachers who have real
interest in the field prepare their own teaching aids with the help of available
resources. By sufficient encouragement from the superiors, parents and the
community, the quality and effectiveness of these low cost teaching aids may
be improved.
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5.8.2 Effective design of low cost teaching aids

The following basic principles may be used while preparing low cost
teaching aids-

The concept should be explained accurately and in a simple way so
that all the students can understand the situation.

It must attract attention and promote sharp thinking.
The low cost teaching aids must be very simple and easy to handle.

Much money can be saved and some complexities of sophisticated
appliances can be avoided.

5.8.3 Merits of low cost teaching aids

Improvisation and experimentation play a major role in the success of
biological science teaching.

It helps to have more knowledge and understanding.
Improvisation makes biological science doing instead of talking.
It promotes pupils’ maximum participation in the learning process.
It provides first-hand experience in a variety of ways.

Develop scientific attitude in children.

Cultivates research mindedness in children.

Develop self-confidence of pupils.

With the help of the improvised aids, the presentation of the content
will be attractive and stimulating.

Learning experiences appending to the senses are far more effective
than abstract learning experiences.
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Check Your Progress- 6
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1) The ccooveeeeiiiiii.... refers to the prepared with simple materials
costing very little by involving teacher and student.

(i1) Low cost aids could be prepared easily with little or no money to
make learning effective,.......... And................

(1i1)) Effective science teaching depends on three factors,.......... ,

(iv) By «ooiiiiiii from the superiors, the quality and effectiveness
of these low cost teaching aids may be improved.

5.9 LET US SUM UP

In this lesson, we have learned about different informal methods that

can be used by a teacher to facilitate his students. Firstly, we have known
about the field trip, its merits and limitations and importance.Field trips engage
and even entertain students helping to make educational experience more
relevant, memorable and meaningful. After that, the science club, its
importance, merits and limitations have been explained.Science museum
plays an important role in promoting science learning, strengthening, and
enriching the quality of school science for all learners. The purpose of science
fair is to instill scientific attitude in the young generation to make them realize
the interdependence of science, technology and society. Laboratories used
for research take many forms because of the different requirements of
specialists in the various fields of science. The low cost teaching aids refer
to the aids prepared with simple materials costing very little by involving
teacher and students. Inexpensive aid could be prepared easily with little or
no money to make learning effective, comprehensive and fascinating.How
to establish a science museum? And how to organize a science laboratory in
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a school? What are the requirements of a lab? What is the importance of
science fair in teaching of biological science? In this lesson, we have got the
answers of these questions.

5.10 LESSON END EXERCISE

1. Write a short note on the science museum.

2. Enumerate the qualities of a field trip.
3. How to organize a science lab in a school?
4

. What are the advantages of low cost teaching aids?

5.11 SUGGESTED FURTHER READINGS

Bhatnagar, A.B., & Bhatnagar, A. (2008). Teaching of biological science.
Meerut: R.Lal book depot, Meerut

Kulsherestha,S.P. (2005). Teaching of biology. Meerut: Surya Publication.
v.k.maheshwari.com

akhilasatheesh.blogspot.com

slideshare.net

eprogressiveportfolio.blogspot.com

http://clt.curtin.edu.au>tlf>refreed

5.12 ANSWERS TO CHECK YOUR PROGRESS
Answers to check your progress-1

(1) George Shillibeer (i1) Krepel & Duvall

(111) Real world (iv)Students and teacher
Answers to check your progress- 2
(1) Permanent interest

(i1)  Development of scientific attitude and develop genuine interest
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(ii1)) Budget

(iv)  Self- expression,independent research, constructive activities
v) Store-keeper

Answers to check your progress-3

(1) Library or information center

(11)  Collect and preserve

(111)  Natural and social

(iv)  Learning and strengthening

Answers to check your progress-4

(1) Leadership

(11)  For the students and teachers where they can learn from each other’s
experiences and get motivated to design and develop something new
and innovative.

(ii1)) Independent research

(iv)  Creative and inventive

v) Cooperating

Answer to check your progress-5

(1) Experiment, Observation, Research (i1))  Scientific
(1i1) Learning by doing (iv) Development
(v)  Experimental

Answers to check your progress- 6

(1) The low cost teaching aid

(11)  Comprehensive and fascinating

(111)  Teacher, equipments and materials

(iv)  Sufficient encouragement

3k 3k 3k %k 3k %k %k 3k %k %k %k k k
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LESSON NO. 6 UNIT-1I
TECHNIQUES OF TEACHING BIOLOGICAL SCIENCE

STRUCTURE
6.1 Introduction
6.2  Objectives
6.3  Lecture cum demonstration method
6.3.1 Steps in method
6.3.2 Merits and Limitations of lecture cum demonstration method
6.4  Project method
6.4.1 Major steps of the project method
6.4.2 Merits and Limitation of project method
6.5 Problem-solving method
6.5.1 Process of the Problem-solving method
6.5.2 Merits and Limitations of Problem-solving method
6.6  Inductive-Deductive method
6.6.1 Deductive approach
6.6.2 Merits and Limitations of deductive method
6.6.3 Inductive method
6.6.4 Merits and Limitations of inductive method
6.7  Heuristic method
6.7.1 Steps in the Heuristic method
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6.7.2 Merits and Limitations of Heuristic method

6.8 Let Us Sum Up

6.9 Lesson End Exercise

6.10 Suggested Further Readings

6.11 Answers to Check Your Progress

6.1

INTRODUCTION

The main aim of teaching biological science is to create awareness

for biology among the learners and this can only be achieved if the teaching

is impressive and based on the principles of teaching and according to learner.

How the learner can learn effectively, it depends on the teaching methods

that a teacher adopts to teach his topic. There are many effective and efficient

methods of biological science teaching which could be made use of, to bring

out the expected behavioural outcome from the learner. In this lesson, we

will discuss some of the methods of teaching biological science.

6.2

OBJECTIVES

After going through this lesson, you shall be able to :

explain lecture cum demonstration method,
explain the method of problem-solving,
discuss inductive-deductive method,
describe heuristic method,

discuss the process of project method, and

enumerate the merits and limitations of different methods in teaching
of biological science

121



6.3 LECTURE CUM DEMONSTRATION METHOD

Lecture cum demonstration method is one of the traditional methods.

This is an autocratic method because in this method, teacher is active and
learners are passive. The method works on the principles of concrete to
abstract. Demonstration means ‘to show’. In lecture method, teacher just
tells but in demonstration method teacher shows and illustrates certain
fundamental phenomena. This is called as chalk and talk method because it
includes the merit of the lecture as well as demonstration method. It attempts
to filter out the disadvantages of both. The essential qualities in learning
biological science such as independent thinking, power of observation and
reason can be developed in this method. The teacher performs the experiment
in the class and goes on explaining what he does. Here, the students see the
actual apparatus, operation, and help the teacher in demonstrating the
experiment.

6.3.1 Steps in method

1. Planning and presentation- While planning a demonstration the
following point should be kept in mind-

Subject matter

Lesson planning

Rehearsal of experiment

Collection and arrangement of apparatus

Introduction of lesson-the lesson may be introduced on the following

basis-
Student’s personal experience
Student’s environment
Telling story
Simple and interesting experiment
2. Presentation of the subject matter-teacher must study the subject
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matter on broad basis taking into consideration the interests and experiences
of students.

While demonstration is going on, questions should be asked which
help the students to understand the principles.

The teacher should try to illustrate the facts and principles.

Language of the teacher should be simple, clear and according to
students’ level.

3. Experimentation- Demonstration should be properly spaced and
striking clear and convincing.

Demonstration table should have only apparatus.
Experiment should be simple and speedy
Not all the apparatus should be displayed at once.

4. Blackboard work-a big blackboard behind the demonstration table
is necessary in order to summarize the principles and other matters of
demonstration and to draw necessary diagram and sketches.

Merits and Limitations of lecture cum demonstration method
Merits of lecture cum demonstration method

1. Itis an economical method as compared to a purely student centered
method.

2. It leads the students from concrete to abstract situation.

3. It can be successfully used for all types of students.

4. It improves the observational and reasoning skills of the students.
Limitations of lecture cum demonstration method

1. The maxims of education, learning by doing and the principle of
psychology of learning has no place in the method.

2. Visibility is main problem for a teacher because not all the students
may be able to see the details and results of a demonstration.
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3. Either too fast or too slow speed of demonstration sometimes may
create trouble.
4. This method totally ignores the main principle of psychology.
5. This method somehow hinders the development of laboratory skill
among the students.
6. This method is not useful for developing scientific attitude in students.
Check Your Progress-1
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.
(i) Lecture cum demonstration iS @ ..........ooveeeiiiiiieenannn... Method.
(i) Demonstration means....................
(iii) The maxims of education, ......................... of'learning has no place in
the method
(iv) Lecture cum demonstration is called as ............. method because it
includes the merit of the lecture as well as demonstration method.
(v)  This method somehow hinders the developmentof.................... among
the students.
6.4 PROJECT METHOD

Project method is a teacher facilitated collaborative approach in which

students acquire and apply knowledge and skills to define and solve realistic

problems using a process of extended inquiry. Projects are student centered,

following standard and milestones clearly identified by the instruction. Project

method is a medium of instruction which was introduced by Kilpatrick. He

expanded the project method in the philosophy of education. It is based on

the principles of pragmatism given by John Dewey.

According to Kilpatrick, “project is a whole hearted purposeful activity

proceeding in a social environment.”
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According to Parker, “A project is a unit of activity in which pupils
are made responsible for planning and purposing.”

Unlike traditional method, proponents of the project method attempts
to allow the student to solve problems with as little teacher direction as
possible. The teacher is seen more as a facilitator than a deliverer of
knowledge and information.Students in a project method environment should
be allowed to explore and experience their environment through their senses
and, direct their own learning by their individual interest. Very little is taught
from textbook and the emphasis is on experimental learning rather than rote
and memorization. A project method classroom focuses on democracy and
collaboration to solve purposeful problem.

Kilpatrick has classified the project method into four types-

Constructive-when learners have to construct something related to social
life.

e.g.- T.V,, videos
Artistic-the project are generally allotted in the aesthetic field of life.
e.g.-Dance, Drama

Problem solving-to solve the problem related to any life situation or related
to any subject.

e.g. -How to make a presentation?

Group work-A team of students is assigned a work to be performed
e.g. -develop a garden at home.

6.4.1 Major steps of the project method

Creating a situation-provide such a situation where the learners feel
spontaneous urge to carry out a particular project according to their needs
and interests. The teacher has to discover the interests, needs, tastes and
aptitudes of students.He may draw the pupils’ attention to the projects in
mind through informal conversation or discussion as taking out students
outside the school.Thus, pupils are brought face to face with the situation.
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Selection of the project-the students should themselves choose the subject.
Self -choice leads to better results and entails self-satisfaction. Pupils select
any one, discuss the various projects, rejects some, explain others and thus
come to a decision. The teacher should see that the projects chosen are of
great utility, satisfy the real need of the learners, and are within their capacity
to be successfully carried out.

Planning- the student should themselves do the planning and the teacher is
to guide them. Discussions may be held and each student should be encouraged
to express his views and suggestions. The teacher may point out the difficulties
involved in the carrying out of the project. Resources and limitations should
be discussed. After such oral discussion, the detailed plan may be written up
by the students in their project book

Execution-when the plan is ready, students are to put it to practice. Students
themselves should distribute the various items of duties among themselves
according to individual interest and capacities. Every student must contribute
something towards the successful completion of the project. A chain of
activities is to be performed by the students. They are busy in collecting
information, visiting various places and pupils, looking up maps, writing
letters, referring library books, observing specimens, etc. the teacher should
guide the students, provide necessary information and help them on right
lines.

Evaluation -no project is complete unless the work done in it is evaluated.
Students should assess their activities, whether they have been carried out in
accordance with the plan or not, mistakes committed are noted.

Recording-the teacher should keep a complete record of work how they
planned, what discussions were held, how duties were assigned and finally
criticism of their own work and some important points for future reference.

Organisation of a project report

A project report is written after completing the project work. The
proforma of a project report includes the following :
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The tile of the project.

Abstract : A brief summary of the project.
Introduction

Material and methods

Observation

Results

Appendix

Bibliography

6.4.2 Merits and Limitations of project method

Merits of project method

¢

® & & oo oo o

It helps in developing social norms and social values among the
learners.

It provides invaluable opportunities for correlation of various elements
of the subject matter and for transfer of training or learning.

It helps in growing knowledge very effectively as a result of their
close cooperation on social participation in the spirit of democracy.

The method is in accordance with the psychological law of learning.
It promotes co-operative activity and group interaction.

It gives training in a democratic way of learning.

It develops intuitiveness and self- activity.

It makes learning natural, spontaneous and interesting.

It sets up challenges to solve and thus, stimulates constructive and
creative thinking.

Limitations of project method :

¢

It is difficult to teach all topics in this way.
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Teaching is not regularized, well organized and continuous. Whole
timetable almost gets upset.

It is an expensive method.
Teacher should be skilled and trained.
It is a time-consuming method.

It is difficult for a teacher to plan or to execute the project to the
learners and supervise them.

Check Your Progress 2

Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.

(1) Project method was developed by..............
(11) Project method is based on the principles of..................
(111) ProjectiS a ....ccoovviiiiiiiiiniiniineannnnnn. social environment.
(iv) A project method classroom, focuses on ................... to solve
purposeful problem.
6.5 PROBLEM SOLVING METHOD

Problem-solving is a process-an outgoing activity in which what we

know to discover what we don’t know.

Problem solving method aims to present the knowledge to be learnt in

the form of a problem. It begins with a problematic situation and consists of

continuous meaningful, well integrated activity. The problems are test to the

learner in a natural way and it is ensured that the students are genuinely

interested to solve them.

In this method, children learn by working on problems. This enables

the students to learn new knowledge by facing the problem to be solved. The
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students are expected to observe, understand, analyze, interpret, find solution

and perform applications that lead to a holistic understanding of the concept.

This method develops scientific attitude skills.

6.5.1 Process of the method

1.

Define the problem-Diagnose the situation so that your focus is on
the problem, not just its symptoms. Helpful problem solving techniques
include using flow chart to identify the expected steps of a process
and cause and effect diagrams to define and analyze root causes.

Generate alternative solution-Many alternative solutions of the
problem should be generated before evaluation. A common mistake
in problem solving is that alternatives are evaluated as they are
proposed, so the first acceptable solution is chosen even if it is not the
best fit. If we focus on trying to get the results we want, we miss the
potential for learning something new that will allow for real
improvement in the problem solving process.

Evaluate and select an alternative- Skilled problem solver consider
the extent to which a particular alternative will solve the problem
without causing other unanticipated problem.

All the individuals involved will accept the alternative
Implementation of the alternative is likely.
The alternative fits within the organizational constraints.

Implement and follow up on the solution- Regardless of how the
solution is rolled out, feedback channels should be built in to the
implementation. This allows for continuous monitoring and testing of
the actual events against expectations. Problem solving method and
the techniques used to gain clarity are most effective. If the solution
remains in place and is updated to respond to future changes.
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6.5.2 Merits and Limitations of problem-solving method
Merits of the problem-solving method

1. Knowledge retention-The learning process of this method is more
effective because participants are not trying to memorize large volumes
of information. In this method, learning requires participant to use
their reasoning and problem-solving skills to solve the problem.

2. Develop competencies-This method is based on the principle of
learning by doing. It is a collaborative method that fosters teamwork,
mutual respect, which are invaluable competencies in the workplace.

3. Context specific-This method may be limited in its effectiveness
because it is highly context specific.

4. Scientific in nature- Problem-solving method develops good study
habits and reasoning power. This method is also helpful to improve
and apply knowledge and experience.

5. Reduce biasness-The shared responsibility of a group in a decision
can encourage individuals to explore seemingly unrealistic ideas and
to challenge accepted way of doing things

Limitations of the problem- solving method

1. Difficult to teach all the topics of curriculum-There is a lack of
suitable books and reference for the students and this method is not
for the lower classes. Not all topics and areas can be covered by this
method.

2. Unhealthy Competition- Problem- solving method can encourage
unhealthy competition.

Most people working in a group unconsciously perceive the situation
as competitive. This generates behaviour, which is destructive and
drains the creative energy of the group.

3. Possible lack of effective direction—There is a shortage of talented
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teachers to practice this method. There is always a doubt of drawing
wrong conclusion.

4. Time and resource constraints-Problem-solving is a relatively slow
process. It is not economical from time and money point of view. It is
a time consuming method.

Check Your Progress 3
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(1) Problem-solving is a process-an outgoing activity in which

(11) The first step in problem solving method is ..........................

(1i1) Problem-solving method aims to present the knowledge to be learnt
in the form of a..............

(iv) Problem-solving method can encourage .................. competition.

6.6 INDUCTIVE-DEDUCTIVE METHOD

6.6.1 Deductive approach

A deductive approach to instruction is a more teaching- centered
approach. This means that the teacher gives the students a new concept,
explains it and then makes the students practice using the concept. It is also
called a deductive instruction. The deductive approach is teacher dominated.
It begins with abstract rule, generalization principles and end with specific
examples and concrete details. Deductive method works from‘general to
specific’. This is also called a top- down approach. The deductive reasoning
works asfollow*“think of a theory about topic and then narrow it down to
specific hypothesis. Narrow down further if we would like to collect
observations for hypothesis”. In a conclusion, when we use deduction, we
reason from general principles to specific cases.
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6.6.2 Merits and Limitations of deductive method

Merits of deductive method

1.

As students of lower class are being provided with established
scientific principles, thus this method can prove to be effective for
them.

. This method is quite time saving as students are not required to analyze

the universal principles.

Teacher’s duty or burden gets reduced to some extent by making use
of this method as a result of which teachers find themselves in a
comfortable and secured position

4. Through this method, a teacher can cover the lengthy syllabi of class

in shortest period of time.

Limitations of deductive method

1.

As the approach of this method is non-confirmatory and non-
explanatory, because of which it is considered to be an unscientific
method of teaching.

. Through this method, it becomes difficult for the teacher to develop

scientific attitude among the students.

. As in this method, students do not get any opportunity to play active

role in learning process. Thus, some experts consider it as un-
psychological in nature.

. Rote memory is being encouraged by this method among the students

as a result of which they do not become self-independent.

6.6.3 Inductive approach

In contrast with the deductive method, inductive instruction makes

use of student ‘noticing’. Instead of explaining a given concept and following

this explanation with examples, the teacher presents students with many

examples showing how the concepts are used. The intent is for students to

‘notice’, by way of the examples how the concept works. It works from
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observation towards generalization and theories. This is also called a ‘bottom-
up’ approach. Inductive reasons start from specific observations, look for
patterns, regularities, formulate hypothesis that we could work with and finally
ended up developing general theories. In a conclusion, when we use
induction,we observe a number of specific instances and from them infer a
general principle or law. Inductive reasoning is open-ended and exploratory
especially at the beginning.

6.6.4 Merits and Limitations of inductive method
Merits of inductive method

1. It is a scientific method, thus it helps to considerable extent in
developing scientific outlook among the students.

2. With the help of this method, teachers can develop qualities of critical
thinking and habit of keen observation among the students properly
and accurately.

3. By this method, students get various opportunities to plan an active
role in learning process.

Limitations of inductive method

1. The result or conclusion drawn from such method are not found to be
final in the case where the amount of data is very large in number.

2. All the topics of science cannot be dealt with this method properly.

3. This method can only be used when teacher have much time for
teaching process.

Check Your Progress- 4
Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.
(i) Deductive method works fromthe .....................

(i1)) Inductive method is also called .......... approach




(iii)) A deductive approach to instruction is a more .................... approach.

(iv) Deductive method is quite time saving as students are not required to

............. the universal principles.

(v) Students get various opportunities to plan an ................... role in

learning process.

6.7 HEURISTIC METHOD

The word heuristic has been derived from the Greek word

“Heuriskein”— means to discover. This method implies that the attitude of
learners shall be that of the discoverers and not of passive recipients of
knowledge.

Heuristic method of teaching biological science was propagated by
H.E.Armstrong.In the words of Armstrong,‘“heuristic method of teaching is
a method which involves our placing students as far as possible in the attitude
of the discoverer- method which involves their finding out instead of being
merely told about things™. According to him, the real spirit of heuristic method
is placing the student in the position of original investigator, which means
involving his finding out instead of being merely told about things.

The aim of this method is to develop the scientific attitude and spirit
in pupils. This method insists on truth whose foundation is based on reason
and personal experienceas a matter of fact there is no spoon-feeding of facts,
which are given by the teacher. In this method, the learners are put in the
place of an independent discoverer. Teacher creates such an environment
that a problem arises before the student. All students think about the problem,
observe and in the end they conclude some result.

Principles of the Heuristic Method
This method is based on the following principles :

4 Principle of learning by doing.
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Principle of freedom of activity.
Principle of logical thinking.
Principle of experience

Principle of individual work.

Steps in the heuristic method

Selection of the problem- This step is self-explanatory and usually
not a problem. The step simply involves identifying a general area
that is a personal interest and then narrowing the focus to a problem.
A good problem statement should be presented with in a context and
that context should be provided and briefly explained.

Formulating hypothesis- A hypothesis is a tentative statement that
implies a proposed answer to a problem, setting accountability and
responsibility of effective learning procedure as high priority. The
hypothesis is a simple statement that defines what you think the
outcome of your experience will be.

Collection of data- Data gathering includes consideration about what
variable to investigate. Outline the general plan for collecting the data.
Provide a general outline of the time schedule you expect to follow.

Analysis of data- Pupils collect facts by experiments in favour of or
against the hypothesis. They test the hypothesis by considering many
false facts as the basis.

Draw conclusion-The final step in the scientific method is the
conclusion. This is a summary of the experiment’s results and how
those results match up to your hypothesis.

6.7.2 Merits and Limitations of heuristic method

Merits of the heuristic method

It helps in achieving cognitive, affective and psychomotor teaching

objectives.
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Students are put into the situation to learn by self-experience. It
certainly develops self-confidence and self-reliance in the learners.

Teacher encourages the learners to explore the environment in search
of the solution of the problem by doing so, they discover some new knowledge.

Teacher is always ready to provide individual guidance regarding the
solution of the problem.Thus, Interaction between the teacher and the learner
takes place in a cooperative, conducive environment.

Limitations of the heuristic method
It cannot be used at primary level of education.

Higher intelligence and divergent thinking is required in the learner
so this is not for the below average students.

None of the teachers have patience for providing individual guidance
to the learners and learners too feel hesitation to approach the teacher for
seeking his help.

The process of acquiring knowledge is very slow.

It is not possible to teach all topics by this method.

Check Your Progress-5
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

(i) The word heuristic has been derived from the Greek word “Heurisco”
which means ........

(i1)) Heuristic method of teaching biological science was propagated by

(111) Heuristic method of teaching is a method which involves...............

(iv) Heuristic method helps in achieving cognitive, ..............
and........... teaching objective.

(v) In heuristic method, ........... intelligence and ......... thinking is

required in the learner
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6.8 LET US SUM UP

Biological science is such a subject, which includes the skills,

techniques, methods, experiments and field study and so on. The teachers
are required to teach in such a way that the students learn better, understand
well and also feel interested while learning. There are various methods of
teaching biological science, which we have learnt in detail in this lesson.
Each method has its own importance, merits and demerits.Lecture cum
demonstration method works on the principles of concrete to abstract and
learning by doing.Heuristic method implies that the attitude of learners shall
be that of the discoverers and not of passive recipients of knowledge.The
problem solving method tests the learners in a natural way and it is ensured
that the students are genuinely interested to solve their problems.Project
method is a medium of instruction, which was introduced by Kilpatrick, he
expanded the project method in the philosophy of education. None of these
methods can be considered best or the worst in all the situations for all the
students. At the same time, we can’t rule them out as useless, either. Hence,
the teacher must be careful while choosing the method for teaching a concept
of biological science, during which he must consider the various parameters
involved in all perspectives. It is advisable to practice each and every method
as far as possible, in our teaching practice.

6.9 LESSON END EXERCISE

1. What is lecture cum demonstration method of teaching? State their

merits and demerits.
2. Explain the concept of project method.

3. Define problem- solving method of teaching. Explain the various steps
involved in it.

4. Explain heuristic method in detail.

5. What is inductive-deductive method of teaching?
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6.10 SUGGESTED FURTHER READINGS

Bhatnagar, A.B. & Bhatnagar, A.(2008). Teaching of biological science.
Meerut: R.Lal book depot.

Kulsherestha,S.P. (2005). Teaching of biology. Meerut: Surya Publication

Verma,G.S. Essentials of educational technology . Meerut: R.Lal book
depot

Sciencetg.blogspot.com
Gsamutha.blogspot.com
Cdn.blogspot.com_sabarish.p

v.k.maheshwari.com

6.12 ANSWERS TO CHECK YOUR PROGRESS

Answers to Check Your Progress-1

(1) Traditional or autocratic

(11)  To show

(1i1) Learning by doing and the principle of psychology
(iv)  Chalk and talk

(v)  Laboratory skill

Answers to Check Your Progress-2

(1) Kilpatrick

(i1))  Pragmatism

(ii1))  Whole hearted purposeful activity proceeding in
(iv)  Democracy and collaboration

Answers to Check Your Progress-3

(1) What we know to discover what we don’t know.

(11)  Define the problem
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(iii) Problem

(iv)  Unhealthy

Answers to Check Your Progress-4
(1) General to specific

(i11)) A ‘bottom-up’

(111)  Teaching- centered

(iv)  Analyze

v) active

Answers to Check Your Progress-5
(1) I find or I discover

(11)  H.M.Armstrong

(111)  Which involves our placing students as far as possible in the attitude
of the discover methods which involves their finding out instead of
being merely told about things

(iv)  Affective and psychomotor

(v) Higher, divergent
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LESSON NO.7 UNIT -11I

EVALUATION: MEANING AND PURPOSES OF
EVALUATION

STRUCTURE

7.1 Introduction

7.2 Objectives

7.3  Meaning of Test and Examination
7.4  Meaning and Concept of Evaluation
7.5  Definitions of Evaluation

7.6  Purposes of Evaluation

7.7  Let Us Sum Up

7.8  Lesson End Exercise

7.9  Suggested Further Readings

7.10 Answers to Check Your Progress

7.1 INTRODUCTION

The process of teaching learning always work for the attainment of
the stipulated aims and objectives while undergoing a well conceived
programme. A life science teacher while following a stipulated and definite
curriculum and methodology of teaching strives hard for the achievement of
the desired aims and objectives of teaching life sciences within the specific
time period. Resultant, the teacher becomes eager to know the results of his
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striving, so that he can provide necessary magnitude and direction to the
ongoing teaching learning process and further he may take some educational
and administrative decisions in the interest of his students. For this,
information related to the realization of the teaching learning objectives and
individual achievements of his students is required in terms of the expected
behavioural changes. For this purpose, teacher is more often helped by the
data derived from various means like test, measurement and evaluation.

7.2 OBJECTIVES
After going through this lesson, you shall be able to:

e describe the meaning of test and examination,
e explain the concept of evaluation,

e define the process of evaluation,

e claborate the meaning of evaluation, and

e explain the various purposes of evaluation

7.3 MEANING OF TEST AND EXAMINATION

To understand the meaning of Evaluation, let us first clarify the

meaning of test and examination. The word ‘test’ derived from Latin word
‘testum’ as is used in school or classroom situations means judging whether
the matter taught to the students is still in their minds or not. The teacher
may teach something and thereafter test the students understanding, grasping
ability, intelligence etc. by putting some questions. We can say that test is
simply a measuring instrument consisting of a set of questions for being
answered by the student with regard to one or other characteristics of his
behaviour. Normally, the term ‘test’ is only limited to the use of some or the
other specific set of questions and ‘testing’ as a process of making the students
answer that set of questions. Tests are, thus, informal because the teachers
need not undergo any sort of formality.

The word ‘examination’ comes from the word ‘examine’ which is
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derived from the Latin word ‘examen’ which means the pointer of a balance.
In examination, certain standards are fixed by the authorities and the students
are expected to come up to those expectations by way of standard.

7.4 MEANING AND CONCEPT OF EVALUATION

Evaluation is a broader term than test, examination or measurement.

It includes examining both academic and non academic aspects of the students.
Old Concept of Evaluation:

As per the old concept, evaluation was limited and narrow which
included judgment of a few aspects, particularly the academic aspects of
students personality. It was more subject matter oriented and non scientific.

New Concept of Evaluation:

With the passage of time, the old concept of educational evaluation
has undergone a sea change as the philosophy of education now lays more
emphasis on the growth and development of the pupil. The modern concept
of education lays the main focus on the child and not on the subject matter.
The students learning is another important thing of this concept. Moreover,
the total personality of the child is considered to be the purpose of evaluation.
Hence, the modern concept of evaluation tries to measure the objectives of
school curriculum in a comprehensive manner. For this purpose, a variety of
techniques, methods and procedures are made use of in the modern evaluation.

In the process of teaching learning experience, proper planning is made
to bring desirable changes in the behaviour of the students. This begins with
the formulation of proper teaching learning objectives i.e., the type of changes
expected in the behaviour of the learner as a result of ongoing teaching
learning process. For this, suitable learning experiences in the form of subject
matter and other practical activities are planned and organized with the help
of proper teaching learning methods, strategies, teaching aids and devices.
Hence, both teachers and students strive hard to realize the teaching learning
objectives by taking proper help from organised learning experiences (subject
matter and curriculum) and methodology of teaching learning. Thence, there

142



comes the stage when both teachers and students desire to know the outcomes
of their teaching learning efforts. To what extent the stipulated teaching
learning objectives have been realised or not, is the basic question that needs
to be answered from time to time. This can only be answered by a properly
devised scheme of evaluation. Hence, formulation of objectives starts the
process of teaching learning act, selection and organisation of learning
experiences with proper selection and employment of teaching learning
methods sets it towards the proper realization of the formulated objectives.
Evaluation thereafter passes value judgements over the desirability of the
teaching learning objectives, learning experiences, methods and techniques
and efforts of the teacher and students.

Thus the new concept of evaluation involves three things Viz.
Objectives, learning experiences and tools and devices of evaluation which
are related to each other.

7.5 DEFINITIONS OF EVALUATION

“Evaluation is the process of ascertaining or judging the value or

amount of something by use of a standard of appraisal” Carter V. Good

Evaluation is not just a testing programme. Tests are but one of many
different techniques such as observation, checklists, questionnaires, interviews
etc. that may contribute to the total evaluation programme.” Remmers, Gage
and Rummel

Evaluation is a two edged sword which can either enhance learning
and personality development or be destructive of learning and personality
development.” Bloom

“Evaluation is relatively new technical term introduced to designate a
more comprehensive concept of measurement that is applied in conventional
tests and examination......... the emphasis is upon broad personality changes
and major objectives of educational programme. These include not only
subject matter achievements but also attitudes, interests, ideals, ways of
thinking, work habits and personal and social adaptability.” Wrightstone
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“It is now agreed that evaluation is a continuous process, forms an
integral part of the total system of education and is intimately related to
educational objectives. It excercises a great influence on the pupil’s study
habits and the teacher’s method of instruction and thus helps not only to
measure educational achievement but also to improve it.” Indian Education
Commission

“Educational evaluation is a process in which a teacher commonly
uses information derived from many sources in order to arrive at a value
judgement. The information might be obtained by using measuring
instruments as well as other techniques, direct observation and interviews.
An evaluation may or may not be based upon measurement data, though
appropriate measurement results are customarily used if they are available.
Thus evaluation includes not only measuring or in some way identifying the
degree to which a pupil possesses a trait or the degree to which a pupil’s
behaviour may have been modified as a result of an educational experience,
but also judging the desirability and adequacy of these findings.” Ahmann
and Glock

“Evaluation is the process of delineating, obtaining and providing
useful information for judging decision alternatives.” Stufflebeam

“Evaluation is the process of gathering and interpreting evidences on
change in the behaviour of the students as they progress through school”
Quillen and Hanna

On analysis of the above stated definitions of Evaluation, the meaning
of the concept of Evaluation can be summed up as below:

e Evaluation is a continuous process. Teaching learning process and the

evaluation procedure go together.

e Educational evaluation is the estimation of growth and progress of
pupils towards objectives of the curriculum.

e Evaluation is more comprehensive.lt involves objectives, learning
experiences and evaluation procedure.
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Evaluation provides quantitative as well as qualitative description of
the outcomes of teaching learning process.

It helps in knowing about the changes in behaviour related to the
domains of the learner’s behaviour owing to the process of teaching
learning.

It is very systematic and scientific.

It gives more importance to learning as compared to teaching. Teaching
which does not result in learning by the students is of no value.

Evaluation provides greater scope and flexibility for the use of variety
of means and techniques rather than limiting itself to certain tests or
conventional examinations.

Evaluation is a co-operative process involving students, teachers and
parents.

It is quantitative as well as descriptive.

It represents a comprehensive plan of better testing and measurement
for inquiring into the quality of the output in the light of the set
objectives.

Evaluation provides sufficient value judgement about the progress of
the learner, teacher’s efforts and effectiveness of the instructional
programmes.

Evaluation is concerned with the total personality of the student i.e.,
physical, moral, cultural, social, academic, etc.

Evaluation is more concerned with the growth and development of
the learner.

Evaluation is a means to an end and not an end in itself.

145



Check your progress - 1
Note : a) Answer the questions given below :
b) Compare your answers with the given at the end of that lesson.

1) As per the old concept evaluation was more and

i1) The modern concept of education lays main focus on the
and not on the

ii1) Evaluation involves objectives and

iv) Evaluation is very and

v) Evaluation is a means to an and not an in
itself.

7.6 PURPOSES OF EVALUATION

As has been said that Evaluation is a means to an end and not an end
in itself, this clearly helps us to conclude that Evaluation serves one of the
most important component in the process of teaching learning. Let us discuss
the various purposes of Evaluation in Teaching of Life Sciences:

1) Diagnostic Purposes:

Evaluation helps the teachers to find various causes which hinder the
all round development of the child. Evaluation being a continuous and
comprehensive process is of great help to the teachers all through during
their process of teaching. Whatever hindered one or the other aspect of
personality is revealed to the teachers. Moreover, the students to become
aware of their deficiencies. Diagnostic purpose, thus, is of unique value which
alerts the students and teachers to become serious about it and as a
consequence thereof, they start thinking more and more about it. They cannot
continue sleeping over their drawbacks and deficiencies any further. Their
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alertness and awakening help them to become better teachers and better
learners.

2) Remedial Purposes:

The teachers and students think of suitable remedial measures to
overcome their deficiencies. They apply these measures as best as possible
and as quickly as they can. They find themselves like some ailing patient
whose disease has been diagnosed properly and now is very curious to get
the treatment and come out as a healthy and normal being. Evaluation being
a continuous process helps the teacher and student in nipping the evil in the
bud.

3) Motivational Purposes:

The knowledge of the results and progress is quite a strong factor for
motivating an individual to continue his efforts in the right direction. The
evaluation measures help in acquainting the learners and teachers about the
outcomes of their efforts and this in turn may prove a good incentive for
keeping them on the teaching learning track.

Moreover, in addition to this, the evaluation data is quite often used
for providing proper incentive to the students and teachers in the form of
appreciation, grades, division, comments, certificates etc. Such incentives
play a dual role, firstly to motivate the individual who receives such incentives
and secondly to others who take it as a challenge for working effectively to
get such inventives.

4) Guidance Purposes:

Guidance is another very important purpose of evaluation. Evaluation
of the child helps the teacher to know fully about him. The teacher comes to
have full understanding of the attitude, interest, aptitude of the learner and
then he can guide him properly. Whatever type of guidance is needed by the
learner, the same can be provided by the teacher in right earnest. All this,
therefore, will be of great help to the learner. Moreover, when the teacher
starts understanding his students thoroughly, he gets ample time to think and
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plan and accordingly can provide guidance to the learner for his proper growth
and development in future.

5) Communication Purposes:

Evaluation data may be used for communicating useful information
to the concerned personnel in order to maintain the essential communicational
channel in the process of teaching learning. This serves as a good feedback
to the students by regularly informing them about their progress, both strengths
and weaknesses and level of performance concerning their learning efforts.
Not only this, it will also serve as a sufficient feedback to the teachers as
well in terms of the functionality and effectiveness of their methods and
strategies of teaching.

The outcomes of the evaluation in the form of test scores, grades,
stars, certificates, report cards, comments and remarks of the teachers provide
unique information to the parents about their children. Such information is
quite valuable for the welfare of the child firstly because he may get desired
help and assistance from his parents for his educational progress and
developmental needs and secondly for reinforcing his learning behaviour
and keep him motivating outside the four walls of the school.

Evaluation data provides necessary information to the school
personnels and help them to know regarding the learning potential, abilities,
interests and attitudes of the child.

It also gives information to the school administrators to excercise
proper control over the working of the school.

Evaluation data provides information about working and functioning
of school to the general public. The school’s reputation is generally associated
with the results of the students in board exams.

Evaluation results may also help in fixing responsibilities and
accountability for the poor performance of the students.

148



6)

Planning Purposes:

Evaluation also plays its role in planning various teaching learning

tasks like:

7)

formulating the objectives for organising teaching learning processes.
selecting and organising learning experiences and framing curriculum.

planning various strategies and techniques of teaching learning,
teaching learning aid materials.

planning remedial teaching, individual teaching, group teaching and
special educational programmes.

Decision making purposes:

Evaluation also serves the purpose of taking important decisions

regarding the welfare of the students and thereby improving the process of

education:

Evaluation helps in taking decision regarding grades of the students,
promotion and retention of students, position, rank and merit position
of students for awarding degrees and diplomas .

Evaluation helps in selecting the students to various courses and areas
of studies.

Various curriculuar decisions like continue or discontinue some
particular course of study, methods of instruction, changes required
in instructional objectives or methods of evaluation

Decision can also be taken regarding the guidance need of children
and the ways to impart the guidance.

Decision regarding need of remedial education and it’s ways and means
of providing remedial education

Evaluation also helps in taking various administrative decisions like

rewarding or punishing the child, promoting or dismissing the teacher or

other employees.
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Check your progress - 2
Note : a) Answer the questions given below.
b) Compare your answer with the given at the end of this lesson.

1) As per remedial purpose, evluation helps the and

students in nipping

i1) Evaluation provide to the students and teachers in

the form of appreciation, grades and certificates.

iii) As per planning purpose, evluation helps in planning
group teaching and programmes.

1v) Evaluation help in selecting the students to various
and areas of

7.7 LET US SUM UP

Measurement and evaluation are the terms often used interchangeably,
with little regard for their meanings. Evaluation is the process of making
value judgements about the quality or worth of something- an educational
programme, performance or proficiency of the students. Measurement refers
to observations that can be expressed quantitatively and answers the questions,
“how much”. Evaluation goes beyond the statement of how much, to concern
itself with the question- ““ what value”. It thus includes both the quantitative
description (measurement) and/or qualitative description plus value
judgements. The process of evaluation includes formulation of the objectives,
pre -assessment, development of learning experiences, devising suitable
assessment procedures and using the results to modify the necessary aspects
of entire system.

7.8 LESSON END EXERCISE

Q.1  Defining Evaluation, discuss in detail the various characteristics of

evaluation.
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Q.2 What do you know about old and modern concept of evaluation.

Q.3  Discuss the various purposes of evaluation.

7.9 SUGGESTED FURTHER READINGS

Bhatia, K.K. Foundations of Teaching Learning Process, Tandon

Publications
Kohli, V.K. How to Teach Science
Mangal, S.K. Teaching of Life Sciences, Arya Book Depot

Sachdeva, M.S. 4 New Approach to Teaching Learning Process, Bharat
Book Centre

7.10 ANSWERS TO CHECK YOUR PROGRESS

Answers to check your progress - 1

1) Subject matters oriented - Non scientific.

11) Child — Subject matter

1i1) Learning experience — evluation procedures.
1v) Systematic — scientific

v) End - End.

Answers to check your progress - 2

1) Teachers — The evil in the bud.

i1) Incentives

ii1) Remedial teaching - Special educational

iv) Courses — Studies
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LESSON NO. 8 UNIT - 111
TYPES OF EVALUATION

STRUCTURE
8.1 Introduction
8.2  Objectives
8.3  Types of Evaluation
8.4  Diagnostic Evaluation
8.5  Formative Evaluation
8.5.1 Characteristics of Formative Evaluation
8.5.2 Advantages of Formative Evaluation
8.6  Summative Evaluation
8.6.1 Characteristics of Summative Evaluation
8.6.2 Advantages of Summative Evaluation
8.7 Let Us Sum Up
8.8  Lesson End Exercise
8.9  Suggested Further Readings

8.10 Answers to Check Your Progress

8.1 INTRODUCTION

One of the most important and significant steps in any scheme of
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education is the evaluation of pupil’s achievement. In fact, evaluation is the
pivot of education system.It is the evaluation which gives an idea of what
has actually been achieved at the end of a particular period or stage, as result
of teaching learning experiences provided in the classroom. The fate of a
student depends to large extent on the outcomes of the process of evaluation,
the contents and techniques of teaching and learning, study habits of students,
attitude towards education etc. are all governed by the nature of evaluation.
We know that examinations are necessary but are not necessarily an evil.
Because the results of examinations determine the future of young generation,
these have attracted the attention not only of the students but also of parents,
teachers and other sections of the society. Evaluation,thus, plays important
role in the system of education, firstly by measuring the achievement of
students after specified learning experiences and secondly by stimulating
learning experiences in the right direction. Therefore, we have to make correct
use of right kind of evaluation at right time and right place for the maintenance
of proper educational programmes and further also to improve the techniques
and procedures of education.

8.2 OBJECTIVES

After going through this lesson, you shall be able to:
e classify evaluation into various types,
e state the meaning of diagnostic evaluation,
e explain the characteristics of formative evaluation, and

e enumerate the features of summative evaluation.

8.3 TYPES OF EVALUATION

Let us discuss about the various types of evaluation.

Depending on the basis of timing of evaluation and purpose of
evaluation, Evaluation can be classified into three types viz.

a) Diagnostic Evaluation
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b) Formative Evaluation

¢) Summative Evaluation

8.4 DIAGNOSTIC EVALUATION

Diagnostic Evaluation is usually done in the teaching learning process

in order to find out the specific weakness or strengths of an individual or at
class level. Such evaluation is called for when learning difficulties persist. It
helps to detect the underlying causes of the problems and to formulate a
suitable plan of remedial action. Diagnostic evaluation task may be performed
prior to teaching to help to get information about what the students know
about a certain topic, contents or area of learning which is going to be taught
to them. In this way it may help the teacher to plan his instructional
programmes suitable to the needs, interests and abilities of the students. For
such kind of evaluation, both formal (like pre test, inquiry, questionnaire)
and informal (like observation and discussions) strategies may be used.

As discussed above, diagnostic evaluation does not limit itself to the
pre stage or beginning of the instruction. One can make its use throughout
the delivered lesson or unit of teaching for diagnosing his students’
understanding and interest. When a teacher makes use of this kind of
evaluation in his delivered lesson or unit of teaching, it’s a way to know the
student’s understanding and interest. Making use of evaluation for such
ongoing assessment of the teaching learning outcomes during teaching, pushes
it near to formative teaching or some specially designed remedial teaching
programmes and measures for the students who are diagnosed as suffering
from serious learning problems. Hence main objective of diagnostic
evaluation is to find the nature and causes of persistent learning problems
and to formulate a plan for seeking suitable remedial actions. This, therefore,
helps to design the course and curricula according to the capabilities of the
learner to help him overcome his deficiencies in knowledge, skills and
abilities.
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8.5 FORMATIVE EVALUATION

Formative evaluation is used to know the progress that occurred during

instruction and to provide continuous feedback to both teachers and students.
Feedback given to students reinforce learning success and detect any
shortcoming in learning. On the other hand, the feedback to teachers help
them to improve their mode of instructions and provide remedial work as per
the requirement. The Formative Evaluation thus is a step for improvement of
learning and instructions.

Formative evaluation is concerned with making decisions relating to
development of students as well as of the course. It provides feedback at
appropriate stages of the teaching learning process which helps in making
changes in the curriculum, teaching strategies and learning environment. This
evaluation is conducted well during the teaching learning process. When a
teacher has taught some content or some unit or provided some learning
experiences, he has a need to determine the outcome. Similarly, students
also need to know about their progress in the path of learning. The formative
evaluation helps in this task by providing useful information to both the
teachers and students about the strengths and weaknesses of their teaching
and learning. In the light of this information, they may plan and engage for
the mid course corrections in pace or content and methodology of instruction.

8.5.1 Characteristics of Formative Evaluation
The major characteristics of Formative evaluation can be:
1. It is administered during the course of instruction.

2. It is helpful for the teacher by providing him with qualitative and
quantitative data for bringing necessary modifications in his teaching.

3. It is useful for the students by providing them with the information
about their progress, particularly about what they have yet to learn
before achieving the set objectives.

4. It is informative and closely related to the things being taught.
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10.
11.

12

8.5.2

It is helpful in guiding the students, planning remedial ways and
prompting them to ask for necessary help.

Formative evaluation is done with following purposes:

To monitor students learning for the purpose of providing
individualized instruction.

To evaluate teaching effectiveness.

To evaluate courses and curricula with the purpose of modification,
updating or replacement if necessary.

To evaluate curriculum materials.

To evaluate the learning environment with a view to improve it.

. The Formative evaluation may be carried out both in formal ways

(like check lists, quizzes, question answers, assignments and tests) as
well as informal ways ( like observations, listening to students’
comments and conversations). Further to state that formative
evaluation in no way should be used by the teacher against the students,
just as for making comparison among the students or making a
certifying judgement. The results of such evaluation should not
necessarily appear in any official record.

Advantages of Formative Evaluation:

The main advantages or the major functions of formative evaluation are as

listed below:

1.

3.

The first and major function of formative evaluation is to provide
feedback and guidance to teachers and students.

Formative evaluation make the students aware regarding where and
what kind of corrective and remedial measures are to be taken by
them. Also, it informs the teachers as to what kind of modification or
reform is required to be taken by in his process of instruction.

Formative evaluation helps students in pacing their learning and also
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in remedying the particular gaps in their learning a particular topic or
s specific unit. This makes the process of learning more scheduled
and thereby avoiding overwhelming amount to be learnt before final
summative evaluation.

The entire sequence of learning, in formative evaluation, is broken
down into smaller steps and each step of sequential learning
programme is evaluated. When the whole matter is sequentially
arranged, the student has to masterpiece requisite concepts before
learning principles or solving problems based on those concepts.
Hence, the students can realise how much they have been able to
understand facts, concepts, rules, principles etc.and how much more
is still required to learn so as to achieve the desired goal. Moreover,
mastery of pre requisite units make learning of higher units easier.

When a student learns which items he has got right and which wrong
on the formative test, he will be able to review about which ideas he
still needs to learn. Thus, formative evaluation provides useful
feedback to students by locating their own difficulties. If the analysis
of the causes of difficulties encountered is provided to the learner,
then necessary steps or suggestions can be taken to overcome these
difficulties.

. Various remedial measures can be adopted for correcting the
difficulties and errors detected during formative tests. The remedial
measures adopted by teachers include clearer or simpler explanations,
concrete illustrations, alternative simple instructional materials,
tutorial assistance, special group co-operation etc. which helps the
students to overcome particular difficulty.

One more function of formative evaluation is that it helps to make an
analysis of the errors made by the students, which helps to identify
the facts, principles etc. with which the students are having difficulty.
If major strata, say more than 65 percent students have not been able
to master a particular concept, then this may be regarded as inefficiency
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of the instructional material or instructional process. Teacher can
attempt to reteach that concept using alternative instructional material
and other techniques. Students can seek cooperation of teacher or
more able students to remedy their individual difficulties. Hence, it
can be said that formative evaluation helps the teacher to modify his
instructions.

8. Formative evaluation material can also be used for quality purposes.
If the course is similar in content and objectives, then the performance
of one year may be compared with another.

9. If formative evaluation is implemented properly, all the students can
achieve the desired objectives.

10. The student who is continuously evaluated by formative scheme, there
1s no reason for his failure in the final summative evaluation.

Check Your Progress - 1
Note : a) Answer the questions given below.
b) Compare your answers with the given at the end of this lesson.

1) evaluation is done in teaching learning process to

find out the specific weakness or of an individual.

11) Formative evaluation is used to know the progress that occurred
and to provide continuous

ii1) If formative evaluation is implemented properly, all the students can
achieve the

iv) Purpose of formative evaluation is to evaluate teaching

8.6 SUMMATIVE EVALUATION

Now, let us discuss about Summative Evaluation.

Summative Evaluation is concerned with making judgements about a
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finished product or process. Terminal examinations whether internal or
external are one of the best examples of summative evaluation. Sometimes,
summative evaluation may not necessarily be terminal. Cumulative
assessments undertaken solely for the purposes of selection, promotion,
prediction, recording and other administrative purposes can also be considered
as a series of summative evaluation. In the process of teaching and learning,
summative evaluation is concerned with making judgements, to which extent
the instructional objectives have been achieved. Such evaluation is carried
at the end of instruction or lesson or unit. Therefore it represents a final test
or measure of the student’s progress or gains made by him as a result of a
course of learning. Both formal as well as informal techniques may be used
for conducting such evaluation. The formal techniques include standardised
tests, teacher made tests, questionnaires, interviews, rating scale, work
assignments, projects etc. Among the informal techniques, may include
observations, discussions, comments and feedback given by the students etc.

8.6.1 Characteristics of Summative Evaluation
The various characteristics of summative evaluation can be listed as below:

e Summative Evaluation summarises the final progress of the students
as a result of a course of learning unit or lesson.

e Summative Evaluation is carried out less frequently than formative
evaluation, usually at the end of a unit or course of instruction.

e The results of such evaluation may be safely used for making
comparison among students, placing them in order of merit or taking
decisions about their promotion and awarding degree or diploma. It is
this characteristic of summative evaluation which enables it to be
called as certifying evaluation.

8.6.2 Advantages of Summative Evaluation
Now, let us discuss some advantages of Summative Evaluation:

e The major function of the summative evaluation in the classroom is
to determine the status of achievement at the end of an instruction.
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e Summative evaluation helps to determine how well things went.

e Formal classroom tests, unit tests, final examinations or semester end
examinations etc. are the most frequently used tools in this type of
evaluation.

e Relative to formative evaluation, there is great finality associated with
summative evaluation.

e The information gathered through summative evaluation is less
detailed in nature but broader in scope of content or skills assessed.

Check Your Progress - 2
Note : a) Answer the questions given below.
b) Compare your answers with the given at the end of this lesson.

1) Terminal examination whether internal or external are one of the
best examples of

i1) Summative evaluation is carried out at the end of a unit or

ii1) The major function of the summative evaluation in the classroom is

to determine the status of at the end of an instruction.
1v) Summative evaluation is carried out than formative
evaluation.

8.7 LET US SUM UP

Depending on the timing and purpose, Evaluation may be classified

as diagnostic, formative and summative evaluation. In the process of teaching
learning, diagnostic evaluation is usually done in order to find out the specific
weaknesses and even strengths of the student. This is helpful in designing
the course and curriculum according to the capabilities of the learner to help
them to overcome his deficiencies in knowledge, skills and abilities.
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Formative evaluation helps in making decisions relating to the development
of students as well as of the course. It provides feedback at appropriate stages
of teaching learning process which helps in bringing changes to the
curriculum, teaching strategies and learning environment. Formative
evaluation also helps to know teaching effectiveness, to evaluate curricula
with the purpose of its modification and updation, to evaluate learning
environment with a view to improve it and to monitor student learning for
the purpose of providing individualised instruction. Summative evaluation
is concerned with making judgements at the end of course or teaching process.
Term end examinations, may be internal or external, are the perfect example
of Summative evaluation.

8.8 LESSON END EXCERCISE

Q.1  Classify Evaluation on the basis of its purposes.

Q.2  Write a short note on Diagnostic Evaluation.

Q.3  Describe various characteristics of Formative Evaluation. Also discuss
its advantages.

Q.4 Differentiate Formative Evaluation from Summative Evaluation.

8.9 SUGGESTED FURTHER READINGS

Bhandula, N., Chadha, P.C., Sharma, S. Teaching of Science. Tandon
Publications

Sachdeva,M.S. A New Approach to Teaching Learning Process. New
Academic Publishing Co.

Sawhney, Sandeep Teaching of Bio Science. Vinod Publications
Sharma, R.C. Modern Science Teaching. Dhanpat Rai Publishing Co.

Soni, Anju Teaching of Biology/ Life Science Tandon Publications.
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8.10 ANSWERS TO CHECK YOUR PROGRESS

Answers to check your progress - 1

1) Diagnostic - Strengths

11) During instruction - Feedback.

ii1) Desired objectives iv) Effectiveness.
Answers to Check Your Progress - 2

1) Summative evaluation.

i1) Course of instruction.

111) Achievement 1v) Less frequently

3k %k %k %k 3k %k %k %k %k %k %k %
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LESSON NO. 9 UNIT III

EVALUATION TOOLS IN BIOLOGICAL SCIENCE

STRUCTURE
9.1 Introduction
9.2  Objectives
9.3  Evaluation Tools
9.4  Characteristics of a good tool of Evaluation
9.5 Diagnostic Testing & Remedial Teaching
9.6  Purposes of Diagnostic Tests
9.7  Various Evaluation Techniques
9.7.1 Oral Tests
9.7.2 Quizzes as a mode of Examination
9.8  Written Examinations
9.8.1 Essay Type Tests
9.8.2 Objective Type Examination
9.9 Let Us Sum Up
9.10 Lesson End Exercise
9.11 Suggested Further Readings
9.12 Answers to Check Your Progress
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9.1 INTRODUCTION

Evaluation, as a relatively modern term in the field of education and

educational measurement, is a more comprehensive concept of measurement
than the conventional concept of tests and examinations. In measurement,
the emphasis is on subject matter achievement or specific skills and abilities,
while in evaluation, the emphasis is on broad personality changes and
attainment of major objectives of the educational programme.

In order to test the efficiency of teaching, to judge the general progress
of pupils, to discover their achievements and to evaluate the whole school
programme, we require certain types of tools. These tools are tests and
examinations.In the healthy scheme of education, tests are used to indicate
changes in the syllabi, in methods or in materials, to be used for teaching.
Moreover, these provide to the students and teachers a sort of check and
some sort of incentive to work as tests help in grading and ranking pupils.
These are a help for self correction and self improvement.

Evaluation, as a process tried to get the answers to the questions like
what are we aiming at?, how far have we been able to achieve our ends. The
answers to these questions are achieved by following the steps of evaluation
like defining the objectives, using various evaluative tools, techniques or
instruments in determining the status and change in status, using appropriate
statistical techniques to interpret the findings and recommending various ways
and means to improve the system based on the findings of process of
evaluation.

9.2 OBJECTIVES
After going through this lesson, you shall be able to;

e describe the meaning of the tools of evaluation,
e cxplain the various characteristics of a good tool of evaluation,
e claborate the meaning of diagnostic testing and remedial teaching,

e delineate the purposes of diagnostic tests,
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e explain various techniques of evaluation, and

e explain the advantages and limitations of oral examinations, quizzes,
essay type and objective type tests as evaluation techniques.

9.3 EVALUATION TOOLS

Let us discuss in detail regarding how do we measure evaluation or

what are the tools of evaluation:

The process of evaluation is an appraisal of the changes that occur in
the child as a result of learning experiences provided to him. In order to
make proper appraisal, the evaluator makes use of certain tools which must
be geared to the objectives of education. A ‘tool’ if understood in the context
of some manual operation, is used to give strength and precision to the work
in hand. In evaluation, ‘tools’ are used to facilitate measuring and recording
of the characteristics of students. Evaluation tools are the devices or
techniques and tests that attempt to judge whether the desired changes in
behaviour patterns have taken place and how good the changes are in the
light of the evidences obtained. In addition to tests, the variety of techniques
used in evaluation are rating scales, questionnaires, interviews, check lists
and records, cumulative records etc.

94 CHARACTERISTICS OF A GOOD TOOL OF
EVALUATION

A good tool of evaluation must possess the following characteristics:

e [t should be reliable.

e It should be valid.

e It should be practicable (usability).
e It should be comprehensive.

e [t should ensure fairness to the students with regard to the quality of
content and objectives.
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e It should include items of all dimensions of mind viz. cognitive,
affective and psychomotor.

Let us discuss some characteristics of a good tool of evaluation in
detail:

Reliability: Reliability is the quality of consistency that a tool of evaluation
maintains over a period of time. Whatever it determines, it does so consistently
ie, an evaluation tool should rate the same candidate at the same score even
if he is examined by different examiners at different times. In other words,
reliability depends on the efficiency with which a test measures what it does
measure.

Validity: Validity is that quality of a tool which enables it to determine what
it was designed to determine i.e. test is considered to be valid if it measures
what it claims to measure. “All of what we want it to measure, and nothing
but we want it not to measure”. Validity is concerned with the results of the
test and not to the test itself. Validity is a matter of degree or, we can say a
test to be having high, low or moderate validity.

Objectivity: A good tool of evaluation should be objective is, the examiner’s
personal judgement should not affect the scoring. Through objectivity, a test
gets eliminated of opinion, bias or judgement of the examiner.

Usability: The evaluation procedure should also meet some practical
requirements or, it should be economical from time and money point of view.
It should be easy to administer. It should provide results that can accurately
be interpreted and are applicable. All these practical aspects of an evaluation
procedure relate to usability.

Comprehensiveness: The evaluation tool should be comprehensive ie, it
should cover to s large extent the whole course content and the questions
should be uniformly distributed over the whole syllabus.

Interpretability: The test should be easy to interpret or, the scores of the
test can be interpreted in terms of a common base that has natural or accepted
meaning.
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In brief, s good test has three distinct qualities: reliability, validity, objectivity
and to top these, the test items must be user friendly faced with qualities of
ease and economy ie, easy to get, easy to administer, easy to score and easy
to interpret.

9.5 DIAGNOSTIC TESTING AND REMEDIAL TEACHING

As has been discussed in the previous chapter as well that the

evaluation task which is performed prior to teaching to get information
regarding what and how much the students know about a particular topic or
area of learning, which the teacher is going to teach them is the diagnostic
evaluation. That helps the teacher to plan his teaching keeping in mind the
needs, interests and abilities of the students. Here it does not mean that such
evaluation is limited only to the beginning of the instruction. The teacher
can continue making use of such evaluation through out his teaching for
diagnosing his student’s understanding and interest. This helps the teacher to
implement specifically designed remedial teaching programmes for the
students whose problems have been detected and diagnosed during the
evaluation. This helps the teacher to diagnose the nature and causes of the
persistent learning problems and to formulate some plan for seeking suitable
remedial actions.

At times a teacher may realise that the results of general tests reveal
that some of the objectives of teaching are not being achieved by the pupils,
then Diagnostic tests are used to provide remedial teaching. So, diagnostic
tests are used to find out the difficulties of the pupil’s with a view to provide
specific remedial measures to them.

9.6 PURPOSES OF DIAGNOSTIC TESTS

The various purposes of Diagnostic tests are:

e To study the nature of difficulties of the pupils in the subject matter.

e To find whether or not the students are performing according to the
expectations.
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To analyse the difficulties of the students in a particular phase of the
subject matter.

To get reliable information concerning the weakness of the pupils in
order to overcome them by concentrated action and by remedial
teaching.

Diagnosis can be done by various ways. According to Brueckner, the
various techniques of diagnosis are as below:

Observation of the pupil’s work on ordinary daily assignments or under
standard situations.

Systematic analysis of various characteristics of the pupil’s written
work.

Systematic analysis of the pupil’s oral responses and reactions.

Use of objective analytical diagnostic devices to determine the faults
of the pupils.

Conducting interview either with the pupil, his family members or
others of his social group to locate contributory conditions.

Various laboratory procedures may be applied to locate the problems.
Carrying out Action Research.

This way Diagnostic tests play important role in diagnosing the

problems and organising remedial action by way of the remedial teaching.

The various uses of diagnostic tests may be listed below:

Diagnostic tests act as inventory to find out how much the student
knows about a particular phase of the subject matter.

Diagnostic tests are used to discover and analyse the difficulties of
the students to provide specific remedial measures to remove their
difficulties.

These tests are used to provide appropriate remedial instructions to
the individual students as per their need.
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e Diagnostic tests provide reliable data regarding the abilities, interests
as well as the difficulties experienced by the students.

e Diagnostic tests are mainly used for discovering faults, difficulties,
handicaps and weaknesses of the students.

e Asdiscussed above, diagnostic tests are used to find out the causes of
unsatisfactory achievement and adjustment. After finding out the
causes of weakness, it is the duty of the teacher to remove them. This
process of correction is done by Remedial Teaching. The teacher should
keep the following points in mind while constructing diagnostic tests:

e Individual differences of the students in their studies should be kept
in mind while constructing any diagnostic test.

e The teacher should select the various items of the test while keeping
in mind the varying abilities of the students.

e The age of students, class and their maturity level should also be kept
in mind while constructing a diagnostic test.

e A pilot study is always beneficial before giving a final shape to the
diagnostic test.

Check Your Progress - 1
Note : a) Answer the questions given below.
b) Compare your answers with the given at the end of this lesson.
i) A testis considered to be valid if it measures what it

i1) A good test has three qualities : reliability, validity and

ii1) Diagnostic tests are used to provide tea ching.
iv) Diagnosis can be done by carrying out research.
vy differences of the students should be kept in mind while

constructing and diagnostic test.
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9.7 VARIOUS EVALUATION TECHNIQUES

9.7.1 Oral Tests:

Oral Tests, also known as Viva Voce examination, are based on oral
communication between examiner and the examinee. Here, in general, oral
questions are put to the students for being responded by them in oral form.
Besides question answers, other verbal communications and dialogue
techniques like interviews, quizzes, group discussions, panel discussions,
debates and declamation contests, symposia etc. may also be used for
evaluating students’ abilities and learning potential in oral form.

Oral examinations are popular not only in lower classes but also for
higher classes, may it be at Polytechnics, graduation or post graduation
examinations. The team of examiners sit and the students appear before the
examining committee one by one. The team put all types of questions to the
students orally. On the basis of overall performance of the students, the
committee was s whole gives marks. This type of oral examination is of
immense value in subjects like language where pronunciation and spoken
language of the students need to be evaluated. This helps the examining
authorities in knowing how far a student of that language has acquired mystery
over spoken language. Viva Voce examination are also held supplementing
the practical examinations of various Science subjects. The Viva Voce
examination is also common for the evaluation of project work at MA, M.Phil.
and Ph.D. level.

Advantages of Oral Examinations:

e Oral examination ensures personal contact of examiners with the
candidates.

e [t gives opportunity to take mitigating circumstances into account.

e There is flexibility in moving from candidates strong points to weak
areas.

e This requires the candidate to formulate his own replies without clues.
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e Oral exam give an opportunity to the examiner to test depth and breadth
of candidates thinking process and logic of arguments.

Limitations of Oral Examinations:

e Oral examination lack standardisation.

e These lack objectivity and reproducibility of results.

e Oral exam promote favouritism.

e These suffer from undue influence of irrelevant factors.

e There is shortage of trained examiners to administer the exam.
9.7.2 Quizzes as a mode of Examination:

A quiz is a form of game or mind sport, an attempt to answer questions
correctly. It is a kind of game to test the knowledge of the pupils about a
particular topic or of a particular subject. It may be used by the teachers to
assess the growth in knowledge, abilities and skills. While the teachers want
to encourage a love for learning, many students focus only on learning what
they know they will be tested on. By bringing quizzes into the classroom,
teachers encourage the students to pay attention to all the materials being
taught in the class.

Quizzes help students identify what they know and what they do not
know. This way the students get an idea of how well they are grasping the
materials. In a way, this motivates the students to study more and helping
them allocate their study time effectively by focusing on the information
that still needs more practice.. While practicing quizzes, students do critical
thinking and also go for the habit of innovative learning. Thus, quizzes
integrate the game mechanics into the learning process, and help students
understand the weaker areas with instant feedback.

We can also say that quiz functions throughout the as an informative
feedback device allowing both the instructor and the students to see where
they are excelling or need more focus.
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9.8 WRITTEN EXAMINATIONS: ESSAY TYPE TESTS
AND OBJECTIVE TYPE TESTS

Written examinations are generally of formal type of examination.

Such tests require the use of writing materials like paper and pencil from the
examiner and the examiners. At the time of written examination, all types of
formalities are observed. Question papers are got printed by the examining
authorities, datesheets are announced, seating arrangements are made and
then the students appear in the written examination as per the schedule of the
date sheet. Students get test questions through written media ie, question
papers and are required to give their responses on the supplied answer sheet
or on the question paper itself in the written form. The scoring and
interpretation of these answer sheets or written responses thus becomes a
basis for evaluation to the teaching learning outcomes, performance and
abilities of the students. Written tests are the most frequently and popularly
used evaluation techniques. The questions framed in the written tests are
usually of three types viz. Essay type, Short answer type and Objective type.

9.8.1 Essay Type Tests:

Essay Type Tests is a written test, may be teacher made or standardised.
These are characterised with their demand from the students to respond by
providing quite lengthy, descriptive, detailed and elaborate answers. The
answers given by students are so lengthy and descriptive that these might
look like essays on the related subjects. Students are at liberty to respond to
the presented questions in a way they like. Hence, we can say that essay type
questions are subjective and of descriptive nature.

While evaluating the answers to the essay type questions, there are
chances of prejudice, bias and subjectivity on the part of examiner. He gives
them marks as per his whims. A question not considered good by the students,
may be liked most by the examiner and vice versa.

The so called essay type examination, also known as traditional
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examinations have been in vogue in India for over a century. These type of
examinations have been appreciated because of the freedom of response it
allows. It is the test of examiner’s approach to the problem, organisation and
application of his knowledge and how he is able to relate one branch of
knowledge to another. It usually directs attention to and places emphasis on
a larger segment of the subject, or an integrated total unit. It gives the students
a chance to create a new approach to the problem as it requires the student to
express his ideas in writing.

At the same time, essay type of examinations suffer from the various
limitations like:

These are not considered to be a valid tool of measurement, as it does
not measure what it claims to measure as many other irrelevant factors like
hand writing, quality of spellings, language used too play an important role
in evaluation of essay type examination.

C.S. Ross has said in this regard “ The essay type examination over
rate the importance of knowing how to say a thing and under rate the
importance of having some thing to say”

Moreover, essay type examinations are less reliable, less
comprehensive and fail to realise the aims of education. These encourage
the students to develop undesirable study habits while encourage the teachers
to practice wrong methods of teaching. The essay type examination measure
only the intellectual or academic aspect of personality

9.8.2 Objective Type Examinations:

The objective type questions set in an examination represent those
type of questions which can be responded by just writing one or two words
or numerals, filling up the blank or choosing one out of the multiple given
responses etc. The answer or answers to such questions are one and the same
and therefore do not vary from examinee to examinee. Hence an objective
type question means a pin pointed where the examiner wants one set of answer.
It is of objective type because here no subjectivity of any type is involved.
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The student writes the answer very objectively and the examiner also has to
give marks very objectively. None of the two has any liberty or freedom in
writing answers or in marking them. That’s why the interpretation and scoring
of objective type examination is quite objective, reliable and valid. On account
of requiring too less time for responding and writing the responses, a sufficient
number of questions may be set in a given paper and this characteristic makes
them more comprehensive and useful for serving evaluation purpose in a

more effective way.

Setting up objective type questions for the examination is an uphill
task for the paper setter. On the other hand, as far as the student is concerned,
he has to prepare the syllabus very thoroughly and keep the answers readily
available in his/ her mind. Attempting answers to this type of questions whose
number is quite large, soon makes him feel exhausted.

The use of objective type questions is perhaps the latest trend for testing
the abilities of a student. In most of the competitive examinations, tests of
this type are very popular.

The good points of objective type tests can be summarised as below:

e These are more valid and reliable measures of achievement than
traditional essay type examination.

e These are more easily and objectively scored as it completely
eliminates the possibility of personal likes or dislikes, mood of the
examiner.

e These can be scored mechanically with computer machines.
e These are more comprehensive yet less time consuming.

e There are various objective type techniques for evaluation like True
False type, fill in the blanks, multiple choice type, matching type,
alternate response type, free response type, rating scales,
questionnaires, interview and observation.

e The objective type tests suffer from certain demerits as well:
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e Many times the students try to write the answers by mere guess work.
e Setting up of the papers is a cumbersome job.
e These type of questions make the examiner feel exhausted.

e These require the students to prepare thoroughly and many students
are not in the habit of preparing thoroughly. Such students feel
disgusted.

Check Your Progress - 2
Note : a) Answer the questions given below.
b) Compare your answers with the given at the end of this lesson.

i) Oral examination lack

i1) is a kind of game to test the knowledge of the students

about a particular topic.

1i1) The questions framed in the written tests are usually essay type,

and objective type.

iv) Objective type tests can be scored mechanically with

v) Oral tests, are also known as examination.

9.9 LET US SUM UP

In the system of education, there is an imperative need to take

evaluation as an integral part of the teaching learning process and to make
testing comprehensive by taking care of all the three domains- cognitive,
affective and psychomotor for all round development of the students. The
evaluation must be continuous and comprehensive. The assessment of learning
outcomes is regarded as a means of evaluating not only the status of learners
but also the instructional programme with a view to increase its effectiveness.
For selecting a good tool of evaluation, an expertise is required on the part of
the teacher. A number of factors are required to be taken into consideration.
For instance, what is the purpose and objective of evaluation, the level of
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students, whether qualitative or quantitative aspects are to be evaluated.

Accordingly the tools for evaluation will be selected. A good measuring tool

is ¢

haracterized by validity, reliability, objectivity and usability.

9.10 LESSON END EXERCISE

Q.1

What is diagnostic testing. How far do you agree that diagnostic testing
paves the way for remedial teaching.

Q.2 Discuss in detail the characteristics of a good tool of evaluation.

Q.3  Describe quizzes as a means of evaluation.

Q.4  Which type of examination techniques would you prefer- Essay Type

or Objective Type examination to evaluate students at secondary level.

9.11 SUGGESTED FURTHER READINGS

Chhikara, M.S. & Sharma, S. Teaching of Biology (Life Sciences) Parkash
Brothers

Mangal, S.K. Teaching of Life Sciences Arya Book Depot
Sachdeva, M.S. Teaching Learning Process Vinod Publications
Sharma, R.C. Modern Science Teaching. DhanpatRai Publishing Co
Walia, J.S. Teaching Learning Process Paul Publishers

9.1

2 ANSWERS TO CHECK YOUR PROGRESS

Answers to check your progress - 1

1) Claims to measure 1) Objectivity

111) Remedial 1v) Action v) Individual
Answer to check your progress - 2

1) Standardisation i1) Quizz

ii1) Short answer type iv) Computer machine v) Viva Voce

3k 3k 3k 3k 3k %k %k %k %k %k %k %k k ok
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LESSON NO. 10 UNIT-1V

TISSUES: TYPES AND FUNCTIONS OF PLANT AND
ANIMAL TISSUE

STRUCTURE
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10.3.2 Permanent Tissue
10.3.2.1 Simple Permanent Tissue
10.3.2.2 Complex Permanent Tissues
10.4 Types of Animal Tissues
10.4.1 Epithelial Tissue
10.4.2 Muscular Tissue
10.4.3 Connective Tissue
10.4.4 Nervous Tissue
10.5 Let Us Sum Up
10.6 Lesson End Exercise
10.7 Suggested Further Readings
10.8 Answer to Check Your Progress

177



10.1 INTRODUCTION

Cells are the structural and functional units of plants as well as animals.

In unicellular organisms, a single cell performs all the basic life activities.
However, cells of multicellular organisms show division of labour. For
example, in human beings, movement is caused by muscles and messages
are carried by neurons and in plants, phloem conducts food while xylem
conducts water. Various metabolic activities are performed by different group
of cells. Each such group of cells forms a tissue. A group of cells similar in
structure that work together to perform a particular function forms a tissue.

e The term tissue was coined by Marie Francois Xavier Bichat (1771-
1802).

e The term was already coined by N. Grew (1682) in connection with
plant anatomy.

e The study of tissues is called histology.

10.2 OBJECTIVES
After going through this lesson, you shall be able to:

e describe different types of plant tissues,
e explain different types of animal tissues, and

e bring out the difference or differentiate between plant tissues and
animal tissues.

10.3 TYPES OF PLANT TISSUES

A group of cells having a common origin and co-operating with one

another to perform a similar function is known as tissue.
Types of Plant Tissues

Based on the capacity to divide, the plant tissues have been classified
into two fundamental types, meristematic tissues and permanent tissues.
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Plant tissue
|
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| Collenchyma I I Emidermis I I Cork I

10.3.1 Meristematic Tissue

Meristematic tissue divides throughout life and is responsible for growth of
the plant.

Characteristics:
» Small, undifferentiated, thin walled
No intercellular spaces
Nucleus is prominent and centrally located
Cytoplasm is dense
Few small or no vacuoles

They are living

vV V VYV VYV VY VY

Divide throughout life
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Apical meristem

Intercalary meristem

Lateral meristem

1. Apical meristem:
e Present at root apex, shoot apex and at apices of leaves.

e Responsible for increase in height of the plant and elongation of root
and stem.

2. Intercalary meristem:

e Located at the base of leaves or internodes.

e Responsible for increase in the length of the organ.
3. Lateral meristem:

e Found beneath the bark and in the vascular bundles of dicot roots and
stems.

e Responsible for increase in girth of the plant.

10.3.2 Permanent Tissue

Permanent tissues are derived from meristematic tissues once they
lose the ability to divide.

Characterisitics:
e Differentiated, with large central vacuole

e Nucleus is located in periphery
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e Cell wall may be thin or thick
e Intercellular spaces are present
e Do not divide

10.3.2(1) Simple Permanent Tissue : A simple permanent tissue is made up
of similar permanent cells that carry out the same function or similar set of
function.

Simple permanent tissues are of two types-supportive and protective
Supportive

Supportive tissues are of three types- parenchyma, collenchyma and
sclerenchyma.

1) Parenchyma

Characteristics:
e Parenchyma cells are living.
e They are oval, round, polygonal or elongated in shape
e Cell wall is thin

e Intercellular spaces are abundant

Nucleus

Cytoplasm layer
Shape is round

Vacuole is large

Intercellular spaces

Parenchyma

Location:

e Present in all soft parts of plant.
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Functions:

2)

Serves as packaging tissue
Provides turgidity to the plant
Serves as food storage tissue

Helps in transportation of materials
They are metabolically active
Stores waste products

If chloroplast is present, it is called chlolenchyma and helps in
photosynthesis

If large air cavities are present, it is called aerenchymaand provides
buoyancy to plants

Collenchyma

Characteristics:

They are living cells
Irregularly thickened at corners
Thickening is due to pectin

Elongated in shape

No intercellular spaces

Collenchyma
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Location:

» Present beneath the epidermis of stem and petiole.

> It is absent in monocot stems.
Functions:
» Provides mechanical support

» Provides flexibility

» May help in manufacturing sugar and starch

3)

Characteristics:

Sclerenchyma

» They are dead cells

» They are devoid of protoplasm
» Cell wall is thickened

» Thickening is due to lignin

» No intercellular spaces

Sclerenchyma

Simple
pit pair

Transverse section

Narrow lumen

-Lignified
thick wall

Longitudinal section
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Location:

» They are found in stems, roots, leaves and in hard coverings of seeds
and nuts

Function:
» Provide rigidity to the plant
» Make the plant flexible
» Render mechanical support
» Provide elasticity to the plant

Protective Tissue : Those tissues present in the outermost layer of the plant
parts such as roots, and leaves. They prevent mechanical injury and infection
in plants.

There are two kinds of protective tissues- epidermis and cork.

1. Epidermis:
Characteristics:

» It is one cell thick and is covered with cuticle

» Cells are elongated and flattened

» No intercellular spaces
Location:

» Present in the outermost layer of the plant
Functions:

» Protects the plant from desiccation and infection.

» Cuticle helps to reduce water loss.

» Helps in preventing the entry of pathogen.
2. Cork:

» Cork cambium replaces epidermis in older plants

» It is made up of single type of cells with vacuolated protoplasm
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It gives off cells on both sides, forming cork

Cells of cork are dead, without any intercellular spaces
It is protective in nature.

Prevents desiccation, infection and mechanical injury
It is light and doesn’t catch fire easily.

These properties render it commercial importance

vV V V V VYV V VY

It is used as insulators, shock absorbers, in making of sports goods
etc.

Check Your Progress-1
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. Where is apical meristem present?

Q2. Enlist different types of supportive tissues?

Q3. Where is sclerenchyma located?

10.3.2(2) Complex Permanent Tissues : They are permanent tissues which
contain more than one type of cells. All the types of cells of a complex tissue
work as a unit.

They are of two types- xylem and phloem.
Xylem
» It is also known as wood.
» It has 4 components- tracheids, vessels, xylem parenchyma and xylem

fibre.
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» Out of these 4, only xylem parenchyma is living

» Its main function is to conduct water and minerals

» It also provides mechanical support to the plant
Phloem

» It is also known as bast.

» It has 5 components- sieve tubes, companion cells, phloem
parenchyma, phloem fibre and sieve cells

» Except for phloem fibre, phloem cells are living

» It conducts photo synthetically prepared food to all parts of the plants

XYLERM PHLOERM

sieve  ripre

perforation
plates

tracheids companion

cell

vessel
member

sieve element

_ U

Check Your Progress-2

Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. What is the other name for xylem?
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Q2. What are the components of phloem?

Q3. Write the components of xylem?

Q4. Which part of phloem is dead?

10.4 TYPES OF ANIMAL TISSUES

Animal tissues

V

Epithelial tissue Muscular tissue Connective tissue Nervous tissue
|
Squamous Columnar Striated Cardiac
Cuboidal Glandular Smooth
Blood Tendon Areolar Bone
Lymuh Ligament Adipose Cartilage
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10.4.1 Epithelial Tissue

>

YV V VY V

It is the covering tissue, protective in nature.

It separates different organ systems.

Cells are tightly packed and form a continuous sheet.
The cells have a small amount of cementing material.

Anything entering or leaving the body must cross at least one layer of
epithelium.

Epithelial tissue is of 4 types- squamous, cuboidal, columnar and
glandular.

Simple squamous Simple cuboidal Simple columnar

Basement membrane

Squamous epithelium:

>

>
>
>

It is also known as pavement epithelium.
Cells are thin and flat.
Nucleus is oval and lies at the base of the cell.

In skin, it is in many layers in order to prevent wear and tear and here
it is called stratified squamous epithelium.

Present in lining of the mouth, the oesophagus, lung alveoli, skin and
blood vessels.
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>
>

Protects from mechanical injury, germs and chemicals.

Helps in exchange of gases, secretion of fluid.

Columnar epithelium

>
>
>

>
>
>

Cells are tall, columnar, pillar shaped
Nucleus is towards the base

When it has cilia for movement of substances, it is called
ciliatedepithelium.

Present in stomach, lining of intestine, respiratory path, oviducts.
Takes part in absorption, secretion and protective covering.

Cilia help in movement of substances.

Cuboidal epithelium

>
>
>

Cells are cube shaped
Present in lining of kidney, lining of salivary glands

Providing mechanical support

Glandular epithelium

>
>

>

>

They are specialized epithelium cells

At times, epithelium tissue folds inwards and a multicellular gland is
formed

Present in lining of glands like gastric glands, sweat glands, salivary
glands, liver, tear glands

They secrete chemicals at the epithelial surface

10.4.2 Musculr Tissue

It consists of elongated cells called muscle fibres. This tissue is

responsible for movement in our body. Muscles contain special proteins called

contractile proteins, which contract and relax to cause movement.
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Striated muscles:

> Also called skeletal muscles

» Mostly attached to bones and help in body movement
» Voluntary in nature
» Show light and dark bands when stained
» Cells are long, cylindrical, unbranched and multinucleate
» Nucleus is peripheral
» Located in limbs, hands, face, neck and tongue
Smooth
Cardiac Tuscle
muscle IsSue
Skeletal e aiia
muscle
tissue 4 E ™
— —j Cardiac muscle :3::::
St == fiber(cell fiber (cell
= Muscle = Nucleus §
fiber = S i 4 Nucleus
(cell) = === Striation
—] — 5 E Intercalated disc e
= Nucleus = — £
—F—4—5— Striation - g f

Smooth muscles:
» Also called visceral muscles
» Light and dark bands are absent
» Involuntary in nature

» Cells are spindle shaped, uninucleate
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» Nucleus is in the centre

» Located in walls of alimentary canal, blood vessels, iris, bronchi etc.
Cardiac muscles:

» These contract and relax rhythmically throughout life

» Involuntary in nature

» Cylindrical, branched and uninucleate

» Located in walls of heart

Check your progress-3
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. Enlist 4 different types of animal tissues?

Q2. Where is stratified squamous located?

Q3. What is the other name for smooth muscles?

10.4.3 Connective Tissue

This dense tissue is the body’s ‘glue’, filling the space between other tissues
and organs and binding them together. Connective tissue is of 8 types

-Areolar -Blood
-Adipose -Lymph
-Bone -Tendon
-Cartilage -Ligament
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Areolar tissue:

Fibroblast —

Collagen |
fibres

>
>

Macro-_|
phage

Loose and cellular connective tissue
Matrix consists of white collagen fibres and yellow elastin fibres

It joins skin to muscles, fills spaces inside organs and is found around
muscles, blood vessels and nerves

Acts as supporting and packing tissue between organs lying in the
body cavity

Helps in repair of tissues after injury

Helps in combating foreign toxins

Adipose tissue:

>

They are basically an aggregation of adipocytes
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Bone:

>
>
>
>
>

Rounded or oval in shape and contains a large droplet of fat that almost
fills it

Fat cells are arranged into lobules separated by collagen and elastin
fibres

It is abundant below the skin, between the internal organs and in yellow
bone marrow

Serves as fat reservoir

Provides shape to the body

Keeps visceral organs in position

Acts as an insulator

Bone cells in

lacunae
Central cana

Lacunae

Lamella

Strong and non-flexible

Porous, highly vascular, mineralized, hard and rigid

It is made up of proteins

The matrix is in the form of thin concentric rings, called lamellae

Osteocytes are present between the lamellae in fluid-filled spaces
called lacunae
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>
>
>

All lacunae of the bone communicate with each other by a network of
fine canals called canaliculi

Bone forms the endoskeleton in human beings and other vertebrates
except shark

It provides shape to the body and protect vital body organs
It provides skeletal support to body and anchors the muscles

It serve as storage site of calcium and phosphate

Cartilage:

A\

YV V VY

>

CARTILAGE
CAPSULES L—PERICHONDAIUM
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Compact and less vascular
Has widely spaced out cells

Its matrix, produced and maintained by chondrocytes is made up of
proteins, and is slightly hardened by calcium salts

Capable of continuous and rapid growth
Located in ear pinna, nose tip, end of long bones
Provides support and flexibility

Smoothens surface at joints

Blood:

>
>

Fluid connective tissue

Liquid matrix called blood plasma

194



vV V VY

>

It has 3 types of cells, called blood corpuscles- erythrocytes(RBCs),
leucocytes(WBCs), thrombocytes(platelets)

Transports nutrients, hormones and vitamins to the tissues
RBCs carry oxygen to tissues for oxidation of food stuff
WBCs release antibodies for fighting diseases

Platelets disintegrate at the site of injury and help in clotting of blood

Lymph:

>
>
>
>

>
>

Colourless fluid that is filtered out of the capillaries
Composition similar to blood
No RBCs, WBCs found in abundance

Transports nutrients that may have filtered out of the blood capillaries
back to the heart

Brings CO, and nitrogenous wastes from tissue fluid to blood

Forms the defence system of the body

Tendon:

>
>
>

Cord-like, strong, inelastic
Join skeletal muscles to bones

Made up of white collagen fibres

Ligament:

>
>
>
>

Elastic, strong
Joins bones to bones
Made of both white collagen and yellow elastin fibres

Excessive pulling of ligaments can cause sprains

10.4.4 Nervous Tissue

>

Made up of bundles of nerve cells called neurons
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» Specialized to transmit messages in our body in the form of impulses

STRUCTURE OF NEURON

Cell body [Cyton]

Nucleus

Nerve
ending

A neuron has following three parts-
+»+ Cyton: it contains a central nucleus and cytoplasm
¢ Dendrons: they are short processes arising from Cyton and further

branching into dendrites that receive impulses

*» Axon: it is a single, long cylindrical process that forms branches
terminally. Each branch of axon ends in a swollen structure called a
synaptic knob.

Synapse The neurons connect with each other at Junctions called synapses.
To cross the Synapse, electric signals change into chemical. signals with the
help of neurotransmitters
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Check Your Progress-4

Note: (a) Answer the questions given below.

Q1. Name the basic unit of nervous tissue.

Q2. Make a list of all types of connective tissue.

Q3. Write the components of blood.

(b) Compare your answers with those given at the end of this lesson.

10.5 LET US SUM UP

A group of cells similar in structure that work together to perform a

particular function forms a tissue. The study of tissues is called histology.

There are two types of plant tissues called as meristematic tissue and

permanent tissue and four types of animal tissues known as epithelial tissue,

muscular tissue, connective tissue, nervous tissue.

10.6 LESSON END EXERCISE

Ql.
Q2.
Q3.
Q4.
Qs.
Q6.
Q7.
Q8.

Define tissue.

Who coined the term tissue?

What is meant by division of labour in relation to tissues?
List types of meristematic tissues.

What are the characteristics of meristematic tissue?

List the characters of permanent tissues.

Where is parenchyma located?

What are the functions of collenchyma?
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Q9. Write a short note on epidermis?

Q10. What are the uses of cork?

Q11. What are the functions of xylem and phloem?
Q12. What are the functions of cardiac muscles?

Q13. What are the functions of bone?

Q14. What happens when a ligament is overstretched?
Q15. What is the function of glandular epithelium?
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10.8 ANSWER TO CHECK YOUR PROGRESS
Check Your Progress-1

1. Apical Meristem Present at root apex, shoot apex and at apices of
leaves.

2. Supportive tissues are of three types- parenchyma, collenchyma and
sclerenchyma.

3. Sclerenchyma tissues are found in stems, roots, leaves and in hard
coverings of seeds and nuts

Check Your Progress-2
1. Xylem is also known as wood

2. Phloem has 5 components- sieve tubes, companion cells, phloem
parenchyma, phloem fibre and sieve cells

3. Xylem has 4 components- tracheids, vessels, xylem parenchyma and
xylem fibre.

4. Phloem fibre is dead
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Check Your Progress-3

1. Types of animal tissues are: epithelial tissue, muscular tissue,
connective tissue, nervous tissue

2. Stratified squamous is located in skin

3. Smooth muscles are also called visceral muscles

Check Your Progress -4
1. Basic unit of nervous tissue is neuron

2. Connective tissue is of 8 types: Areolar, Adipose, Blood, Lymph, Bone,
Tendon, Cartilage, Ligament

3. Blood has 3 types of cells, called blood corpuscles- erythrocytes
(RBCs), leucocytes (WBCs), thrombocytes (platelets)

s ok ok sk s ok ok sk skoskok
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LESSON NO.11
ORGAN SYSTEM IN PLANTS AND ANIMALS

UNIT -1V

STRUCTURE

11.1
11.2
11.3
11.4
11.5
11.6

11.7
11.8

11.9

11.10
11.11
11.12
11.13

Introduction

Objectives

Organs and Organ System in Plants

Organs and Organ System in Animals

Meaning of Organ
Integumentary System
11.6.1 Skin

11.6.2 Hair

11.6.3 Nail

Skeletal System
Muscular System
11.8.1 Types of Muscles
Nervous System
Cardiovascular System
Lymphatic System
Immune System

Respiratory System
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11.14
11.15
11.16

11.17
11.18
11.19
11.20
11.21

Digestive System

Urinary System

Reproductive System

11.16.1 Female Reproductive System
11.16.2 Male Reproductive System
Endocrine System

Let Us Sum Up

Lesson End Exercises

Suggested Further Readings

Answers to Check Your Progress

11.1

INTRODUCTION

organelles and organelles are made up of molecules and molecules are made

The basic functional unit of life is cell. A cell is made up of various

up of still smaller units; atoms

>

>

In unicellular organisms a single cell is capable of performing all the

functions of a living organism.

But in multicellular organisms, cells of the same type group together
to form a tissue, which perform a particular function.

Different kinds of tissues combine to make larger functional units
called organs. Each organ work like a machine performing its own

role.

Organs ofbody are linked together to form organ systems.

All the systems of the body worksimultaneously and contribute towards
the working of a living organism as a whole.
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11.2 OBJECTIVES

A-fter going through this lesson, you shall be able to:

e describe the meaning of organ and organ system,
e name the various organs of plants,
e delineate the various organs of animals, and

e discuss different organ systems of plants and animals.

11.3 ORGANS AND ORGAN SYSTEMS IN PLANTS

» In unicellular plants a single cell has the ability to perform all life

processes like-
Photosynthesis, respiration, circulation, excretion etc.

» In multicellular and complex plants different types of cells unite to
form tissues e.g. xylem, phloem etc.

» The tissues form organs like root, stem, leaf etc.
e Root, stem and leaf are vegetative organs of a plant
e Flower and fruit are the reproductive organs of a plant

» These organs combine to form organ systems. The plants have two
distinct organ systems.

e Shoot system

e Root system

11.4 ORGANS AND ORGAN SYSTEMS IN ANIMALS

In unicellular animals e.g. Amoeba or Paramecium, a single cell is

capable of performing all the functions of a living organism like-
- Digestion
- Respiration

- Transport
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- Excretion etc.

But in multicellular animals, cells of the same type group together to
form a tissue, which perform particular function. Different kinds of tissues
combine to make larger functional units called organs.

11.5 MEANING OF ORGAN

An organ is a group of tissues with similar functions. It is a fully

differentiated structural and functional unit in an animal that is specialized
for some particular function. Each organ works like a machine performing
its own role.

Two types of organs in an organism

External organs — An organ that is situated on or near the surface of the
body is an external organ e.g. skin, eyes, nose, ears etc.

Internal organs- An organ that is situated inside the body is an internal organ
e.g. Brain, lungs, heart, liver, stomach, intestines, pancreas, etc.

Both external and internal organs make systems called organ systems.
There are 12 organ systems in human body

» Integumentary system
» Muscular system

» Skeletal system

» Nervous system

» Cardiovascular system
» Lymphatic system

» Immune system

» Respiratory system

» Digestive system

» Urinary system
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» Reproductive system
» Endocrine system

e Human could not survive without all of the body systems. The
systems communicate continually by passing the instructions to
each other, so the body works as one.

e Body systems are interdependent, which means they rely on each
other to function.

e Some organs belong to more than one system-the pancreas plays a
role in digestion but also releases hormones, so it belongs to both
the digestive and endocrine system.

e Every single part of human body is connected to the central nervous
system

11.6 INTEGUMENTARY SYSTEM

Integumentary system is thesystem that extends over the entire surface
of the body. It consists of skin, hair and nails.

11.6.1 Skin

Hair shaft

Epidermis—:z,’, -
Dermis— o { ) Y« Oil gland

Lymph vessel

Nerve
Subcutaneous-|
tissue

-

A

Hair follicle Fatty tissue

Sweat gland
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It is the largest organ of the body, wrapping it in a waterproof and

germproof barrier.

The skin is continuous with mucous membrane lining the eyelids, nasal

chambers, buccal cavity, rectum and urogenital ducts.
The skin is composed of two tissues

Epidermis- it is outer and non-vascular. Epidermis is a stratified
epithelium i.e. it consists of many layers of cells, derived from

ectoderm of the embryo.

Dermis- It lies beneath the epidermis. It is formed of connective tissue
of mesodermal origin. It contains blood vessels, nerve fibers, receptors

and smooth muscle fibers.

It performs a variety of functions

-It protects internal organs from mechanical injury
-It helps in maintaining the shape of the body

-It checks the entry of microorganisms and absorption of poisonous
materials coming in contact with it

-It removes excess of water and salts from the blood through agency
of sweat glands

-It regulates body temperature

-It is also capable of forming vitamin D in the presence of sunlight

11.6.2 Hair

Human skin is almost entirely covered with hair for protection and
warmth.

The hair develops entirely from the epidermis. Each hair grows out of
a deep, narrow shaft called a follicle.
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The part of the hair that lies in the follicle is termed as the root and the
part that projects out of the skin is called the shaft.

The hair forms an insulating coat, provide colour to the body and
prevent water from penetrating to the skin.

Hair plays an important role in keeping the temperature at a safe and
comfortable level.

11.6.3 Nail

Nails are hard plates of dead cells that protect the ends of fingers and
toes.
They help to grip and pick things up.

New cells grow in the root of the nail, and as these cells move forward,
they harden and die. It takes about six months for cells to move from
the base of the nail to the tip.

11.7

SKELETAL SYSTEM

The human skeletal system is constructed from 206 bones; together
these bones create a framework that is strong but light.

Skeleton can be divided into two parts.

-The axial skeleton

-The appendicular skeleton

®,®
Appendicular Skeleton . Axial Skeleton
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The axial skeleton forms a central core that supports the upper body
and protects important organs. It is made up of the 80 bones of the

skull, vertebral column, ribs and breast bone.

The appendicular skeleton consists of arm and leg bones and the bony

girdles that connect them to the axial skeleton. This consists of the
126 bones of the upper and the lower limbs, and the shoulder and hip
girdle.

The skeletal system shapes and supports the body, allows it to move
and protects internal organs

Check Your Progress-1

Note: (a) Answer the questions given below.

(b) Compare your answers with those given at the end of this lesson.

Q1. Group of tissues with similar functions is known as

Q2. Skin is composed of two tissues namely and
Q3. How many bones are present in human skeletal system

11.8 MUSCULAR SYSTEM

Every single movement that human body makes is produced by the

muscular system.

Muscle tissue is made of long cells called fibers, which use energy to
contract and shorten, pulling different parts of the body into position.

11.8.1 Types of Muscles

Skeletal muscles

Smooth muscles

Cardiac muscles
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Skeletal muscles: The bones are mostly covered with skeletal muscles,
which create movement by pulling on the bones. These are voluntary

muscles, which mean these muscles are in our control.

Smooth muscles: The smooth muscle is found in all the visceral organs
e.g. stomach, intestines, urinary bladder, uterus etc. these muscles work
automatically, to keep vital body functions working, hence are

involuntary in nature.

Cardiac muscles: The walls of the heart are formed of cardiac muscles.
The cardiac muscle causes the heart to beat nonstop throughout a

lifetime. Cardiac muscle never gets tired, unlike other types of muscles.

11.9

NERVOUS SYSTEM

The brain and the spinal cord (the mass of nerves running down the

backbone) make up the Central Nervous System.
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e The nervous system works like a high speed internet, sending electrical
signals at great speed through nerve cells called neurons.

Structure of Neuron:

Cell body [Cyton]

Dendrite

Nucleus

Nerve
ending

A neuron has following three parts-
+ Cyton: it contains a central nucleus and cytoplasm

¢ Dendrons: they are short processes arising from Cyton and further

branching into dendrites that receive impulses

¢ Axon: it is a single, long cylindrical process that forms branches
terminally. Each branch of axon ends in a swollen structure called a

synaptic knob.

¢ Sensory nerves send signals to the brain from sense receptors all over

the body.
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*» Motor nerves going in the opposite direction, send signals from the

brain, telling the muscles to move.

++» Mixed nerves function to transmit motor and sensory information.

11.10 CARDIOVASCULAR SYSTEM

e The cardiovascular, circulatory system is the body’s blood transport

network.

e Together, the heart, blood and intricate network of hollow tubes called

blood vessels make up the circulatory system.

e The heart beats constantly to pump blood through the vessels to every

part of the body.

e Human heart shows double circulation

BMood wesaeh {

cotaining hoaod
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in one complete cycle of the body is called double circulation. The
blood follows two routes — one for oxygenated blood and the other for

deoxygenated blood. Majority of mammals, including humans show

Double Circulation

double circulation.

becomes oxygenated and returns back to the heart. The left pump sends
the newly oxygenated blood around the body. This circulation ensures
that the body always has a high supply of oxygen and also, it improves

body efficiency. This is also one of the reasons why mammals can

maintain their body temperatures.

Pulmonary
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11.11 LYMPHATIC SYSTEM

Lymph

» Lymph is another medium of circulation in human body. It consists of

two parts
o A clear colorless fluid matrix - the plasma
o Lymphocytes (a type of white blood cell).
Both the components of lymph come from blood.
Plasma is squeezed out by ultra-filtration.

Leucocytes come out by amoeboid movement called diapedesis.

vV Vv V VY

They first get collected in intercellular spaces of the tissues, forming
tissue fluid. The excess of tissue fluid slowly enters the lymph

capillaries, where it is named as lymph.

> The tissue fluid and blood are thus identical and differ from the blood

in lacking red blood cells, platelets and some blood protein.

» The lymphatic system is closed like the blood vascular system but it

does not form a complete circuit in itself

» Lymph containing large protein molecules, digested fats, germs and
fragments of dead cells from the tissue fluid around the body cells

seeps into the lymph capillaries.

o From lymph capillaries lymph passes into the lymph vessels

containing lymph nodes.

o Inthe lymph nodes, lymph is cleaned by white blood cells called

213



lymphocytes. These white blood cells eat the germs and dead
cells and also make antibodies for protecting the body from

diseases.

o Lymph is ultimately returned to the venous blood through large

lymphatic vessels which open into subclavian veins

The Lymphatic System

adenoid
tonsils

lymph node « thymus

« thoracic duct

lymph vessel

spleen

« Peyer’s patches
in small intestine

appendix

bone marrow

© (anadian Cancer Society

Lymphatic system consists of the following parts

Lymph
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e Lymph capillaries
e Lymph vessels
e Lymph nodes

e The lymphatic system also includes tissues and organs that make, store
and release lymph. These tissues and organs (called lymphatic or
lymphoid tissue) also monitor the lymph for germs, foreign substances
and abnormal cells and remove waste products and bacteria from the
lymph.

Functions of Lymphatic System

*» Lymph acts as a ‘middle man’ handing over food and oxygen from
blood to the tissue cells and waste material from the tissue cells to
the blood.

¢ The lymph maintains the volume of the blood by restoring the fluid
that leaves it.

¢ The lymph nodes destroy foreign germs and particles.

¢ It also produces lymphocytes.

Check Your Progress-2
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.

Q1. Name three types of muscles present in the human body.

Q2. Name the two parts of central nervous system.

Q3. Which type of circulation occurs in human heart?

215



11.12IMMUNE SYSTEM

The body’s collective defence measures are known as the immune
system. This works by identifying and targeting pathogens.

Bacteria, viruses and other pathogens face huge resistance from the
human body.

The first line of defence is skin and linings of the eyes, mouth, nose,
throat and stomach.

Pathogens can enter the body through the food we eat or the air we
breathe.

To stop germs gaining access, internal passageways are lined with
protective fluids, such as saliva, mucus and tears.

Even if the pathogens manage to get past the body’s first line of
defence, they are attacked by many millions of white blood cells.

The immune system is run by white blood cells, which move through
the blood stream and other bodily fluids looking for bacteria and
viruses to kill.

The body makes weapons called antibodies. These defensive chemical
proteins attach themselves to the invaders to identify them as enemies

for white blood cells to eat.

11.13 RESPIRATORY SYSTEM
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The human respiratory system begins from the nose. The air for
respiration is drawn into our body through the nostrils present in the
nose.

The air then goes into the nasal cavity.

The nasal cavity is lined with hair and mucus. When air passes through
the nasal cavity, the dust particles and other impurities are trapped by
nasal hair and mucus so that clean air goes into the lungs.

From the nasal cavity, air enters into the pharynx and then into the
windpipe (trachea) and then in the lungs.

Trachea is supported by rings of cartilage to ensure that the air passage
does not collapse even when there is no air in it. The upper end of
trachea has a voice box called larynx.

The trachea runs down the neck and divides into two smaller tubes
called bronchi (singular bronchus).

The two bronchi are connected to the two lungs.
The lungs lie in the chest cavity or the thoracic cavity.

The thoracic cavity is separated from abdominal cavity by the
diaphragm.
The lungs are enclosed in the rib cage. They are covered with a

protective layer of cartilage called pleura.

Each bronchus divides in the lung to form a large number of smaller
tubes called bronchioles.

The smallest bronchioles have tiny air sacs at their ends called alveoli
(singular alveolus).

It is in the alveoli that the gaseous exchange takes place. During the
process of breathing, alveoli get filled with air rich in oxygen. The
alveoli are surrounded by blood capillaries. The oxygen (of air) present
in the alveoli diffuses out into blood present in the capillaries.
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e Asthe blood passes through the tissues of the body, the oxygen present
in it diffuses into the cells. This oxygen combines with the digested

food present in the cells to release energy.

e Carbon dioxide gas produced as a waste product during respiration in
the cells gets diffused into the blood. Blood carries this carbon dioxide

back to the lungs where it diffuses into the alveoli.

e When we breathe out, carbon dioxide from the alveoli is pushed out

into the trachea, nostrils and then out of the body.

11.14 DIGESTIVE SYSTEM

Human digestive system: The human digestive system includes:

» The digestive track(alimentary canal):

- Mouth

- Oesophagus

- Stomach

- Small intestine
- Large intestine
- Anus

> Digestive glands:

- salivary glands

- liver

- pancreas
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Mouth (Buccal Cavity): In human beings digestion of food starts in
the mouth.

Oesophagus: The slightly digested food in the mouth is swallowed
and goes down the food pipe called oesophagus.

Stomach: The stomach is j-shaped organ present on the left side of
the abdomen. The food is further digested in stomach. The food is
churned in the stomach for about three hours. During this time, the
food breaks down into still smaller pieces and forms a semi solid paste
called chyme.

Small Intestine: From the stomach partially digested food enters the
small intestine.

The small intestine is the largest part of the alimentary canal, about
6.5 m long in an adult man.
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e [t is the site of complete digestion of food.

Large Intestine: It is shorted but wider than the small intestine. It is about
1.5 m in length.

e The undigested food that cannot be absorbed in the small intestine
passes into a wider tube called large intestine.

e The walls of large intestine absorb most of the water from the
undigested food.

e Due to this the undigested food becomes almost solid. It is stored in
the rectum for some time. This waste matter is called faeces.

e [t is expelled out of the body through anus. The exit of faeces is

controlled by anal sphincter.

11.15 URINARY SYSTEM

The human excretory system includes a pair of kidneys, a pair of

ureters, a urinary bladder and urethra.

Adrenal gland

Inferior

Renal artery
vena cava

Pelvi Renal vein
elvis

Medulla —

— Urinary
bladder

— Urethra
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Kidneys

>

>
>

The kidneys are located in the abdomen one on each side of the
vertebral column just below the diaphragm. The last two pairs of ribs
protect them. The left kidney is usually placed a little higher than the
right one. Each kidney is somewhat bean shaped with a concavity
along the inner border called hilum.

Blood vessels, nerves lymph ducts and ureters enter or leave the kidney
at this point.

The gross structure of kidney shows two regions, the outer cortex and
inner medulla

A kidney is composed of several excretory units, the uriniferous tubule
or nephron.

The urine is drained into the renal pelvis from where it enters the

ureters. The ureters carry the urine to the urinary bladder, from where it is

eliminated through the urethra. Renal pelvis is an extension of the proximal

end of the ureter within the kidney.

Nephron
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Nephron is made up of

» Bowman’s capsule, which contains a tightly fitting bunch of blood
capillaries, the glomerulus. The Bowman’s capsule and the glomerulus
are together referred to as the renalcapsule or the Malpighian body.

The Proximal Convoluted Tubule
Henle’s Loop
The Distal Convoluted Tubule

YV V VY V

The Collecting Duct

11.16 REPRODUCTIVE SYSTEM

e Reproductive system consists of the body parts used to create new
life. Human cannot reproduce on their own-both male and female cells

are needed to make a body.

e The reproductive organs are different in men and women, as they have

different roles in reproductive process.

Male Reproductive System Female Reproductive System

Fallopian tubes

The organs of the male reproductive system produce The female reproductive system produces eggs and
sperm and deliver it to the female reproductive system. provides a place for a new human to grow and develop
before birth.
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11.16.1 Female Reproductive System

the

A woman’s reproductive organs sit inside her body. They consist of

Uterus

Two ovaries

Two fallopian tubes
The vagina

The breasts and

The milk producing glands after a baby is born, the mother’s mammary

glands, in the breasts produce milk to feed the baby.

11.16.2 Male Reproductive System

The male reproductive system is much simpler, and most of it is outside

the body. It consists of

Testes enclosed in scrotum
Urethra

Vas deferens

Seminal vesicles

Penis

e Adults have special sex cells called gametes. The creation of a
new baby begins a when male sex cell (sperm) unites with a female
sex cell (egg). This process is called fertilization.

e The male reproductive system makes the sperms to fertilize the
female egg. The female system produces the eggs and sustains the
baby during its development in the uterus.
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Check Your Progress-3

Note: (a) Answer the questions given below.

Ql.

Q2.

Q3.

(b) Compare your answers with those given at the end of this lesson.

Which gas is produced as a waste product during the process of
respiration?

In which part of digestive system of human beings the process of
digestion begins?

Define fertilization.

11.17 ENDOCRINE SYSTEM

The endocrine system is a series of glands that produce and secrete

hormones that the body uses for a wide range of functions. These control

many different bodily functions, including:

-Respiration
-Metabolism
-Reproduction
-Sensory perception
-Movement

-Sexual development
-Growth

Hormones are produced by glands and sent into the bloodstream to

the various tissues in the body. They send signals to those tissues to tell them

what they are supposed to do.
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The main hormone-producing glands are:

Name of glands of Endocrine system

1. Pineal gland 2. Pituitary gland
3. Thyroid gland 4. Thymus

5. Pancreas 6. drenal gland
7. Ovary 8. Testis

Pineal gland
Posterior pituitary gland

Thyroid

Thymus

Adrenal cortex

Pancreas

Ovary (women)

Testes (men)

—t—
-—

The hypothalamus is responsible for body temperature, hunger, moods
and the release of hormones from other glands; and also controls thirst,
sleep and sex drive. Considered the “master control gland,” the
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pituitary gland controls other glands and makes the hormones that
trigger growth. Parathyroid gland controls the amount of calcium .
Pancreas gland produces the insulin that helps control blood sugar
levels. The thyroid produces hormones associated with calorie burning
and heart rate. Adrenal glands produce the hormones that control sex
drive and cortisol, the stress hormone. Pineal gland produces melatonin
which affects sleep. Only in women, the ovaries secrete oestrogen,
testosterone and progesterone, the female sex hormones.Only in men,
the testes produce the male sex hormone, testosterone, and produce
sperm.

11.18LET US SUM UP

In unicellular plants a single cell has the ability to perform all life

processes like-Photosynthesis, respiration, circulation, excretion etc. In
multicellular and complex plants similar types of cells unite to form tissues
e.g. xylem, phloem etc. The tissues form organs like root, stem, leaf etc.
These organs combine to form organ systems. The plants have two distinct
organ systems i.e: Shoot system and Root system.

In unicellular animals e.g. Amoeba or Paramecium, a single cell is
capable of performing all the functions of a living organism like Digestion,
Respiration, Transportation, Excretion etc. But in multicellular animals, cells
of the same type group together to form a tissue, which perform a particular
function. Different kinds of tissues combine to make larger functional units
called organs. Both external and internal organs make systems called organ
systems. There are 12 organ systems in human body that are Integumentary
system, Muscular system, Skeletal system, Nervous system ,Cardiovascular
system, Lymphatic system ,Immune system, Respiratory system, Digestive

system, Urinary system, Reproductive system, Endocrine system.

11.19 LESSON END EXERCISE

Q1  List the organs of urinary system.
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Q2  What is double circulation?

Q3  Draw the human respiratory system.

Q4  Write the organs of the female reproductive system.
Q5  Explain the structure of neuron.

Q6  What is axial and appendicular skeleton?

Q7  List functions of stem.
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11.21 ANSWERS TO CHECK YOUR PROGRESS
Check Your Progress-1

I. Organ
2. Epidermis and Dermis
3. 206
Check Your Progress-2
1. Skeletal muscles, Smooth muscles, Cardiac muscles
2. Brain and Spinal cord

3. Double circulation
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Check Your Progress-3
1. Carbon Dioxide
2. Mouth

3. The male sex cell (sperm) unites with a female sex cell (egg) to form
a new baby, this process is called fertilization.

3k 3k 3k 3k 3k %k %k %k %k %k k 3k
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LESSON NO. 12 UNIT- 1V
LIFE PROCESS

STRUCTURE
12.1 Introduction
12.2  Objectives
12.3 Nutrition
12.3.1 Mode of Nutrition
12.3.2 Steps In The Process Of Nutrition In Animals
12.3.3 Nutrition in Unicellular Organism ‘Amoeba’
12.3.4 Nutrition in Multicellular Organism-Human Being
12.3.4.1 Human Digestive System
12.3.5 Steps In The Process Of Nutrition in Human Being
12.4 Respiration
12.4.1 Types of Respiration
12.4.2 Respiration in Plants
12.4.3 Respiration in Animals
12.4.4 Breathing Substances
12.4.5 Respiratory System in Humans
12.5 Transportation

12.5.1 Transportation in Plants
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12.6

12.5.2 Transportation in Animals

12.5.3 The Human Circulatory System
12.5.4 Types of Circulatory System

12.5.5 Heart Beat and Pulse

12.5.6 Blood Pressure

12.5.7 Circulatory System in Other Animals
The Lymphatic System

12.6.1 Movement of the Lymph

12.6.2 Functions of Lymphatic System

12.7 Excretion
12.7.1 Excretion in Plants.
12.7.2 Excretion in Animals
12.8 Let Us Sum Up
12.9 Lesson End Exercise
12.10 Suggested Further Readings
12.11 Answers to Check Your Progress
12.1 INTRODUCTION

All the plants and animals are alive or living things. All living beings

perform some basic functions to keep themselves alive. The basic functions

performed by living organisms to maintain their life are called life processes.
The basic life processes common to all the living organisms’ include-

Nutrition, Respiration, Transportation and Excretion.
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12.2 OBJECTIVES
After going through this lesson, you shall be able to :

e explain nutrition- autotrophic and heterotrophic,
e discuss respiration- aerobic and anaerobic,
e explain transportation of material in plants and animals, and

e delineate excretion in plants and animals

12.3 NUTRITION

To perform various life processes, living organisms need energy. They

get this energy from food. Food is a fuel which provides energy to all the
living organisms. Nutrition is the process of intake of food by an organism.
12.3.1 Mode of Nutrition:

Method of procuring or obtaining food in called mode of nutrition.
There are two main modes of nutrition- autotrophic and heterotrophic.

Autotrophic Nutrition:

» In this kind of nutrition an organism synthesizes its own food from
the simple inorganic materials like carbon dioxide and water with the
help of sunlight.

» The green plants and the bacteria (cyanobacteria) that obtain their
food by autotrophic mode of nutrition are called autotrophs.

» Autotrophs contain a green pigment called chlorophyll which is
capable of trapping sunlight energy.

Photosynthesis:

» It isthe process by which green plants manufacture sugar using carbon
dioxide and water utilizing sunlight as the source of energy.

» This process is unique to green plants. It takes place in the green leaves

of a plant.
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Light

6CO2 + 6H20 ——» CgH1206 + 602

Chlorophyll

Photosynthesis

W INGREDIENTS

Light energy Carbon dioxide o)
Rays from the sun From the air ..
Water Chlorophyll
Gathered by plant's h Present in cells

roots in the soil - of green plants

When you get hungry, you might Plants use light energy
decide to raid the cookie jar from the sun to
or ask your mom to make you produce the food they
a sandwich. You do this need to survive.
because humans and This process
animals get energy from is called
the foods they eat. photosynthesis.
FISUNLIGHT

Light shining down from the

sun is absorbed by the plant's
cells. These tiny cells are what
make up the plant and its leaves.

Sunlight

Typical
plant cell Cell
nucleus

f:g,z:’ Carbon
Large fluid
filled space

Dioxide

Chioroplasts
Contain the

chemical
chlorophyll

71 CHLOROPHYLL
Inside some of these cells
is a special ingredient
called chlorophyll. This is
the compound that traps the
sun's light to start the
process of photosynthesis.

5] WATER

Water and carbon dioxide
are two of the main
ingredients needed for
photosynthesis. These
two substances are made
of many smaller parts
called molecules.

Water molecules
Oxygen

atom
Photosynthesis strips away the

Hydrogen
atoms

OXYGEN!

Heterotrophic Nutrition:

» In this mode of nutrition organisms cannot make their own food and
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depend on other organisms for their food and are called

heterotrophs.

» Heterotrophic nutrition is of mainly three types: saprophytic, parasitic

and holozoic.
Saprophytic nutrition:

» Saprophytic nutrition in which an organism obtains its food from

decaying organic matter of dead decaying matter.

» The saprophytes break down the complex organic molecules present
in dead and decaying matter and convert them into simpler substances

outside their body.

» These simpler substances are then absorbed by saprophytes as their
food.

» Example: fungi, bacteria etc.
Parasitic nutrition:

» In parasitic nutrition an organism derives its food from the body of

another living organism, called the host.
» A parasite is an organism which feeds on another living organism.

» A parasite receives its food from the host but gives no benefit to the

host.
» It usually harms the host.

» This type of nutrition is observed by several bacteria, a few plants

like Cuscuta and some animals like Plasmodium and Roundworms.
Holozoic nutrition:

» The nutrition in which an organism takes the complex organic food
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>

>

materials into its body by the process of ingestion, the ingested food

is digested and then absorbed into the body cells of the organism.

Most of the animals including human beings show holozoic mode of

nutrition.
On the basis of their food habits, animals can be divided into 3 groups:

v' Herbivores: They eat only plants. E.g. - cattle, elephant, giraffe

etc.

v' Carnivores: Those animals that eat only other animals as food.

e.g. Lion, tiger, snake etc.

v" Omnivores: Those animals that eat both plants and animals. e.g. —

humans, dogs, bears etc.

12.3.2 Steps in the Process of Nutrition in Animals:

>
>

Ingestion: The process of taking in food into the body

Digestion: The breakdown of ingested food into simpler substances

inside the body

Absorption: The simple substances produced by the process of
digestion are passed to the blood which transports it to different parts
of the body

Assimilation: The process in which the absorbed food is taken in by

body cells and used for energy, growth and repair

Egestion: The process of removing undigested food from the body
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12.3.3 Nutrition in Unicellular Organism: ‘Amoeba’

Nucieus
Food particle
A)
Pseudopoda
(s)
Food vacuole
Food particle
(<)
(D)

(Nutrition in Amoeba)

> Ingestion: Amoeba ingests food by using pseudopodia. When a food

particle comes near amoeba, tiny finger like projections are formed
and engulf the tiny particles. The pseudopodia close to form a cavity

called food vacuole.

» Digestion: The food vacuole moves in the cytoplasm where digestive
juices are added to it and digestive enzymes break down the food into

simple and soluble substances.
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» Absorption: The simple soluble substances are absorbed directly into

the cytoplasm of amoeba by diffusion.

» Assimilation: The cell of amoeba utilizes the simple substances for

growth, development and release of energy.

» Egestion: There is no defined place for removing the undigested part
of food. When a considerable amount of undigested food collects inside
amoeba, then its cell membrane suddenly ruptures at any place and
the undigested food is thrown out of the cell.

12.3.4 Nutrition in Multicellular Organisms: Human Being
12.3.4 (1) Human digestive system:
The human digestive system includes:

The digestive track (alimentary canal):

-Mouth

-Oesophagus

-Stomach

-Small intestine

-Large intestine

-Anus
The Digestive glands:

-salivary glands

-liver

-pancreas
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12.3.5 Steps in the Process of Nutrition in Human Being
» Ingestion: Food is taken into the body through the mouth.
> Digestion:

e Mouth (Buccal Cavity): In human beings digestion of food starts
in the mouth.

e The teeth help in physical digestion. Salivary glands in our mouth

produce saliva. The tongue mixes the food well with saliva.

e The human saliva has an enzyme called salivary amylase which
digests the starch present in food into sugar. Saliva also makes the
food slimy so that it can be easily swallowed.
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Since the food remains in the mouth only for a short time, so the

digestion of food remains incomplete in the mouth

Oesophagus: The slightly digested food in the mouth is swallowed
and goes down the food pipe called oesophagus.

It starts with the pharynx. Its opening is called glottis. Protected
by a flap called epiglottis which prevents the entrance of food in
the trachea.

The walls of oesophagus contract and relax to produce wave like
movement called peristalticmovement. These movements help to

move the food down into a large sac like muscular structure called

the stoma
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Bolus

Ringlike peristaltic
contraction sweeping ||
down the esophagus

OM»WLMM Fig. 15-6, p. 475

Stomach: The stomach is j-shaped organ present on the left side
of the abdomen. The food is further digested in stomach.

The food is churned in the stomach for about three hours. During
this time, the food breaks down into still smaller pieces and forms
a semi solid paste called chyme.

The stomach wall contains three tubular glands in its walls. The
glands present the walls of stomach secrete gastric juice.

The gastric juice contains three substances- hydrochloric acid, the
enzyme pepsin, mucus

Due to hydrochloric acid, the gastric juice is acidic in nature.

In the acidic medium, the enzyme pepsin begins the digestion of
proteins present in food to form simpler molecules.

Hydrochloric acid also kills any germs which may enter the
stomach with food.
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e The mucus helps to protect the stomach wall from its own
secretions of hydrochloric acid. If mucus is not secreted,
hydrochloric acid will cause the erosion of inner lining of stomach
leading to the formation of ulcers in stomach.

Small Intestine: From the stomach partially digested food enters the
small intestine. The small intestine is the largest part of the alimentary canal,
about 6.5 m long in an adult man. It is the site of complete digestion of food.
Three types of juices work on semi digested food in small intestine-

e Secretion from the liver - Bile
e Pancreatic juice
e Intestinal juice from the glands in the wall of small intestine.

Liver: The liver is the largest gland of the body. It produces bile. Bile is an
alkaline greenish yellow liquid made in the liver and stored in the gall bladder.
Bile performs two main functions;

(1) It makes the food coming from stomach alkaline so that pancreatic
enzyme can act on it.

(2) Bile salts break the fats present in the food into small globules making
it easy for the enzymes to act and digest them

Pancreas: The pancreas is the second largest digestive gland which lies
beneath the stomach. Pancreas secretes pancreatic juice which contains the
following digestive enzymes

Pancreatic amylase — breaks down starch
Trypsin- digests proteins
Pancreatic Lipase- breaks down emulsified fats

Intestinal juice: The wall of the intestine contains glands which secrete
intestinal juice containing several enzymes. The important ones are-

- Amino peptidases, intestinal amylase, intestinal lipase, maltase,
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sucrase, lactase, nucleases, nucleotidases, nucleosidases and
enterokinase. These enzymes complete the digestion of

Complex carbohydrates into glucose
Proteins into amino acids
Fats into fatty acid and glycerol

Glucose, amino acids, fatty acids and glycerol are small water
soluble molecules.

Large Intestine: It is shorted but wider than the small intestine. It is about

1.5 m in length.

It shows two regions: colon and rectum. The colon follows the small
intestine. The colon is about 1.38m and the rectum is about 12 cm.

At the junction of small intestine and the large intestine there is a thin
walled sac called caecum (about 5-8 cm).

The caecum ends in narrow smooth, thick walled blind tube; the
vermiform appendix (about 5 cm long).

The vermiform appendix in human beings has no known function.

Absorption: The digested food consists of simple sugars, amino acids, fatty

acids and glycerol. These molecules are so small that they can pass through

the walls of the small intestine and go into our blood.

The small intestine is specially adapted for absorbing the digested
food. The inner lining of small intestine has millions of tiny finger-
like projections called villi.

The villi increase the area of the lining creating a larger surface area
through which food nutrients can be absorbed.

The digested food which is absorbed through the walls of the small
intestine goes into our blood.

Assimilation: The blood carries digested and dissolved food to all parts of

the body and it becomes assimilated as part of the cells.
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e This assimilated food is used by the body cells for obtaining energy
as well as for growth and repair of the body.

e The fatty acids and glycerol are absorbed through the intestinal wall
by lymph vessels (lacteals) whereas sugars, amino acids, salts and
water are passed into the blood circulation.

Egestion:The undigested food that cannot be absorbed in the small intestine
passes into a wider tube called large intestine. The walls of large intestine
absorb most of the water from the undigested food. Due to this the undigested
food becomes almost solid. It is stored in the rectum for some time. This
waste matter is called faeces. It is expelled out of the body through anus. The
exit of faeces is controlled by anal sphincter.Food may accumulate in appendix
and decay or intestinal worms may settle in it, causing inflammation. This
condition is called appendicitis. It needs surgical removal of appendix
(appendectomy). In some animals like rabbit, the vermiform appendix
contains lymphoid tissue that neutralizes bacterial toxins.

Check Your Progress-1
Note:(a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.
A

Q1 What is the mode of nutrition in fungi ?

Q2 What are autotrophs?

Q3 What is the other name of food pipe ?

Q4 What is the role of hydrochloric acid in stomach?

243



Select the correct answer

1. Raw materials used in autotrophic mode of nutrition is

a) Glucose fructose b) Protein fats

¢) CO, & H,O d) Hydrogen and O,
2. Digestio of food in Amoeba occurs in

a) Nucleus b) Cytoplasm

c¢) Vacuole d) None of the above

3. Hydrochloric acid is secreted by

a) Pancreas b) Small intestine

c) Liver d) Gastric glands of stomach
4. Enzyme secreted by Pancreas that breaksdown fats and eils

a) Amylase b) Trypsin

¢) Lipare d) Protease
5. Colon and rectum are the parts of

a) Small intestine b) Large intestine

¢) Vermiform appendix d) None of the above

12.4 RESPIRATION

All the life processes are interconnected in a living organism and go

side by side. As studied in nutrition that food gets assimilated as part of cell.
The process of releasing energy from food is called respiration.

12.4.1 Types of Respiration:
Respiration is of two types:-

1. Aerobic respiration
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2. Anaerobic respiration
Anaerobic Respiration:

The respiration which takes place without oxygen is called anaerobic
respiration. This type of respiration occurs in microorganisms like yeast and
certain bacteria called anaerobic bacteria. Human beings obtain energy by
aerobic respiration. But sometimes anaerobic respiration take place in our
muscle cells during vigorous physical exercise. The accumulation of lactic
acid in the muscles causes muscle cramps. We can get relief from muscle
cramps by taking a hot water bath or a massage. It improves the circulation
of blood and increases the supply of oxygen to the muscles. This oxygen
breaks down lactic acid accumulated in muscles into carbon dioxide and
water and gives us relief from cramps.

Aerobic Respiration:

The respiration which uses oxygen is called aerobic respiration.
Aerobic respiration takes place inside the mitochondria of the cells. Most of
the living organisms carry out aerobic respiration. E.g. Humans, dogs, frogs,

insects. Most of the plants carry out aerobic respiration.

__ Aerobic respiration  Anacrobicrespiration
1) It takes place in the presence of 1) It takes place in the absence of oxygen.
oxygen. : ' :
2) In aerobic respiration, complete 2) In anaerobic respiration, the glucose
oxidation of glucose takes place. molecule is incompletely oxidised.

3) End products are CO, and water. 3) End products are either'ethy] alcohol
: ‘ or lactic acid and CO,,.

4) Lot of energy is liberated (38 ATP). | 4) Relativelysmall energyisliberated (2 ATP).

5) It occurs in plant’s and animal’s cells. | 5) Occurs in many anaerobic bacteria and

human muscle cells.

6) C¢H,,04 N 60, > ‘ : 6) C¢H,,05 > 2C,H,0H +2CO, + 56 K.cal
- 6CO, + 6H,0 + 686 K.cal .
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Adenosine Triphosphate (Atp)

>

ATP is the energy currency for most cellular processes. The energy
released during the process of respiration is used to make an ATP
molecule from ADP (adenosine diphosphate) and inorganic phosphate

).

ADP (Low energy)+ P, + Energy (from respiration) ----> ATP (High energy)

>

When the cell needs energy, then ATP can be broken down using water
to release energy. The energy equivalent to 30.5 Kj/mole is released
in this process.

ATP  ----- >ADP + P, + Energy (for use in cells)

Just as a battery can provide energy for different kinds of uses like
lighting, heating etc., similarly ATP can be used in the cells for
contraction of muscles, protein synthesis, conduction of nerve impulses
and many other activities.

12.4.2 Respiration in Plants:

Plants exchange gases through stomata. Carbon dioxide and oxygen

are exchanged by diffusion here. At night, when there is no photosynthesis

occurring, CO, elimination is the major exchange activity going on. During

the day, CO, generated during respiration is used up for photosynthesis. Hence

there is no CO,release. Release of oxygen is the major event at this time.

12.4.3 Respiration in Animals:

Different animals have different modes of respiration

>

>

In simple unicellular animals like amoeba, respiration takes place by
simple diffusion of gases through the cell membrane.

The animals like earthworms use their skin to absorb oxygen from air
and remove carbon dioxide.

The aquatic animals like fish; prawns etc. have gills as the respiratory
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organs. Fishes take in water through their mouths and force it past the
gills where dissolved oxygen is taken up by blood.

» In insects like grasshopper, cockroach, housefly and mosquito, there
are tiny holes called spiracles. These holes lead to air tubes called
trachea, further leads into smaller air tubes called tracheoles.

» Terrestrial animals such as humans, birds, lizards etc. have lungs as
their respiratory organs. Exchange of gases takes place through
breathing. Breathing is the process in which exchange of gases takes
place between living organisms and their surroundings.

12.4.4 Breathing Substances
Breathing in /Inhalation/ Inspiration

When we inhale, two things happen simultaneously:-

a) The muscles between the ribs contract causing the rib cage to move
upward and outward. b)The diaphragm contracts and moves downward. These
two movements increase the space in the chest cavity making it larger, and
air is sucked in from outside into the lungs. The lungs get filled up with air
and expand.

Breathing out /exhalation/ expiration
When we exhale, reverse of the above two actions takes place.

a) The muscles between the ribs relax causing the rib cage to move
downward and inward. b) The diaphragm relaxes and moves upward. These
two movements decrease the space in the chest cavity and make it smaller
and air is pushed out from the lungs.

12.4.5 Respiratory System in Humans:

» The human respiratory system begins from the nose. The air for
respiration is drawn into our body through the nostrils present in the
nose.
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» The air then goes into the nasal cavity.

» The nasal cavity is lined with hair and mucus. When air passes through
the nasal cavity, the dust particles and other impurities are trapped by

nasal hair and mucus so that clean air goes into the lungs.

( [ ! ! }.,\Td_'__ \ Pleura covering

\ , the lung
Pleural cavity ——— |G a' ",‘ Alveoli
S| |
Space occupied
by heart
Right lung T Leftlung
(extemal view) cut open

Diaphragm
» From the nasal cavity, air enters into the pharynx and then into the
windpipe (trachea)and then in the lungs.

» Trachea is supported by rings of cartilage to ensure that the air passage
does not collapse even when there is no air in it. The upper end of
trachea has a voice box called larynx.

> The trachea runs down the neck and divides into two smaller tubes
called bronchi (singular bronchus).

» The two bronchi are connected to the two lungs.
» The lungs lie in the chest cavity or the thoracic cavity.

» The thoracic cavity is separated from abdominal cavity by the
diaphragm.
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The lungs are enclosed in the rib cage. They are covered with a
protectivelayer of cartilage called pleura.

Each bronchus divides in the lung to form a large number of smaller
tubes called bronchioles.

The smallest bronchioles have tiny air sacs at their ends called alveoli

(singular alveolus).

It is in the alveoli that the gaseous exchange takes place. During the
process of breathing, alveoli get filled with air rich in oxygen. The
alveoli are surrounded by blood capillaries. The oxygen (of air) present
in the alveoli diffuses out into blood present in the capillaries.

As the blood passes through the tissues of the body, the oxygen present
in it diffuses into the cells. This oxygen combines with the digested
food present in the cells to release energy.

Carbon dioxide gas produced as a waste product during respiration in
the cells gets diffused into the blood. Blood carries this carbon dioxide
back to the lungs where it diffuses into the alveoli.

When we breathe out, carbon dioxide from the alveoli is pushed out
Into the trachea, nostrils and then out of the body.

Check Your Progress-2

Note: (a) Answer the questions given below.

Q1

Q2
Q3

(b) Compare your answers with those given at the end of this lesson.

Name the pores in a leaf through which exchange of respiratory gases
take place. ( )

Name the organs of breathing in fish. ( )

What is the name of tiny sacs at the end of smallest bronchioles in
lungs? ( )
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12.5

TRANSPORTATION

It is a life process in which a substance absorbed or made in one part

of an organism is carried to other parts of its body.

12.5.1 Transport in Plants:

The transport of materials in a plant can be divided into two parts-

Transport of water and minerals and Transport of food and other substances.

For this, plants have two transport systems: xylem, which carries water and

minerals from the soil to the site of photosynthesis. Phloem, which carries

the food materials which the plant makes and the hormones made by the

plants in their root and shoot tips.

Transport of Water and Minerals-‘Xylem’

>

>

Transport of water and minerals in plants is carried down by elements
of xylem tissue called tracheids and vessels.

The roots of a plant have outgrowths called root hairs. The root hairs
absorb water and minerals from the soil.

The water and the minerals pass from cell to cell by osmosis through
epidermis, root cortex, endodermis and reach the root xylem.

Vessels and trachea’s of the roots, stems and leaves are interconnected
to form a continuous system of water conducting channels reaching
all parts of the plants.

In this way the water and minerals from the soil reach through the
root and stem to the leaves of the plant.

Only about 1-2% of the water is used up by the plant in photosynthesis
and other metabolic activities. The rest of water is lost as water vapors
to the air through transpiration.

The continuous evaporation of water from the cells of a leaf creates a
kind of suction which pulls up water through xylem vessels. This pull
is known as transpiration pull.
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Transport of Food and other Substances- ‘Phloem’:

» The transport of food from the leaves to other parts of the plant is
called translocation.

» The phloem translocates the food made in the leaves. The translocation
of food and other substances takes place in the sieve tubes with the
help of adjacent companion cells both in upward and downward
direction.

» Interconnected phloem tubes are present in all parts of the plant. So,
once the food enters the phloem tubes of the leaves, it is transported
to all other parts of the plant.

» The movement of food in phloem takes place by the utilising energy
from ATP.

12.5.2 Transportation in Animals:

Circulatory and lymphatic system are responsible for the transport of
materials inside the body of the animals. Blood and lymph are the fluid
connective tissues which circulate substances inside the body.

The circulatory system, also called the cardiovascular system or the

vascular system, is an organ system that permits blood to circulate and

transport nutrients (such as amino acids and electrolytes), oxygen, carbon
dioxide, hormones and blood cells to and from the cells in the body to provide
nourishment etc.

The lymphatic system is a system that acts as a middle man between
the blood and the tissues handing over food and oxygen from blood to tissue
and the waste materials from tissue to blood.

12.5.3 The Human Circulatory System

There is a need of a pumping organ and network of tubes to push
blood around the body. Therefore, the human circulatory system consists
of:-
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Blood: the circulating fluid
Blood vessels: network of tubes

Heart: pumping organ

Blood:

AR NEE NN

\4

Blood is a red coloured liquid having 4 main components namely:-
1.Plasma

2. Erythrocytes

3. leucocytes

4. Thrombocytes

Plasma:

It is a straw coloured fluid and has 90-92% water and 8-10% solids.

It contains dissolved substances such as proteins, digested food,
common salt, waste products and hormones.

Plasma carries all these dissolved substances from one part to another
inside the body.

RBCs, WBCs, Platelets are immersed in this liquid.

Erythrocytes:

They are also referred to as red blood cells or red blood corpuscles.
They are circular, biconcave, de-nucleated discs.

They are bound by an elastic plasma membrane which enables them
to pass through capillaries whose diameter is less than their own
diameter.

Their cytoplasm contains red coloured, iron containing, respiratory
pigment called haemoglobin which helps in transportation of oxygen.

They carry oxygen from respiratory organs to the tissues and a small
amount of carbon dioxide from the tissues to the respiratory organs
for elimination.
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Red blood corpuscles are produced in the bone marrow. They have to
be made quickly as they live for about 120 days only.

Leucocytes:
They are commonly called white blood cells or white blood corpuscles.

They are rounded or irregular, colourless, nucleated and larger than
RBCs.

They live for about 1-4 days only.

They can change their shape and are capable of showing slow
amoeboid movement.

The white blood corpuscles are of two main types; non granular
leucocytes or Agranulocytes and granular leucocytes or
Granulocytes.

v' Agranulocytes: These lack granules in their cytoplasm and have
non-lobed nucleus. They have two subtypes: Monocytes and
Lymphocytes.

v" Granulocytes: These have granules in the cytoplasm and have
lobed nucleus. They have three subtypes: Basophils, eosinophils,
neutrophils.

The WBCs act as soldiers, scavengers and builders of the body.

The neutrophils play a phagocytic role. The collect in large numbers
at the site of infection and eat up the foreign germs. They leave the
body as pus.

The lymphocytes produce antitoxins and neutralize the toxins released
by the foreign germs.

The monocytes eat up the injured and dead cells and clean the body.
Eosinophils and basophils help in the healing of the wounds.
Thrombocytes:

They are non- nucleated granular fragments of cell. They are somewhat
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rounded or oval but quickly become stellate (irregular) in extracted
blood.

» They are much smaller than both RBCs and WBCs.
» They are formed in red bone marrow.
» They help in blood clotting.

Blood Vessels:

The blood vessels of the circulatory system are present in each and
every part of the human body in the form of a network of tubes due to which
the blood reaches all the parts of the body. In the blood circulatory system,
blood flows through three types of the blood vessels.

v" Arteries:They take the blood away from the heart.
v" Veins: They carry the blood back to the heart.
v' Capillaries: Arteries and veins meet at capillaries.

HEART:

HEART ANATOMY

Aorta

Superior Vena
Cava

Pulmonary

Artery

" Left Atrium

Left

Right Atrium .
Ventricle

Right
Ventricle

Interventricular
Septum
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The heart is a muscular organ made up of special muscle called the
cardiac muscle.

It lies above the diaphragm between the two lungs situated almost in
the middle of the chest but tilted at its apex to the left.

It is enclosed in a double walled membranous sac called the
pericardium.

The heart is roughly triangular in shape. The size of our heart is the
same as our clenched fist.

The human heart has four compartments called chambers inside it.
The upper two chambers of heart are called atria singular atrium.
The lower two chambers of heart are called ventricles.

Each atrium opens into the ventricles of its own side through an
auriculoventricular aperture.

These two apertures are guarded by valves which open into the
ventricles and prevent the backflow of the blood.

The mitral or bicuspid valve (having two flaps) is present at the
auriculoventricular opening on the left side and the tricuspid valve on
the right side (having three flaps).

COURSE OF BLOOD FLOW IN HEART:

w__Pulmonary
vein

(From lungs)
Left

atrium

Main vain —
(Vena cava)

Right —

atrium

Right ventricle
(Pump chamber)

Left ventricle
(Pump chamber)

Septum
(Wall partition)

— Muscular wall

— Pearicardium
(Protective layer)

| —— Right side ——mp|4¢—— Left side
of heart of heart
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The right atrium receives venous (deoxygenated) blood from the body
(except the lungs) through two main vessels: a superior vena cava and

an inferior vena cava.

Inferior vena cava brings the blood from the upper regions of the body

and inferior vena cava from the lower parts of the body.

The left atrium receives the oxygenated blood from the lungs through

four pulmonary veins.

» The atria contract and push the blood into respective ventricles.

The ventricles are highly muscular, when they contract; the blood is
forced into arteries. The presence of valves prevents the blood from

flowing back into the auricles (atria).

The oxygenated blood from left ventricle is forced into the main artery

called aorta which is the main distributing artery.

The aorta carries oxygenated blood to all the organs of the body and

thus the oxygenated blood reaches the body cells through capillaries.

Oxygen of the blood is used up in the cells during respiration andcarbon

dioxide is produced as a waste product making blood deoxygenated.

The deoxygenated blood from the body organs enter into main vein
called vena cava throughcapillaries. The vena cava carries

deoxygenated blood to the right atrium of the heart.

The deoxygenated blood from the right ventricle via right atrium is

pumped into the lungs through the pulmonary artery.

In lungs deoxygenated blood releases its carbon dioxide and absorbs
fresh oxygen from air to become oxygenated again. This oxygenated
blood isagain sent to the left atrium by pulmonary vein for circulation
in the body.

256



12.5.4 Types of Circulatory System:

In animals, there are two types of circulatory systems: open circulatory
system (blood flows in the body cavity as there are no blood vessels) closed
circulatory system (blood flows in the blood vessels). The majority of
mammals, including humans use a double circulatory system. The closed
circulatory system is further classified into two, based on the number of times

blood circulation takes place through heart:
Single Circulation:

In single circulatory system, the blood will pass through the heart to
gills, then after purification, blood will be distributed to different parts of the
body. Only one cardiac cycle is completed, hence the name single circulation.

For example: single circulation is mainly seen in birds, fish, reptiles, etc.
Double Circulation:

A circulatory system in which the blood travels twice through the heart
in one complete cycle of the body is called double circulation.The blood
follows two routes — one for oxygenated blood and the other for deoxygenated

blood. Majority of mammals, including humans show double circulation.

The right pump sends deoxygenated blood to the lungs where it
becomes oxygenated and returns back to the heart. The left pump sends the
newly oxygenated blood around the body. This circulation ensures that the
body always has a high supply of oxygen and also, it improves body efficiency.

This is also one of the reasons why mammals can maintain their body

temperatures.
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12.5.5 Heart Beat and Pulse:

» One complete contraction and relaxation of the heart is called a
heartbeat.

» Every time the heart beats, blood is forced into arteries expand a little.
» So the pulse rate of a person is equal to the number of heartbeat per
minute (70-72 times per minutes).

12.5.6 Blood Pressure:

» The pressure at which blood is pumped around the body by the heart
is called blood pressure.

» The maximum pressure, at which the blood leaves the heart through
the main artery during contraction phase, is called systolic pressure.

» The minimum pressure in the arteries during the relaxation phase of
heart is called the diastolic pressure.
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The normal blood pressure values are:
v Systolic: 120mmHg
v" Diastolic: 80 mmHg

Blood pressure is measured by using an instrument called
sphygmomanometer.

12.5.7 Circulatory System in Other Animals:

>

In birds and mammals the heart is four chambered and show double
circulation.

In amphibian and reptiles the heart is three chambered. Two atria and
one ventricle. Oxygenated and deoxygenated bloods get mixed to some
extent. However heart shows double circulation to deliver blood to
the lungs and the rest of the body.

The fish has a two chambered heart one atrium and one ventricle. The
fish do not have lungs. It has gills to oxygenate blood.

12.6

THE LYMPHATIC SYSTEM

Lymphatic system consists of the following parts

Lymph

Lymph capillaries
Lymph vessels
Lymph nodes

The lymphatic system also includes tissues and organs that make, store

and release lymphocytes. These tissues and organs (called lymphatic or

lymphoid tissue) also monitor the lymph for germs, foreign substances and

abnormal cells and remove waste products and bacteria from the lymph.
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The Lymphatic System
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Lymph:

» Lymph is another medium of circulation in human body. It consists
of two parts

e A clear colorless fluid matrix - the plasma

e Lymphocytes (a type of white blood cell).
Both the components of lymph come from blood.
Plasma is squeezed out by ultra-filtration.

Leucocytes come out by amoeboid movement called diapedesis.
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They first get collected in intercellular spaces of the tissues,
forming tissue fluid. The excess of tissue fluid slowly enters the
lymph capillaries, where it is named as lymph.
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The tissue fluid and blood are thus identical and differ from the
blood in lacking red blood cells, platelets and some blood proteins.

Lymph Capillaries:

>

Lymph capillaries are interwoven with blood capillaries everywhere
but are not connected with them. They are wider than blood capillaries
but like them have very thin walls. The tissue fluid enters the very
thin walled lymph capillaries.

The diameter of lymph capillaries is not uniform and there are no
valves in them.

They are blind at their free ends, but unite at their other ends forming
larger channels, the lymph vessels

Lymph Vessels:

>

The lymph vessels have thicker muscular walls and contain paired
valves to prevent the back flow of lymph

The lymph vessels of the intestine are called lacteals. They absorb
the fat contents of the food. When full of fat, they appear milky
white, hence the name lacteals. (Lactose-milk sugar).

Lymph Nodes:

>

>

The lymph nodes occur at intervals in the course of lymph vessels.
The contain lymphocytes and fixed macrophages.

Bacteria and other foreign elements are engulfed by the fixed
macrophages

Lymph nodes are abundant in neck, armpits and groins

12.6.1 Movement of the Lymph:

The lymph is slowly moved through the lymph vessels by several factors.

These include-
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Movement of the viscera
Contraction of the body muscles

Pressure built up by the lymph capillaries due to absorption of the
tissue fluid

Movement of the villi assists the flow of lymph in lacteals

The lymphatic system is closed like the blood vascular system but it
does not form a complete circuit in itself

» Lymph containing large protein molecules, digested fats, germs
and fragments of dead cells from the tissue fluid around the body
cells seeps into the lymph capillaries.

» From lymph capillaries lymph passes into the lymph vessels
containing lymph nodes.

» In the lymph nodes, lymph is cleaned by white blood cells called
lymphocytes. These white blood cells eat the germs and dead cells
and also make antibodies for protecting the body from diseases.

» Lymph is ultimately returned to the venous blood through large
lymphatic vessels which open into subclavian veins.

12.6.2 Functions of Lymphatic System:

7
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Lymph acts as a ‘middle man’ handing over food and oxygen from
blood to the tissue cells and waste material from the tissue cells to the
blood.

The lymph maintains the volume of the blood by restoring the fluid
that leaves it.

The lymph nodes destroy foreign germs and particles.

It also produces lymphocytes.

262



Check Your Progress-3

Note: (a) Answer the questions given below.

Q1

Q2

Q3

Q4

Q5

(b) Compare your answers with those given at the end of this lesson.
A

What is the name of tissue which transports food in plants ?

Name two liquids which help in the transport of substances in human
body.

Name the term used for the transport of food from leaves to other
parts of the plant.

Name the four chambers of the heart.

What is meant by systolic pressure and diastolic pressure?

Choose the correct answer :

1.

Which tissue transports water and minerals in plants ?

a) Parenchyma b) Phloem

c) Bast d) Xylem

Transport of food from leaves to other parts of the plants is called
a) Transpiration b) Translocation

c¢) Transportation d) Transmission
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Blood vessels that take the blood away from th heart are
a) Veina b) Arteries

c¢) Capillaries d) None of the above

Heart is three chambered in

a) Mammals b) Birds

¢) Amphibians d) Fish

Two important components of Lymph are

a) Plasma and RBC b) Plasma and Lymphocytes

c) Plasma and Thromocytes d) None of the above

12.7 EXCRETION

in the cells. These are called the end products of metabolism or metabolic

Certain materials produced in the course of metabolism are of no use

wastes.

concentration. Therefore, they must be removed from the body. The
elimination of metabolic wastes from the body is called excretion

Waste products prove toxic if they accumulate beyond a certain

12.7.1 Excretion in Plants:

The main waste products produced by plants are

Carbon dioxide
Water vapour

Oxygen

» These are removed through stomata in leaves and lenticels in stems.

» The plants also store some of the waste products in their body
parts such as — leaves, bark and fruits. The plants get rid of these
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wastes by shedding of leaves, peeling of bark and felling of fruits.

» Some plants get rid of their wastes by secreting them in the form
of gum and resins.

> Plants also excrete some of their waste substances into the soil
around them.

12.7.2 Excretion in Animals:

>

Metabolic waste products in animals include urea, uric acid, ammonia,
bile pigments, CO,, excess salt and water.

Carbon dioxide is excreted through the lungs in the expired air.
Mineral salts are excreted in urine, faecces and sweat. Excess water
may cause blood pressure and oedema (swelling). So, excess water is
excreted in sweat, urine, faeces and expired air. Pigments taken with
food and drugs or formed in body by breakdown of haemoglobin such
as bile pigments are eliminated in urine and faeces.

The organs which eliminate the waste products of metabolism from
the animal body are known as the excretory organs.

The waste products formed in the cells pass out into the tissue fluid
and via lymphatic system into the blood stream. The blood carries
them to the excretory organs.

The excretory organs in mammals are primarily a pair of kidneys, a
pair of ureters, a urinary bladder and a urethra.

Some other organs, such as lungs, liver, intestine and skin also remove
certain waste materials besides their main functions in the body. They
are termed as accessory excretory organs.

Nitrogenous Wastes in Animals:

Ammonia: Animals which excrete ammonia are referred to as ammonotelic.

E.g.: hydra, bony fishes, tailed amphibians etc.
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Urea: Animals that excrete urea are described as ureotelic. E.g.: tailless
amphibians, mammals, earthworm, prawn etc.

Uric Acid: animals which excrete uric acid are referred to as uricotelic. E.g.:
insects, reptiles and birds.

Amino Acid: some animals excrete excess of amino acids as such without
any change. They are called aminotelic animals. e.g.: certain mollusks and
echinoderms.

Excretion in Amoeba:

In amoeba, the waste material CO, is removed by diffusion through the cell
membrane, but nitrogenous waste like ammonia and excess water are removed
by the contractile vacuole.

Excretion in Earthworm:

In earthworm, the tubular structures called nephridia are the excretory organs.
In addition to nephridia, the moist skin of earthworm also acts as an excretory
organ.

The Human Excretory System:

The human excretory system includes a pair of kidneys, a pair of ureters, a
urinary bladder and urethra.

Adrenal gland

Inferior

Renal artery
vena cava -

Pelvi Renal vein
elvis

Medulla — —Kidney

Cortex
Dorsal aorta

Ureter

— Urinary
bladder

— Urethra
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Kidneys:

» The kidneys are located in the abdomen one on each side of the
vertebral column just below the diaphragm. The last two pairs of ribs
protect them. The left kidney is usually placed a little higher than the
right one. Each kidney is somewhat bean shaped with a concavity
along the inner border called hilum.

» Blood vessels, nerves lymph ducts and ureters enter or leave the kidney
at this point.

» The gross structure of kidney shows two regions, the outer cortex and
inner medulla

» A kidney is composed of several excretory units, the uriniferous tubule
Or nephrons.

The urine is drained into the renal pelvis from where it enters the ureters.
The ureters carry the urine to the urinary bladder, from where it is eliminated
through the urethra. Renal pelvis is an extension of the proximal end of the
ureter within the kidney.

Nephron:
Glomerulus Distal Convoluted T
(Capillary Network) Tubule (DCT)
Proximal Convoluted
Efferent Tubule (PCT) .
Arteriole l Collecting
(Narrow) N\ Duct
Afferent = — /
Arteriole \ ( %
(Wide) T — y
Bowman’s l
Capsule I
Capillary Network l I 14
—Urine Flow
Loop of Henle S—
\_/\_J 1 N
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Nephron is made up of

>
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>

Bowman’s capsule, which contains a tightly fitting bunch of blood
capillaries, the glomerulus. The Bowman’s capsule and the glomerulus
are together referred to as the Renalcapsule or the Malpighian body.

The Proximal Convoluted Tubule
Henle’s Loop

The Distal Convoluted Tubule
The Collecting Duct

Filtration of Blood:

>

One end of the glomerulus is attached to the renal artery which brings
the dirty blood containing urea waste in it. The glomerulus filters this
blood

During filtration, substances like glucose, amino acids, salts, water
and urea etc. present in the blood pass into the Bowman’s capsule and
then enter the tubule of the nephron.

When the filtrate containing useful substances as well as the waste
products passes through the tubule, the useful substances like glucose,
amino acids, most salts and water are reabsorbed into the blood through
blood capillaries surrounding the tubule.

Only the waste substances; urea, some unwanted salts and excess water
remain behind in the tubule. The liquid left behind in the tubule is
urine.

The nephron carries this urine into the collecting duct of the kidney
from where it is carried to the ureters and from the ureters it passes
into the urinary bladder.

The urine is stored in the bladder for some time and ultimately passed
out of the body through urethra. Theprocess of passing out urine is
called micturition.
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Renal Failure/Kidney Failure:

» Sometimes a person’s kidneys may stop working due to some of the
following reasons:

v" An infection in the kidneys

v" An injury to the kidneys

v" Very high blood pressure

v" Very high blood sugar

v' Restricted blood flow to the kidneys.

» Complete failure of kidneys allows urea and other waste materials to
accumulate in the blood.

» This can cause death if the patient is not given immediate treatment.
Technology for Survival:
» It can be treated with two methods
v" Kidney transplant
v Artificial kidney
Kidney Transplant:

The damaged kidney is removed and a matching kidney donated by a healthy
person is transplanted in its place by a surgical operation.

Artificial Kidney:

The patient with kidney failure is treated periodically on a kidney machine
or artificial kidney. The procedure used for cleaning the blood of a person by
separating the waste substance (urea) from it is called dialysis.
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Dialysis:

blood semipermeable

tubing

? dialysate
flow

blood flow

— dialysate
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fresh dialysate  used dialysate (contains
urea and excess salts)

» The blood from an artery in the patient’s arm is made to flow into the
dialyzer of a dialysis machine.

» Dialyzer is made up of tubes of selectively permeable membrane which
are coiled in a tank containing dialyzing solution or dialysate.

» The dialyzing solution contains water, glucose and salts in similar
concentration to those in normal blood.

» As the patient’s blood passes through the dialyzing solution, most of
the wastes like urea present in it pass through the selectively permeable
cellulose tubes into the dialyzing solution.

» The clean blood is pumped back into a vein of the patient’s arm.
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Check Your Progress-4
Note: (a) Answer the questions given below.
(b) Compare your answers with those given at the end of this lesson.
A
Q1 Where does blood in human body get filtered ?

Q2 Name the procedure used in working of an artificial kidney.

Q3 Define Excretion.

B

Choose the correct answer.

1. Inleaves of plants excretion of waste products taken place through
a) Lenticels b) Stomato
¢) Subsidary cells d) Cortex

2. Animals which excrete ammonia are referred as
a) Ureotelic b) Uricotelic
¢) Ammonotelic d) Aminotelic

3. In Amoeba the waste material CO, is removed by
a) Diffusion b) Osmosis
¢) Imbibition d) All of the above

4.  Procedure used in working of an artificial kidney is known as
a) Dialysis b) Thrombosis
c) Hemolysis d) All of the above.
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12.8 LET US SUM UP

The basic functions performed by living organisms to maintain their

life are called life processes. The basic life processes common to all the
living organisms include-Nutrition, Respiration, Transportation and Excretion.
Nutrition is the process of intake of food by an organism. There are two
main modes of nutrition- autotrophic and heterotrophic. The process of
releasing energy from food is called respiration. Respiration is of two types:
- Aerobic respiration Anaerobic respiration. The Lymphatic system consists
of the following parts Lymph capillaries, Lymph vessels, Lymph nodes. The
lymphatic system also includes tissues and organs that make, store and release
lymphocytes. These tissues and organs (called lymphatic or lymphoid tissue)
also monitor the lymph for germs, foreign substances and abnormal cells
and remove waste products and bacteria from the lymph. The elimination of
metabolic wastes from the body is called excretion. The main waste products
produced by plants are Carbon dioxide and Water vapour Oxygen

12.9 LESSON END EXERCISE

e Name the green pigment present in the leaves of a plant.
e Name the enzyme present in human saliva.
e Differentiate between autotrophic and heterotrophic nutrition.

e What are herbivores, carnivores and omnivores? Give 2 examples of
each.

e Name the steps involved in the process of nutrition in animals.

e Name an animal which absorbs oxygen through its moist skin.

e Which part of roots is involved in the exchange of respiratory gases?
e What happens when we inhale?

e What is ATP?

e What is the covering of lungs known as?

e Name the two types of transport system in humans.
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e What is xylem tissue? Name its conducting elements.

e What are the conducting elements of phloem?

e State the function of platelets.

e Name the different types of WBC:s.

e Why do some people need to use the dialysis machine?
e Name the different parts of a nephron.

e What is the process of passing out urine called?

e Name the main nitrogenous waste in the human blood.

e Where is urine carried through ureters?
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12.11 ANSWERS TO CHECK YOUR PROGRESS
Check Your Progress-1

1. Saprophytic nutrition
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Organisms like green plants synthesize their own food from the simple
inorganic material like carbon dioxide and water with the help of
sunlight are called autotrophs.

. Alimentary Canal

4. Hydrochloric acid makes the gastric juice acidic in nature and it also
kills the germs which may enter with food in the stomach.
B
I. c 2.¢ 3d 4.c 5.b
Check Your Progress-2
I. Stomata
2. Gills
3. Alveoli
Check Your Progress-3
A
1. Phloem
2. Blood and Lymph
3. Translocation
4. Right atrium, left atrium, right ventricle, left ventricle
5. The maximum pressure, at which the blood leaves the heart through

the main artery during contraction phase, is called systolic pressure
and the minimum pressure in the arteries during the relaxation phase
of heart is called the diastolic pressure.

B

1. d 2.b 3.b 4.c 5.b

Check Your Progress-4
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. Glomerulus
2. Dialysis
3. The elimination of metabolic wastes from the body is called excretion.

B

s s ke ko koK Kok ok
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