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Chapter- I

Conceptual Framework And Review of Literature

All Educational objectives fall under three domains viz., the cognitive, 

affective and psychomotor domains. Acquisition of skills come under the 

psychomotor domain and the development of skills requires practice, guidance 

and motivation.

For students to develop the abilities that characterize the science as 

inquiry they must actively participate in scientific investigations and they 

must actualize the cognitive and manipulative skills associated with the 

formulation of scientific explanations.

In India higher secondary grade (XII Std / II PUC) is an important stage in 

the life of a student since a student's life will be decided here as far as further 

education is concerned. Depending on their performance in this examination, 

students get admission into medicine, engineering and other applied or basic 

Science courses. So students of higher secondary grade should develop 

sophistication in their abilities and understanding of scientific inquiry. Students 

understand that experiments are guided by concepts and principles and are 

performed to test ideas. But they often have trouble dealing with data that seem 

anomalous and proposing explanations based on evidence and logic rather than 

on their prior beliefs about the natural world.

Objectives of Science Teaching and Learning, Lab Activities and Skills

Some of the objectives of science teaching listed out in Biological 

Education in American Secondary Schools by George Hunter etaj. (1961), are
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Scientific method

Worthwhile ideals and habits
I

Understanding the environment 

Understanding personal health needs 

Knowledge of the environment 

Develop the power of observation 

Withhold conclusions until facts secured 

Information useful in solving life problems 

Appreciation of the environment 

Attitude free from dogma and superstition 

Evaluate and interpret data

Within the past few years, primarily under the influence of professional 

scientists, two new trends have been emerging as objectives of science education. 

Along with the retention of the best of the older objectives, the newer science 

programs are trying to present science as a means of investigation, and 

attempting to conceptualize scientific knowledge. First, an attempt is being 

made to provide pupils with experience in school which will more closely 

approximate the conditions under which a research scientist operates.

A further insight into the types of learning skills and critical msujkt that 

can be gained from this experimental approach is shown by the following 

excerpt from the B.S.C.S. material (Richards, 1961). The statement is typical of 

the approach made toward the laboratory work of all the recent study group 

programs. The remarks are made to the pupil in a section titled “The Logic of 

the Research Experience you have just completed".

Objectives for the science program should be determined by the needs of 

young people. Needs fall into two categories. (1) those that can be satisfied by 

acquiring information and special skills and (2) those that can be satisfied by
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developing certain ways of thinking and acting. The former are called subject 

matter objectives. The latter are sometimes called long-range activities because 

they are concerned with the overall development of the individual throughout a 

long period of time.

These two sets of objectives operate in close conjunction with each other. 

Each set has its special influence upon the program. Subject matter objectives 

determine the content of the program. Long-range objectives determine what is 

done with the content. Neither set is effective without the other.

One criticism that has been voiced by scientists and science educators in 

the past few years is that the school science teachers have presented science as a 

group of unrelated facts. The professional scientists have stated additional 

criticisms indicating that science teachers have confused technology with science 

and also confused problem-doing with problem-solving to the neglect of the 

latter in the courses. They also indicate that pupils have not been given a chance 

to formulate their own problems and work out schemes for uncovering facts 

themselves.

The long range objectives presented by the National Science Teachers 

Association in 1961 are as follows (Anon. 1961):

A basic knowledge of the nature of the scientific enterprise.

An increase in the mathematical, observational and experimental skills 

Understandings related to the interrelations of science and society.

Increased understanding of the concepts and theories which describe and unify 

the fields of science.

Teaching is more than the presentation of facts. Teaching is the 

development of new ways of thinking - a development that reveals itself in
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increased skills with the problems of life, in new habits of action, in more 

desirable attitudes in a benefited personality and in an improved character not 

by the number of textbook pages read or the percentage of a syllabus covered. 

Science can justify its place in the curriculum only when it produces important 

changes in young people - changes in their ways of thinking, in their habits of 

action and in the values they assign to what ih* have and what they do.

Science teachers have long recognized the need for sound objectives in 

curriculum planning. Objectives strongly influence the organization of the 

curriculum and at the same time, they provide the guidelines for the selection of 

teaching techniques. In the development and planning of a science curriculum, it 

is important to know and understand the purpose for which the curriculum is 

being established.

In terms of science education for all students, that is “general education" 

in science, the National Science Teachers Association has offered the following.

1. As a result of science education, students should habitually and fully 

employ sound thinking habits in meeting problem situations in daily 

walks of life. They should exhibit reasonable, mature attitudes related to 

tolerance, curiosity, honest doubt, and the like. To do this, young people 

must have an understanding of faith in, and direct practice of sound 

methods and attitudes of thought.

2. As a result of science education, students should recognize and 

acquire their place in a society which is largely scientific in character. 

They should be in the process of developing a personal philosophy based 

on the understanding, and logic rather than one based on superstition, 

intuition or wishful thinking. To do this, students must acquire a working 

knowledge of the relations between science and society, science and 

individuals, science and technology.
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3. As a result of science education, students should develop personal 

interests, some of which are related to science. They should recognize and 

enjoy some scientific aspects of their natural and man-made environment 

and should appreciate and respect the efforts of those made the latter 

possible. To do this, students must have varied and pleasant experiences 

in activities related to science, and should know something of the 

development of science and of the people who have contributed towards 

it.

4. As a result of science education, students should base their opinions, 

decisions and actions on a reasonable background of principles and 

conceptual schemes in science. They should not only carry on sound 

thinking. They should have a fund of reliable knowledge with which to 

think. They should also be able to locate needed science information 

which is within the limits of personal memory. To do this, students must 

have adequate understanding of the broad generalizations and 

conceptualizations of science, as well as some command of the more 

important factual knowledge in science.

The final attainment of these objectives will depend on how well each 

science teacher structures his instructional program. It should be obvious 

that they will not just "be held up along the way" by the student.

It should help

-Young people fit themselves into their society 

-In maintaining physical health and well-being.

- Pupils with personal adjustment

- Pupils appraise themselves realistically.
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- In encouraging independence

- In giving pupils exploratory experiences

- Pupils meet the problems of everyday living.

- In preparation for later experiences of life.

The science program should be well adapted to help meet the three 

general objectives of education : (1) to give information about natural resources, 

(2) develop desirable attitudes towards the use of these natural resources, to 

develop desirable attitudes towards the use of these natural resources and (3) to 

give experiences with conservation practices.

Experimentation is so much a part of science that it is difficult to conceive 

of a science program without this type of activity. One of the major objectives of 

the science program has always been the development of an understanding of 

the experimental method: this was true even during the early days of formal 

science training in secondary schools. There has always been provision for some 

type of laboratory work and for experimentation in secondary school science.

Experiments and laboratory work are almost - but not quite - 

synonymous terms in the secondary school science program. There may be some 

experimentation done outside the laboratory and some laboratory activities 

cannot be called experiments. But in practice most of the experiments done by 

pupils are part of their laboratory work and most of their laboratory work 

involves experimentation.

Laboratory work, at its best, is an integral part of the science program, 

developing naturally out of other types of activities, and in its turn leading 

towards other forms of class work.
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In a broad sense many activities can be listed as experiments. A pupil 

mixing orange juice and milk "just to see what happens" is experiment. His 

purpose is vague, his procedures are not clearly thought out, he has no controls 

and no plans for making observations. He may draw no conclusions. But he is 

trying something without knowing the outcome.

Experiments range from these simple activities to exceedingly complex 

attacks on problems. From the teaching standpoint, the simpler experiments are 

important because the attacks used are more readily adapted to the everyday 

situations pupils encounter. Highly formal experiments have little application in 

the lives of young people.

Many activities carried out in science laboratories and labeled 

"experiments" are little more than exercises with laboratory equipment. Some 

are frankly designed with a single purpose - to familiarize pupils with certain 

pieces of apparatus or with certain skills. Many are designed to demonstrate 

certain principles.

The chief distinction between an "experiment" and an "exercise" lies in 

the information given to the pupils. In an experiment, a pupil does not know 

what the results of his investigations will be. In an exercise he is told precisely 

what the outcomes of his work should be and how to attain them.

Pupils vary greatly in their reactions to situations in which they are told 

what to do, what to see, and what conclusions to draw. Some wait patiently and 

conscientiously and are pleased when their results come out as expected. They 

seem to enjoy the feeling of security that this type of work gives them.
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Other pupils demand more challenge. They want to find out things for 

themselves. They are stifled by cut and dried exercises. The ideal program 

provides opportunities for both personalities.

Standardized laboratory exercises probably owe their misuse to the 

relative ease with which they are conducted. A teacher need only provide his 

class with materials and a set of directions. After a little experience, he is able to 

anticipate almost all the difficulties and need give little attention to his class 

during the laboratory period. His program confronts with the traditional 

concept of laboratory work and he feels no compulsion to provide more 

challenging problems for some of his pupils. A conscientious teacher, however, 

recognizes the strengths and limitations of standardized laboratory exercises. He 

makes use of them to enrich his program and he provides other types of 

activities for pupils who need them.

The introduction of new techniques and new apparatus provides an 

element of discovery that appeals to pupils. Early experiences with microscopes 

are stimulating to pupils in a biology course. An introductory exercise with glass 

bending helps create a favorable attitude towardsgeneral science.

Standardized laboratory exercises can be used to initiate independent 

work for those who have the inclination to do so.

Real scientific experiments, originated and carried out by the pupils 

themselves involve high level thinking. Students gain practice in recognizing 

and defining problems. Their ingenuity is challenged and exercises in devising 

methods of attack. They become familiar with the limitations of data and the 

need for caution in drawing conclusions, and they develop the habit of critical 

thinking.
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Some pupils are not ready to undertake original experimentation but they 

are interested in following up suggestions given by their teacher or the books 

available to them. If they are allowed to work independently, without continued 

interference from the teacher, they will benefit as mentioned above, though to a 

lesser degree. And as they mature and gain experience, they too may undertake 

original research.

There are some pupils who seem to lack ability for original work. These 

may benefit from standardized laboratory exercises by learning, to follow 

directions, to keep good records, and to take responsibility for careful work. 

They will learn much about their strengths and limitations. They may find that 

the work of laboratory technicians appeals to them.

An important contribution of laboratory work is the broadened appeal 

this type of work gives to the science program. Adolescents enjoy activities in 

which they can work together. They like the excitement of the unknown, the 

opportunities to manipulate materials, the comparative freedom of action and 

the satisfaction of tangible achievements. An exciting laboratory program can do 

much to draw young people into science courses and ultimately into scientific 

vocations.

Uniform laboratory activities as carried out by the secondary school 

students have certain advantages. All pupils gain a common background of 

experiences. Directions and guidance are easier to give when starting a new 

topic. And out of the uniform work may develop special interests that the pupils 

may pursue individually.

Excellent suggestions for laboratory activities can be found in textbooks 

and laboratory manuals. Popularized science books also contain excellent
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suggestions that may be adapted readily for the school laboratory; some of the 

suggestions are especially valuable because they call only for simple materials 

and procedures.

All suggestions for laboratory activities need careful analysis before they 

can be included in the program. Some points that should be considered are as 

follows:

1. Is the purpose easily understood?

2. Can clear-cut directions be given?

3. Are the procedures simple and direct?

4. Can results be obtained in a short time?

5. Are the materials familiar to pupils?

6. Are the materials inexpensive, readily procured and easily stored?

7. Are applications of the findings obvious?

These facts have been kept in mind while selecting experiments for the study.

Causes for failure of lab activities:

The selection of laboratory activities should be influenced by the need for 

concise, clear-cut directions. Many an activity, otherwise suitable, fails because 

the directions are too complex for pupils to follow. Such activities are better 

suited for special assignments for talented pupils.

Another factor important in selecting activities is the length of time 

needed to attain results. Pupil attention is apt to drift markedly after fifteen or 

twenty minutes of one type of activity. Experiments in which results can be 

attained in less time are best suited for uniform laboratory assignments.
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A deciding factor in the selection of a particular activity may be the type 

of materials required. Some activities utilize materials that are too expensive to 

provide in quantity, or too delicate to withstand rough usage. There is also the 

problem of storage which may prevent the use of bulky or awkwardly shaped 

items.

In general, it is best to make free use of common place and familiar items. 

Pupils feel at ease with such materials and they see more clearly the applications 

of their work to everyday situations. They see possibilities for doing equivalent 

experiments at home.

The directions for uniform laboratory activities must be explicit; often they 

outline in cookbook exactly what to do. There are times, however, when the 

problem is simple that procedures can be discovered by trial and error. Then no 

directions need follow the statement of the problem.

Oral directions may be adequate for one-step activities if the directions are 

simple enough to be remembered.

When the pupil has performed the experiment and has drawn conclusions 

from the data that he has collected, he can then be asked to predict experimental 

results for related experiments. In this way, thinking can be acquired on the part 

of the pupil to interpret his observations and data. Pupils will see that open- 

ended experiments will lead to other experiments. Pupils will also realize that an 

experiment should be observed and questioned from every point. The open- 

ended experiment is adaptable to laboratory periods of varying lengths. 

Experiments can be advised so that pupils can continue the experiment as a 

home assignment.
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Ideally the experiment should require the same amount of time for 

completion. Actually this is impossible because pupils work at different rates but 

if the activities selected are relatively short there is less variation in time needed 

for completion than when lengthy exercises are provided.

The major contributions of laboratory work result from the opportunities 

for manipulation that are provided to each pupil. Opportunities for 

manipulation are at a maximum when pupils work alone. However, most 

adolescents prefer to work in groups and there are advantages in allowing them 

to do so.

One of the chief objectives of laboratory work is to allow pupils to learn 

for themselves, by solving the problems that they encounter in their work. After 

purposes have been defined and procedures outlined, the place for the teacher in 

the laboratory is in the background. A teacher may move from group to group 

giving encouragement, clarifying procedures, straightening out

II misunderstandings, and stimulating fast working pupils to undertake new

problems. But his presence in the classroom should not be required for 

successful operations.

Independent laboratory activities confer on pupils certain benefits that are 

not permitted by uniform laboratory assignments. Pupils become best 

acquainted with their own interests and abilities when they are working on 

problems of their own choosing. Their special needs and special talents are best 

provided for through individualized assignments.

Pupils do not often suggest complex original problems that they would 

like to undertake in the laboratory. Their teacher usually finds it necessary to 

provide them with specific investigations. However, once pupils learn that they
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are free to adapt the suggestions or to originate their own, they become much 

more independent.

Some pupils display more originality in proposing problems than others. 

Undoubtedly, the nature of the experience background is important. Practice 

also seems to be a factor. Pupils who are used to taking initiative are more 

productive of ideas than pupils who have always been compelled to followM^®7*7 

directions.

Often, there are, in a class, pupils who are not challenged by any of the 

problems stated. If these pupils have strong science interests, it may be easy to 

encourage them to propose their own problems even though these may not be so 

closely related to the topic as a teacher might think desirable. If the pupils are 

deterred by lack of general interest, a teacher can sometimes help them make a 

choice from the list by describing in some detail how a certain problem may be 

attacked. The vision of carrying out the activities involved may stimulate them 

to begin work even though they are not particularly interested in the outcomes.

Somewhat greater flexibility and initiative are possible if pupils are 

permitted to discover for themselves suggestions for their laboratory work.

Laboratory manuals are unquestionably time savers. The teacher is freed 

from the preparation of directions for each laboratory period. He need not use 

class time for giving directions. Pupil time is saved because the directions have 

been worked out so carefully that positive results can be obtained without 

fumbling. And if a manual with record forms is used, pupils need spend little 

time organizing and reporting data.
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Pupil reaction to laboratory manuals is varied. Some pupils like definite 

assignments which need only to be carried out carefully to obtain success. 

Others like the forms for reporting data because they need not concern 

themselves with the type of organization to be used. However, some pupils fret 

at the lack of freedom, they find no challenge in working towards outcomes they 

recognize in advance.

Use of laboratory manuals may be justifiable in some situations. Teachers 

with exceptionally heavy teaching loads must look for all types of labour saving 

devices. A chemistry teacher with six sections of thirty pupils each undoubtedly 

needs some type of manual, either a commercial form or one which he has 

prepared. He could not keep up with his work otherwise.

Taking an overall view, our problems in education are gigantic. About 

half our population is illiterate. There are then the problems of the handicapped, 

the underprivileged and education of girls, especially those in rural areas. The 

whole situation is like mouldy, if not fully rotten, bread. We have to find our 

own "penicillins" by breaking up our problems at their joints in the phraseology 

of Plato. The hammer must fall sooner or later on the anvil, thus giving the 

whole nation an Indian Tradition of Science Teaching. So it is a problem for all : 

researchers, administrators, science teachers and students, too. They should 

learn to master the stimuli rather than the responses. It is also highly desirable to 

draw appropriate lessons from international experiences for our benefit. Until 

then, the following message is clear.

It is time to dream, time to visualize, time to act, time to know, time to 

accept and reject, time to remember and time to reach the infinite by developing 

the scientific and technical capabilities of our children, an entirely new race to be 

run for winning new posts in education in the next century.
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Review of Literature

A major global trend obviously is the increasing use of modern scientific 

and communication technology in education, Indian secondary education has to 

take special note of this if we are to stand along with the developed nations in 

science and technology. For this skill development is a must. The earlier we 

start, the better it is. What could be better than the secondary stage then? Since 

the attitude of school students towards various subjects differ - it is better to 

bring in variables like sex and intelligence to the study. It has been found that 

girls have an overall positive attitude towards some subjects and boys had a 

better attitude towards science subjects.

According to a report of National Academy of Sciences, Washington, 

USA, one challenge to teachers of science and to curriculum developers is 

making science investigations meaningful. Investigations should be derived 

from questions and issues that have meaning for students. A critical component 

of successful scientific enquiry in grades 9-12 includes having students reflect 

on the concepts that guide the inquiry (Anon, 1995).

Laboratory programs are an important part of science education if not the 

most important. The importance of the laboratory component to secondary 

school education can be inferred by the large number of goals ascribed to it. In 

comprehensive reviews of laboratory instruction, Mary, Queen of Scotts (1999) in 

her paper has quoted 1547 distinct objectives of the science laboratory, which can 

be broadly grouped into the following five categories.

1

2

3

conceptualization and illustrative goals 

cognitive goals 

psychomotor goals
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4. processing goals

5. affective goals

Pandit (1989) identified eight major lab skills in chemistry in their 

hierarchical order. There was a significant relationship found between the ability 

to learn content in chemistry and the ability to acquire cognitive and 

manipulative skills.

Generally, the students verify only what is known. They hardly make use 

of their talents and tools in their lab work. The question arose as to what kind of 

lab skills develop and are tested in practical examinations later on? It was felt 

that a major reform is needed here despite the fact that we have improved 

science-teaching facilities all over the country. ,

Similarly, Kumari (1991) stressed the effect of intelligence, achievement 

(biology) and extraversion on the ability to question in class IX pupils - he found 

that these influenced the number and level of questions asked.

Blosser, Practicia (1984) has come out with a list of desired outcomes in 

students of Grade 7 and 8. Our study here could be modified and furthered to 

come out with remedial measures for these outcomes.

In another study by Gerald Sounders et ah (1997), list of expected skills 

and competencies have been viewed as a dynamic rather than static target. Skills 

have been placed here in order of importance from most to least important based 

on survey responses. Essential and non-essential lab skills have been outlined.

In another paper by Mary, Queen of Scotts (1999), it is mentioned that 

very little learning occurs in the lab and that students concentrate more on

16



getting correct results than in thinking about how scientific principles are 

applied. The type of lab experience a student receives has been found to depend 

on pedagogy and instructional methodology in the lab. Expository, inquiry 

based, discovery based and problem-based labs are four types of curricula used 

in undergraduate labs (especially in chemistry). Can the same be done for bio 

labs - is the question that arises. Would this result in improved skill attainment?

Some educationists have made a special mention that (Mary, Queen of 

Scotts, 1999), have made a special mention that if the goal of science curriculum 

is for students to see the whole elephant - then the lab curriculum must provide 

students with pedagogical tools to incorporate all of the parts of the animal into a 

coherent whole.

Use of computerized databases to facilitate development of inquiry skills has 

been studied by Maor (1991).

Several studies in dealing with differences in academic ability have shown 

that a higher percentage of female students select the liberal arts track while the 

science track is selected more often by males.

Context, Need and Importance:

Unfortunately, the gap between the goals of laboratory work and the 

actualized outcomes is vast. On the surface, the secondary school science 

laboratory would appear to be an effective strategy to changing students' 

misconception; however evidence suggests that these goals are being achieved. 

Although about 50 reviews of science laboratory instruction were published in 

the last 50 years, surprisingly little quantitative or qualitative research studies 

have evaluated the effectiveness of learning in the laboratory and very little or no
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research has been done to determine biology laboratory skills and competencies 

which are found difficult to acquire by the students of higher secondary school.

Thus, in this investigation an attempt has been made to identify the 

biology laboratory skills and competencies, which are found difficult to acquire 

by the students, and an attempt is also made to correlate the acquisition of skills, 

theoretical knowledge and intellectual level of the student. Our goal was to 

create a list of biology laboratory skills and competencies, which are difficult to 

acquire by the students, and we hope this will go a long way in helping 

curriculum development and teachers in incorporating appropriate remedial 

measures to the problem.

Statement of problem:

The aim of the present study was to identify and observe the difficulties 

related to skills in lab situation; to test the theoretical knowledge of the skills of a 

specific activity and co-relate performance in theory and practicals and to find 

out probable reasons for the difficulties experienced by students. It was also 

decided to bring out a compendium of difficulties faced by the XIIth Std. 

Students, giving an idea of the extent of these difficulties and the reasons for 

them. In addition to the above-mentioned aims, the project was planned -

1. To create a list of difficult lab skills and competencies.

2. To create a list of skills to be attained and this could be used in 

teacher education programmes (both pre and in-service).

3. Probably one could come out with formulation of a lab technician 

course for the lab assistants of our colleges based on such studies - 

this could be used in RIE curriculum.

4. To construct a physical, conceptual, mathematical model based on 

explanation.
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5. To come out with remedial measures for say problem solving skills 

in students at +2 levels - this would help in redesigning entire 

college admissions and interviewing procedures - also to evolve 

strategies in helping teachers to teach problem solving in science - 

laboratory skills. Remedial measures could be incorporated as a 

biotechnology option in the present curriculum.

6. To find out difference in attainment of science laboratory skills 

between males and females.

7. A course in lab skills if designed would generate employment 

opportunities, give more hands-on experience and make one more 

competitive in the job market. A career as research technician is 

possible.
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Chapter- II

Methodology

Keeping in mind the aims of the study, it was decided to make a 

comprehensive analysis of procedures involved in practicals in biology of XIIth 

std. Schools were selected in Mysore based on ready access, co-operation and 

feasibility of conduction of practicals. Both central and state schools were 

selected.

The Sample:

To get diverse and wide range of data and to arrive at a realistic 

conclusion, 3 schools / colleges of Mysore city, each of them representing a 

different background, were selected. The selected institutions were

1. Demonstration Multipurpose School (DMS), Regional Institute of 

Education, Mysore. (Central)

2. Mahajana's Pre University College, Jayalakshmipuram, Mysore. (State)

3. JSS College for Women, Saraswathipuram, Mysore. (State)

DMS is a government owned school with CBSE syllabus. It has got good 

lab facilities and admission is restricted and is based on merit. Hence generally 

the students of this school are above average and gets good results at the 

examination. Though it offers co-education facilities, girls dominate the student 

community. Teachers are experienced and well qualified and the student teacher 

ratio is small. Overall the school has got good reputation in Mysore city.

Mahajana's P.U.College is a government aided private institution. 

Admission is not restricted and is open to any person; hence the student 

community is diverse with some of them getting good results while the
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others are not. Though it is co-education institute boys dominate the student 

community. The lab facilities are average and some of the teachers are 

experienced while the others are freshers. The student teacher ratio is high.

JSS College for Women is a private institution. Like Mahajana's here also 

admission is not restricted, hence the student community is diverse with 

some of them getting good results while the others are not. Unlike other two 

institutions, here the admission is restricted to girls only. The lab facilities 

are good and the teachers experienced. The student teacher ratio is high.

These Institutions were selected considering various factors like similarity 

of school curricula, availability of infrastructure (mainly related to lab facility), 

students, teachers, student-teacher ratio and profiles, co-education status and sex 

ratio.

Eight practicals or activities involving specific skills of microscopy, 

observation, section cutting and mounting, teasing and mounting, preparation of 

reagents, explanation, description, and experimentation were identified (Table 

2.1). These practicals were selected based on availability of infrastructures, lab 

facilities and lab materials and ease of execution of the practicals for a large 

number of students at a time. The activities with their skills and sub-skills were 

listed out. Then the activities carried out on a sample of 80 students from 

three schools of Mysore viz., 24 students from DMS, 29 from Mahajana's and 27 

from JSS in December 2002. the skills associated with each experiment were kept 

as the variables.

The data generated with the aid of study tools like check lists, Diagnostic tests 
and Raven's standard progressive matrices tests along with their respective
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Table 2.1. List of practicals and major skills

SI. No. Practical Major Skill

1 Use and care of compound microscope Microscopy

2 Observation of Permanent Slide of Monocot 
Stem

Observation

3 Making transverse sections of Dicot stem and 
study of different tissues under microscope

Section cutting and 
mounting

4 To prepare temporary mount of onion root tip 
to study various stages of Mitosis

Teasing and Mounting

5 Preparation of Reagents Preparation of Reagents

6 Test for Sugar and Albumin Explanation

7 Identification and description of China Rose Description

8 To study effect of temperature, pressure and 
solute concentration on osmotic movement of 
water

Experimentation
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score sheets and answer keys (sets A, B, C, D & E)7were analyzed with the help of 

standard statistical tools.

Construction of tools:

The experiments were selected carefully keeping major skills in mind. 

Several sub-skills and their criterion measures were identified by critically going 

through the minute details of the instructional methodology for each experiment. 

Out of the tools used, 2 were constructed by us and the third was a standardized 

one.

Based on the sub-skills identified along with their criterion measures 

check lists were prepared for each experiment (ref. Appendix - 1). Based on the 

check lists, scoring keys were prepared for each of the eight experiments. Scoring 

key for the experiment “Use and care of compound microscope7' is presented in 

the Appendix - 2 as a common representative type. If a student is able to attain 

successfully a particular skill during the course of a practical it is ticked (^). If 

not a cross(x) is put. Thus the cross is an indicator of levels of difficulties in 

skills.

Tool - 1: Check lists for assessment of 8 major skills

Check lists for assessment of 8 practical skills were constructed, and 

scoring keys were used together by the investigators to generate the data. 

During the practical classes conducted for each experiment the difficulties in 

acquiring biology lab skills were analyzed for each students with the help of 

criterion measures presented in the checklists and the scoring was done on the 

scoring key. Based on the scores the skills were assessed and the data subjected 

to statistical analysis.

Tool -2: Diagnostic Test for 8 practicals
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Diagnostic tests represent and cover the entire area of content pertaining 

to each practical. While writing the items of Diagnostic test care is taken to see 

that they are appropriate and up to the level of the students we are dealing with. 

Due weightage was given to different types of questions like match the 

following, true or false etc. A set of questions, which include fill up the blanks 

and marking correct answers were also prepared for each experiment and 

administered as diagnostic test at the completion of each experiment. The test 

papers were evaluated with the help of answer keys' and the scores were 

assigned to each student based on his/her performance. Diagnostic Test for all 

the 8 experiments are presented in Appendix - 3 and the answer keys for each 

diagnostic test are presented in Appendix - 4.

Tool - 3: Standard Progressive Matrices Test (Standardized)

To test the intelligence a 'standard progressive matrices Test' was 

administered for each student. The test was designed by J.C. Raven (1996) of 

U.K and has been consistently used by researchers throughout the world. The 

obtained scores were converted to percentage and final scoring is done based on 

the guidelines given in the manual depending on the exact age of the student.

All the three sets of data i.e., acquisition of practical skills (from scoring 

key based on practical skill), content knowledge (Diagnostic Tests) of each 

experiments and intelligence test (SPMT) were analyzed and compared school 

wise. The difficulties exhibited by students in various skills and sub-skills were 

analyzed qualitatively.

Experimental procedures:

Out of the syllabus of XIIth Std. Only 8 experiments based on involvement 

of basic concepts and skills in botany were selected. The experiments selected

24



along with their major skill were presented in the Table-2.1 and the text given 

below indicates instruction given verbatim for the conduction of the practicals.

Practical 1. Use and care of compound microscope

Major Skill: Microscopy

The Microscope in use
1. Place the slide on the stage, free of fingerprints and dust. Fix it with the help 

of two clips on the stage.

2. View through the eyepiece, using the low power objective focus first with

coarse and then with fine adjustment. Control light with the

diaphragm.

3. For finer details, change it to high power objective lens. Adjust the focus 

with fine adjustment knob.

4. The objective should not touch the slide. This may damage it, or dirty the 

objective.

Care of the Microscope

1. Wipe the lenses and mirror with lens tissue paper to remove dust and 

finger prints which otherwise impede the passage of light and reduce 

the quality of image.

2. Check that the condenser is completely racked up.

3. Always focus low power objective lens on the specimen then go for 

high power. Direct use of high power may damage the slide.

4. Direct sunlight on the mirror should be avoided as it may damage the 

eyes.

5. Always carry the microscope with one hand on handle and other 

under its base.

Practical 2. Observation of Permanent Slide of Monocot Stem
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Major Skill: Observation

1. Place the selected slide slide on the stage, free of fingerprints and dust. 

Fix it with the help of two clips on the stage.

2. View through the eyepiece, using the low power objective focus first with 

coarse and then with fine adjustment. Control the light with the 

diaphragm.

3. For finer details, change it to high power objective lens. Adjust the focus 

with fine adjustment knob.

4. The objective should not touch the slide. This may damage it, or dirty the 

objective.

5. Select the appropriate slide, it should be a thin, uniform and complete one.

6. Scan the slide for proper section.

7. With the help of a pointer point the different tissue types.

8. Draw a neat labeled diagram of the section as seen under microscope.

Practical 3. Making transverse sections of Dicot stem and study of different

tissues under microscope

Major Skill: Section cutting and mounting

Section cutting:

1) . Cut the sections of the material as directed in the landmarks.

2) . Keep the sections in water in a watch glass. Remove the pith material

if used. Thin sections float in water.

3) . Select a thin, uniform and complete section, place it over the slide with

the help of a brush.

4) . Put two drops of stain over the section. Allow it to stand for two

minutes.

5) . Wash away the excess stain with acid water.

6) . Put a drop of glycerine over the section and cover it with the coverslip.

Observe it under the microscope.
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Mounting

1. Killing and fixing the material : The living material is killed and fixed in 

proper fixative according to the nature of material.

2. Sectioning : The material is sectioned if its histology is to be studied for 

squash preparation, epithelial, cheek or sperm cells etcq/or whole organism 

study, sectioning is not required.

3. Staining : According to the chemical nature of the material, acidic, basic 

or neutral stain is used for staining the study material.

4. Mounting:

a) In the centre of the clean slide a drop of water or glycerine is put. Both 

are common mounting mediums for temporary slide preparations.

b) Take a clean coverslip, place it slanting with one end touching the 

water or glycerine support the slide with the help of a needle as shown 

in the figure. Bring the coverslip down slowly on the slide. This will 

avoid air bubbles in the mounting fluid. Air bubble if seen can be 

removed by gentle side to side movement of the coverslip.

c) Put a table on the side of the slide indicating the name of the material 

and stain used. Observe the slide under the microscope.

Practical 4. To prepare temporary mount of onion root tip to study various stages 

of Mitosis

Major Skill: Teasing and Mounting

1) . Take a conical flask filled with water. Place an onion on it with its roots 

touching the water. Kept it for a week to grow the roots to 2- 3 cms.

2) . Cut the roots between 8 to 10 a.m. when they show most active mitosis.

3) . Put the cut root in a fixative made up of 1 : 3 acetic acid and alcohol solution. 

This keeps the cells as it is for future use.

4) . Take root and dip it in cone. Hydrochloric acid and remove immediately.

5) . Wash the root thoroughly with water otherwise it will not take stain.
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6) . Take a tip of the root on a clean slide, put a drop of acetocarmine stain on it 

and allow it to stand for 8-10 minutes.

7) . Move the slide with the onion tip soaked in acetocarmine, gently over flame 

of the spirit lamp and cool it. Repeat the process 4-5 times.

8) . Put fresh stain on the slide, cover it with the coverslip, fold a filter paper and 

keep it over the coverslip, hold it along the sides of the slide and tap it gently 

with the fore-finger till it gives cloudly appearance. The root tip squash is ready.

Practical 5. Preparation of Reagents

Major Skill: Preparation of Reagents

I). Biuret reagent:

1) . Prepare 9.5 ml of 3% Copper sulphate solution in a test tube

2) . Prepare 100 ml of 10% Potassium hydroxide in a beaker

3) . Add Copper sulphate to Potassium hydroxide

II) Benedict's reagent:

Sodium citrate 17.3g

Anhydrous sodium corbonate lOg

Distilled water 80ml

Dissolve the above chemicals and filter 

Copper sulphate 1.7g

Distilled water 10ml

Dissolve Copper sulphate in water and then mix both the solutions to get 

Benedicts reagent

Practical 6. Test for sugar and albumin

Major Skill: Explanation

1). Coagulation test to detect Albumin in a given sample

Fill 2/3rd of the test tube with the sample and heat only the upper part of 

the test tube on the flame (lower part is not to be heated). Heat till the upper part
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starts boiling and becomes turbid. Then add a few drops of acetic acid. The 

presence of cloudiness or turbidity after addition of acetic acid confirms the 

presence of albumin in the given sample.

2). Benedict's test to detect sugar (glucose) in a given sample

Take 5ml of Benedict's reagent in a test tube and add 8 drops of sample

solution to it. Boil the mixture for 1 or 2 minutes and then allow to cool.

A colloidal precipitate - green, yellow or red in color depending upon the

amount of glucose present is formed. If glucose is not present, the solution either 

remains clear or shows a faint turbidity. Green or yellow precipitate shows small 

amount of sugar while red precipitate much larger amount of sugar in sample.

Practical 7. Identification and description of China Rose 

Major Skill: Description of the species

Group - Angiosperms
Sub-group - Dicotyledonae
Division - Polypetalae
Series - Thalamiflorae
Order - Malvales
Family - Malvaceae
Genus - Hibiscus
Species - Rosa sinensis

Distinguishing Features
Habit and
Habitat

- Cultivated, ornamental shrub

Root - Tap root
Stem - Erect, solid, woody, cylindrical
Leaf Simple, serrate margin, petiolate, reticulate 

venation, acute apex, stipulate (lateral), 
alternate leaves.

Inflorescence - Raceme
Flower Pedicellate, bracteate, bracteolate, scarlet red, 

complete, actinomorphic, bisexual, 
pentamerous, hypogynous.

Epicalyx 5-7 green bracteoles, free.
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Calyx - 5 sepals, green gamospalous, valvate, 
aestivation, inferior.

Corolla - 5 petalas, gamopetalous, twisted, red, attached 
with stamen tube at base, inferior.

Androecium Infinite, monadelphous, epipetalous at base, 
reniform, single lobed, dorsifixed, extrose 
(dehiscing away from centre of the flower), 
inferior.

Gynoecium Pentacarpellary, Synarpous, Pentalocular, 
Superior ovary, Axile placentation, 5-stigma, 
style runs through staminal tube.

Fruit - Capsule
Floral formula - Br, ©, Epis-? K(5) C5 A(a), G(5)

Practical 8. To study effect of temperature, pressure and solute 

concentration on osmotic movement of water 

Major Skill: Experimentation

1) . Take two beakers A and B. Take 250 ml of ice cold water in A and 250 ml of 

hot water in B Beaker.

2) . Put one raisin in each beaker. Endosmosis will take place in the dry grape. 

Record the time when it becomes completely turgid.

3) . In another beaker C take 250 ml of 20% glucose solution and in beaker D take 

250 ml of 5% glucose solution. Put one dry grape in each beaker. Record the 

time when they become fully turgid.

4) . To see the effect of pressure on osmosis, take a raisin (dry grape) in a 

transparent piston with 20 ml of water at room temperature. Press the piston to 

apply pressure on water. In a small beaker, 'E' take 20 ml of water with raisin at 

room temperature as control set. Record the time when it becomes completely 

turgid (round in shape).
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Chapter - III

Results

Section 3.1: Performance of students in different major skills

The data presented in Table 3.11, show that, among the eight major skills, 

performance of students is poor in practicals involving description of China rose 

with a mean score of 53.53, which is much below and significantly lower when 

compared to the next difficult skill of teasing and mounting (72.28).

All the school students fared excellently in practicals involving skills of 

experimentation (87.02%), observation (85.58%), preparation of reagents (85.61%) 

and explanation (84.12%). As is seen from the table the average score is above 

80%.

Average performance is observed with respect to skills of microscopy 

(76.37%), Section cutting and mounting (75.11%) and Teasing and mounting 

(72.28%).

School wise, students of DMS are excellent in all practical skills except 

description. Students of Mahajana's & JSS are excellent in experimentation, 

preparation of reagents, observation and explanation. They are average in 

description and are good in rest of the skills involving microscopy, section 

cutting and mounting and teasing and mounting.

The results were further confirmed by the data presented in Table 3.12, 

which shows categorization of students into poor, average, good and excellent 

based on obtained scores in each skill. About 90% of the DMS students are 

excellent in skills involving observation (S2), preparation of reagents (S5),
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Table 3.11. Identification of difficult biology laboratory skills in higher secondary 
students of three schools.

SI.
No. Major Skill

Obtained scores (%) in skill test

DMS Mahajana’s JSS Mean

1 Microscopy 83,08 69,72 76,30 76,37

2 Observation 89,71 84,62 82,41 85,58

3 Section cutting and Mounting 79,29 74,45 71,59 75,11

4 Teasing and Mounting 79,38 67,21 70,26 72,28

5 Preparation of Reagents 86,07 84,69 86,07 85,61

6 Explanation 89,96 81,34 81,22 84,17

7 Description 58,00 51,97 50,63 53,53

8 Experimentation 92,29 84,97 83,81 87,02
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Table 3.12. Categorization of students based on their obtained scores in each skill.

Institute Category
No. of students under each category

S1 S2 S3 S4 S5 S6 S7 S8
DMS
(Total
Strength
24)

Poor 0 0 0 0 0 0 1 0

Average 2 0 2 1 0 0 13 0

Good 5 4 9 10 5 0 10 1

Excellent 17 20 13 13 19 24 0 23

Mahajana’s

(Total
Strength
29)

Poor 1 0 0 1 0 0 10 0

Average 10 0 8 10 0 0 7 0

Good 9 5 7 10 9 11 11 11

Excellent 9 24 14 8 20 18 1 18

JSS

(Total
Strength
27)

Poor 1 0 0 0 0 0 14 0

Average 3 0 2 13 0 0 2 0

Good 13 11 22 5 7 11 8 7

Excellent 10 16 3 9 20 16 3 20

Total

(Total
Strength
80)

Poor 2 0 0 1 0 0 25 0

Average 15 0 12 24 5 0 22 0

Good 27 20 38 25 21 22 29 19

Excellent 36 60 30 30 59 58 4 61

S1-S8: Major skills 1-8 (ref. Tab.2.1)
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explanation (S6) and experimentation (S8). In description, the most difficult skill 

identified more than 50% are under average and remaining are good except one.

Out of 29 Mahajana's students 10 have fared poorly in description (S7) 

and most of them are excellent in observation (24 students), preparation of 

reagents (20 students), explanation (18 students) and experimentation (18 

students).

Of the 27 students of JSS 14 have fared poorly in description. Most of the 

students have fared well in observation (16 students), preparation of reagents (20 

students), explanation (16 students) and experimentation (20 students).

Overall, of the total 80 students, most of them are excellent in skills 

involving observation (60 students), preparation of reagents (59 students), 

explanation (58 students) and experimentation (61 students). About 50% of the 

students are good in section cutting and mounting. A maximum average 

students (24) were found under Teasing and mounting and highest no. of 

students under poor category were found in description.

Section 3.2: Identification of difficult sub-skills in different major
skills

After the identification of difficult major skills, an attempt was made to 

identify the difficult sub-skills under each major skill and the data is preserved in 

tables 3.21-3.28.

Under microscopy, 'focusing the slide' was found to be the most difficult 

sub-skill with 57% of the students showing difficulty, and this is significantly 

higher when compared with other sub-skills. 'Use of diaphragm' was found to 

be the next difficult sub-skill with 41% of the students showing difficulty. This
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was followed by sub-skills of 'mirror / light adjustment' (36%), use of fine 

adjustment (35%) and sketching as seen under microscope (34%) (Table 3.21).

Placement of slide and objective adjustment were found to be least 

difficult among the sub-skills of microscopy.

School wise DMS students have fared better than JSS which is followed 

by Mahajana's.

Under the skill of observation 'on diagnostic feature' ie., listing out of 

diagnostic features was found to be the difficult sub-skill for 32% of students on 

the whole (Table 3.22).

Next in order of difficulty was selection of a good slide (27%) followed by 

focusing (17.5%).

Stage adjustment was found to be the least difficult sub-skill with only 

about 5% students showing difficulty.

Under section cutting and mounting, ability to remove excess stain was 

found to be the most difficult sub skill with 44% of the students facing difficulty 

(Table 3.23). The next in order are selection of good section and placement of 

slide (33%) and handling of razor and section cutting (31%).

Under Teasing and mounting, ability to wash the root material was found 

to be the most difficult sub-skill with about 55% of the students showing 

difficulty (Table 3.24). The next few sub-skills in order of difficulty were heating 

and use of spirit lamp (49%) followed by preparation of fixative (42.5%).
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Table 3.21. Identification of difficult sub-skills under Microscopy.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Eye piece adjustment 11.11 17.74 12.44 14.42

2 Objective Adjustment 1.15 1.45 1.62 1.31

3 Use of diaphragm 29.36 55.87 37.26 41.35

4 Mirror/ light 
adjustment

29.62 38.32 41.28 36.26

5 Focusing the slide 52.58 74.35 43.19 57.22

6 Placement of slide 0.90 0.00 0.00 0.00

7 Use of fine adjustment 8.12 48.24 44.26 35.47

8 Sketching as seen 
under the Microscopy

0.00 52.02 44.15 34.33
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Table 3.22. Identification of difficult sub-skills under observation.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Focusing 19.22 17.25 16.31 17.50

2 Stage adjustment 4.20 5.00 ' 5.00 4.70

3 Scanning the slide 1.00 15.22 17.11 13.73

4 Selection of good 
slides

24.39 24.01 33.00 27.03

5 Use of pointer 2.99 11.24 11.21 8.80

6 Highlighting a Section 
ofT.S.

1.00 11.00 11.00 8.30

7 Recognition 9.12 12.22 17.31 12.81

8 Identification of 
section of monocot 
stem

2.14 13.24 17.42 10.91

9 On diagnostic feature 24.13 32.32 38.00 31.73

37



Table 3.23. Identification of difficult sub-skills under Section cutting and Mounting.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Handling of razor and 
other materials and 
section cutting

28.12 33.31 32.25 31.22

2 Ability to keep section 
and to remove pith

4.12 14.25 11.31 10.22

3 Selection of good 
section and 
placement on slide.

26.38 37.62 34.15 32.52

4 Staining the Section 14.07 15.26 21.27 16.76

5 Ability to remove or 
wash excess stain

37.52 39.75 53.72 43.85

6 Use of cover slips & 
Glycerine

6.02 10.25 13.62 10.25

7 Focusing the slide 6.05 7.55 13.08 8.80

8 Ability to sketching as 
seen under the 
Microscopy

10.22 17.82 9.00 12.52
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Table; 3.24. Identification of difficult sub-skills under Teasing and Mounting.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Preparation of

Fixative

36.55 45.21 43.25 42.52

2 Ability to use and 
handle Con. HCL

13.33 33.52 23.62 23.25

3 Ability to wash, root 52.32 52.18 59.17 54.62

4 Ability to use slide and 
stain.

0.00 11.18 7.72 6.00

5 Heating and use of 
spirit lamp

44.58 49.08 53.92 49.25

6 Ability to squash 12.24 25.00 27.33 21.51

7 Observation and 
identification of stages

0.00 10.00 13.52 6.92

8 Sketching as seen 
under Microscope

0.00 12.25 11.52 8.00
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Table 3.25. Identification of difficult sub-skills under Preparation tlf Reagents.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Use of Chemical 
Balance

36.24 37.25 35.21 36.05

2 Accurate weighing of 
chemicals

27.24 24.21 30.52 27.24

3 Use of measuring 
cylinder & pipette etc.,

7.52 14.82 13.43 11.46

4 Ability to mix & filter 
using filter paper

0.00 5.0 1.00 2.55

5 Ability to stir 
constantly

0.00 0.00 0.00 0.00

6 Knowledge of burner 
or hot plate use.

3.21 14.63 4.27 7.25
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Table 3.26. Identification of difficult sub-skills under Explanation.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Use of Pipette 4.00 9.25 8.21 7.24

2 Ability to use test tube 
holds.

11.24 5.52 5.55 7.25

3 Use of burner 
(Bunsen)

0.00 6.02 6.66 4.44

4 Ability to distinguish 
colour changes

2.25 12.24 9.33 8.23

5 Ability to infer 35.27 71.25 72.52 61.27

6 Ability to mix with 
glass rods or by 
simple shaking

0.00 6.66 6.24 4.44
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Table 3.27. Identification of difficult sub-skills under Description.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Classification Ability 44.25 39.24 46.52 42.52

2 Habit and Habitat 11.21 11.24 13.25 11.11

3 Finding root system 13.24 24.25 22.22 20.52

4 Ability to finding stem 
feature

15.37 24.82 26.82 19.43

5 Identifying the type of 
leaf

53.33 52.81 59.81 54.56

6 Identifying the type of 
inflorescence and 
flower

58.24 59.52 62.31 60.05

7 Ability to distinguish 
Calyx and corolla

56.21 59.21 59.44 58.81

8 Ability to distinguish 
Androecium,
Gynoecium and Fruit

76.42 72.41 73.21 73.52

9 Knowledge of writing 
floral formula and 
diagram.

6.66 66.66 65.21 47.50
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Table 3.28. Identification of difficult sub-skills under Experimentation.

SI.
No. Sub-skills

% of students showing difficulty in skill test

DMS Mahajana’s JSS Mean

1 Knowledge of 
diffusion and osmosis

0.00 10.52 11.34 7.52

2 Knowledge of 
membrane type

0.00 14.25 22.32 12.53

3 Ability to handle the 
equipments

0.00 0.00 0.00 0.00

4 Ability to record 
turgidity time

4.41 4.25 5.26 4.42

5 Handling of 
thermometers

0.00 28.25 22.26 17.56

6 Ability to know the 
effect of pressure on 
osmosis 
(ie., Reasoning)

29.52 47.24 43.21 40.21

7 Ability to make 
observation

0.00 16.24 20.04 12.05

8 Ability to draw 
conclusions

22.82 24.72 25.61 24.80

9 Ability to draw 
experimental diagram

21.21 22.27 26.84 23.42
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Under preparation of reagents use of chemical balance was found to be 

the most difficult sub-skill with 36% students showing difficulty followed by 

accurate weighing of chemicals (27%) (Table 3.25).

Under explanation 61% students do not have inferring skills and is most 

difficult sub-ekill. (Table 3.26).

Description was the most difficult major skill identified and several sub 

skills under this skill were found to be difficult for more than 50% students. The

sub-skills are

Ability to distinguish androecium, gynoecium and fruit (74%),

Identifying the type of inflorescence and flower (60%),

Ability to distinguish calyx and corolla (59%) and

Identifying type of leaf (55%), 

in that order of difficulty (Table 3.27).

Under major skill of experimentation, a maximum of 40% students have 

difficulty in reasoning ie., ability to know the effect of pressure on osmosis (Table 

3.28). This is followed by ability to draw conclusions (25%) and ability to draw 

experimental diagrams (23%).

Section 3.3: Relationship between Diagnostic Test Scores and
Major Skill Test scores 

r
An attempt was made to correlate the content knowledge and acquisition 

of skills pertaining to each practical. The results of the study presented in Tables 

3.31,3.32, & 3.33 show that there seems to be a positive correlation between the 

two.

» 
ft 
ft 
ft 
ft 
ft 
►
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Table 3.31. Correlation between Content knowledge (Diagnostic test) and acquisition of skills (Skill test) of DMS students
Student

No.
Obtained scores

D1 S1 D2 S2 D3 S3 D4 S4 D5 S5 D6 S6 D7 S7 D8 S8
1 50 71 67 99 86 59 61 83 79 74 83 95 59 50 69 92
2 94 86 87 99 86 99 61 87 93 74 98 95 88 72 98 92
3 72 93 67 99 98 64 72 67 79 91 98 86 47 61 69 96
4 83 86 98 97 86 86 72 83 86 83 98 95 88 67 94 85
5 83 57 80 87 86 68 61 87 79 99 98 99 88 67 87 99
6 50 99 60 93 86 91 61 92 86 83 67 86 88 58 94 88
7 44 93 67 77 71 91 72 79 79 83 83 86 88 64 87 96
8 61 86 67 77 71 86 72 62 64 83 67 82 76 56 69 96
9 78 86 98 93 86 82 72 96 93 97 98 99 88 61 98 88
10 50 86 60 99 64 77 78 83 64 91 63 86 71 58 69 92
11 56 57 87 99 79 64 78 83 98 83 63 86 76 47 69 96
12 67 86 98 83 98 59 78 92 98 78 83 86 76 61 94 88
13 56 86 87 90 86 73 72 87 93 78 98 95 71 67 69 88
14 33 86 80 99 86 91 83 71 93 83 83 86 59 58 62 99
15 56 71 80 77 79 68 78 75 93 74 83 95 65 53 75 73
16 50 93 60 80 71 77 72 79 64 87 67 86 71 47 62 99
17 72 86 67 87 86 82 78 67 79 99 98 91 47 56 69 99
18 56 71 60 77 71 64 78 75 64 83 67 99 65 58 62 85
19 56 71 47 83 57 95 83 96 93 87 83 86 82 61 87 99
20 56 79 60 80 71 91 89 83 93 99 98 86 82 72 87 96
21 56 93 80 90 86 82 61 58 79 78 67 86 65 53 69 92
22 83 93 80 99 98 86 72 62 79 91 98 91 76 56 87 85
23 56 93 73 99 98 95 72 75 57 87 98 86 59 53 75 96
24 50 86 73 90 57 73 78 83 86 91 83 91 29 36 87 96

Corre. -0,06174 0,319149 -0,11238 0,029273 -0,16114 0,415881 0,655365* -0,1981

D1-D8 Diagnostic tests 1-8 (ref. Tab. ), S1-S8: Major skills 1-8 (ref. Tab 1), Corre : Correlation co-efficient, ‘Significant value
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Tab 3.32 Correlation between Content knowledge (Diagnostic test) and acquisition of skills (Skill test) of Mahajana’s students

-UO'

Student
No.

Obtained scores
D1 S1 D2 S2 D3 S3 D4 S4 D5 S5 D6 S6 D7 S7 D8 S8

1 50 57 69 87 64 77 83 67 71 91 92 86 47 58 56 92
2 44 57 50 80 50 59 78 46 36 78 75 68 47 25 37 73
3 56 99 87 90 57 86 78 67 57 87 83 86 59 83 56 92
4 44 57 50 83 50 50 67 58 36 78 50 77 53 42 37 77
5 62 86 56 90 62 82 78 83 57 87 83 95 59 58 37 92
6 75 86 87 99 57 82 78 86 57 91 75 95 71 58 44 92
7 75 57 87 90 71 82 83 86 57 96 98 99 71 69 44 88
8 37 50 56 87 50 59 78 54 43 65 75 68 59 22 37 73
9 75 71 62 80 57 82 83 79 50 91 75 86 59 69 37 92
10 75 71 87 93 79 54 83 83 43 96 92 91 82 58 56 92
11 25 50 56 70 50 54 67 54 21 83 33 73 9 28 31 77
12 37 36 75 83 50 77 72 46 21 74 75 77 59 39 31 69
13 62 86 81 77 64 82 78 42 29 83 83 82 47 22 37 77
14 31 50 56 77 50 83 56 50 21 70 50 77 41 47 31 77
15 69 71 87 99 57 82 78 79 36 96 83 86 71 75 25 88
16 69 79 75 90 57 82 94 75 43 87 98 86 71 75 62 96
17 44 86 44 83 57 77 78 83 29 87 83 86 59 58 37 88
18 81 79 62 83 64 77 83 67 64 96 83 91 65 72 62 96
19 69 50 56 73 50 59 67 54 43 74 75 73 53 25 31 73
20 75 93 62 83 57 77 78 86 43 87 83 82 59.' 69 37 92
21 69 79 56 87 50 82 78 54 29 83 67 68 59 31 25 65
22 56 79 94 87 57 82 78 75 29 99 83 86 76 69 94 92
23 44 86 75 87 50 77 67 83 29 91 83 86 59 75 31 92
24 69 86 56 99 57 82 72 83 29 91 83 91 65 75 82 96
25 62 71 56 80 50 86 72 50 36 65 75 64 47 17 50 81
26 56 86 56 80 50 59 67 71 29 74 75 64 47 33 31 77
27 75 50 69 80 64 82 78 71 43 99 83 82 82 75 82 96
28 56 64 69 80 50 91 61 79 36 87 75 86 65 61 50 96
29 44 50 50 77 50 55 56 38 29 70 50 68 47 19 25 73

Corre. 0,441826 0,503014* 0,150267 0,402935 0,400602 0,558104* 0,615492* 0,640325*

D1-D8: Diagnostic tests 1-8 (ref. Tab ), S1-S8: Major skills 1-8 (ref. Tab. 1), Corre.: Correlation co-efficient, ‘Significant value



Table 3.33. Correlation between Content knowledge (Diagnostic test) and acquisition of skills (Skill test) of JSS students
Student

No.
Obtained scores

D1 S1 D2 S2 D3 S3 D4 S4 D5 S5 D6 S6 D7 S7 D8 S8
1 67 36 60 73 86 68 39 50 71 74 67 77 59 28 62 85
2 61 76 60 83 86 73 50 50 71 74 75 77 59 36 69 77
3 56 64 67 99 86 73 50 96 71 91 75 95 59 86 69 88
4 67 57 53 90 57 68 44 58 57 83 75 68 59 31 56 85
5 56 76 67 97 79 59 50 79 71 99 75 82 65 67 59 88
6 44 57 53 77 86 73 44 63 50 83 58 82 47 28 50 73
7 50 71 53 77 43 64 39 58 50 83 58 82 35 50 50 85
8 39 76 53 83 86 68 44 58 57 83 67 73 59 33 56 85
9 72 93 67 80 86 86 78 88 71 97 83 99 71 67 87 88
10 67 86 60 83 86 73 44 88 71 91 67 91 65 92 69 88
11 44 86 40 80 64 73 39 54 43 83 58 68 59 31 50 77
12 39 71 40 83 64 64 44 58 64 78 58 82 59 28 56 81
13 22 71 40 70 43 50 39 54 43 78 58 82 41 36 50 69
14 53 57 60 83 79 64 44 58 71 83 67 77 59 28 62 81
15 67 71 53 80 86 73 44 63 64 74 67 73 59 33 56 73
16 67 86 60 87 86 73 50 58 64 87 75 73 59 33 69 81
17 78 86 87 99 86 99 56 92 71 99 83 77 65 75 75 92
18 61 71 53 73 86 73 44 50 71 83 67 82 65 28 56 69
19 78 99 60 73 86 73 56 92 71 87 75 86 59 69 69 96
20 78 99 87 99 86 77 56 92 71 99 83 95 65 78 69 92
21 72 71 60 77 86 68 50 50 64 78 67 73 59 19 62 69
22 53 76 60 73 86 82 56 88 71 91 75 86 71 75 69 88
23 61 86 60 80 86 73 56 92 71 87 75 86 65 86 69 92
24 67 76 93 99 86 68 61 92 71 91 83 82 59 75 69 92
25 78 93 87 73 86 73 61 79 98 99 83 86 71 58 75 92
26 39 76 53 77 79 68 50 58 64 78 67 73 35 28 56 85
27 44 93 60 77 86 77 50 79 98 91 75 86 59 69 69 92

Corre. 0,284913 0,555329* 0,553634* 0,667493* 0,478291 0,389093 0,423485 0,608798*

D1-D8: Diagnostic tests 1-8 (ref. Tab. ), S1-S8: Major skills 1-8 (ref. Tab. 1), Corre.: Correlation co-efficient, ‘Significant value
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The data presented in Table 3.31 pertaining to DMS shows that there is 

positive correlation between content knowledge (Diagnostic Test) and 

acquisition of skills (skill test) pertaining to observation, teasing and mounting, 

explanation and description. It was significant in case of description since the 

correlation coefficient value is 0.655368.

Though a negative correlation was found in case of microscopy, section 

cutting and mounting, preparation of reagents and experimentation, none of the 

correlation coefficient values were significant.

The data of Mahajana's school are preserved in Table 3.32, further 

strengthening the correlation between content knowledge and attainment of 

skills. Positive correlation between these two factors was found with respect to 

all the eight major skills. Significant, correlation was established between D2-S2, 

D6-S6, D7-S7, D8-S8 where the correlation co-efficient value is more than 0.5.

The data presented in Table 3.33 (JSS) confirms the positive correlation 

between the content knowledge and acquisition of skills. Here also positive 

correlation was found in all the cases and it was significant in case of D2-S2, D3- 

S3, D4-S4 and D8-S8.

These results have shown that with increase in content knowledge there is 

a positive build-up in acquisition of skills.

Section 3.4: Relationship among between Diagnostic Test Scores,
and Major Skill Test scores and Raw scores on SPMT

The correlation between acquisition of skills and content knowledge and 

acquisition of skills and mental aptitude of students is presented in Table 3.41.
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Table 3.41. Correlation of Skill tests (acquisition of skills) with Diagnostic tests (content
knowledge) and SPMT (mental aptitude) of students.
Student

No.
DMS Mahajana’s JSS

MDT MST SPMT MDT MST SPMT MDT MST SPMT
1 69,25 77,88 52 66,50 76,88 51 63,88 61,38 45
2 88,13 88,00 57 52,13 60,75 42 66,38 68,25 48
3 75,25 82,13 53 66,63 86,25 53 66,63 86,50 51
4 88,13 85,25 55 48,38 65,25 47 58,50 67,50 45
5 82,75 82,88 56 61,75 84,13 51 65,25 80,88 50
6 74,00 86,25 51 68,00 86,13 54 54,00 67,00 45
7 73,88 83,63 53 73,25 83,38 56, 47,25 71,25 28
8 68,38 78,50 55 54,38 59,75 47 57,63 69,88 49
9 88,88 87,75 51 62,25 81,25 52/ 76,88 87,25 54
10 64,88 84,00 51 74,63 79,75 59A 66,13 86,50 51
11 75,75 76,88 55 36,50 61,13 30 49,63 69,00 35
12 86,50 79,13 53 52,50 62,63 44 53,00 68,13 37
13 79,00 83,00 54 60,13 68,88 47 42,00 63,75 13
14 72,38 84,13 53 42,00 66,38 32 61,88 66,38 40
15 76,13 73,25 52 63,25 84,50 52 62,00 67,50 43
16 64,63 81,00 50 71,13 83,75 56 66,25 72,25 49
17 74,50 83,38 48 53,88 81,00 52 75,13 89,88 53
18 65,38 76,50 57 70,50 82,63 54 62,88 66,13 40
19 73,50 84,75 59 55,50 60,13 41 69,25 84,38 51
20 79,50 85,75 57 61,75 83,63 50 74,38 91,38 52
21 70,38 79,00 52 54,13 68,63 48 65,00 63,13 47
22 84,13 82,88 51 70,88 83,63 56 67,63 82,38 50
23 73,50 85,50 48 54,75 84,63 51 67,88 85,25 52
24 67,88 80,75 57 64,13 87,88 53 73,63 84,38 52
25 56,00 64,25 50 79,88 81,63 55
26 51,38 68,00 48- 55,38 67,88 42
27 72,00 79,38 55 67,63 83,00 51
28 57,75 80,50 51
29 43,88 56,25 38

Corre. 0,42 -0,0442 0,7447 * 0,7724* 0,7002 ‘ 0,6328*

MDT- Mean diagnostic test, MST- Mean skill test, SPMT-Standard Progressive Matrices Test, Corre - 
Correlation co-efficient, ‘Significant value
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In accordance with our earlier deductions, a positive correlation is 

established between content knowledge (mean diagnostic test score) and 

acquisition of skills (mean skill test score) by students of all the 3 schools and it 

was significant in case of Mahajana's (correlation co-efficient 0.7442) and JSS 

(correlation co-efficient 0.7002).

Also there seems to be a positive correlation between mental aptitude of 

the students and acquisition of skills by him / her. Though there is a negative 

correlation between these two factors in case of DMS, it is insignificant since the 

correlation co-efficient value is -0.0442. More over there was strong positive and 

significant correlation between these two factors in case of both Mahajana's 

(correlation co-efficient 0.7724) and JSS ( with correlation co-efficient 0.6328).
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Chapter - IV

Interpretation and Analysis_______________________

It has been observed that, among the 3 schools, students are poor in 

practical skills involving description. This in turn is with regard to a taxonomy 

practical on description of China rose.

Average performance is observed in skills of microscopy, section cutting 

and mounting and teasing & mounting. By this we know that though the scores 

are high still there is scope for improvement.

If the student population of each school is taken in to account, the student 

can be categorized based on their performance (obtained score) in to poor, 

average, good and excellent. In DMS majority of the students show good 

performance in all the practicals except the practical involving description (S7).

In Mahajana's and JSS also most of the students fared badly in description

skills.

In the practical involving microscopy all the 3 schools students have 

difficulty in the sub-skills of focusing slide. Almost half the students have 

difficulties in using diaphragm and sketching as seen under microscope. Mirror 

adjustment is also a skill which is not fully attained.

More than 30% students have high level of difficulty in mentioning & 

listing out diagnostic features in the practical involving permanent slide 

preparation of monocot stem. Selection of good slide also seems to be a difficult 

task for the students.

ft
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Removal of excess stain, selection of good slide and placement of section 

on the slide, handling of the razor are the skills encountered with difficulties in 

the practical on study of T.S of dicot stem.

Washing of roots, use of spirit lamp, preparation of fixative and squashing 

are areas of difficulties in the practical on study of stages of mitosis in Onion root 

tips.

Use of chemical balance and weighing of chemicals are skills to be 

developed in the practical on preparation of reagents.

Majority of the students seem to be lacking inferring skills in the practical 

involving test for sugar and albumin.

Taxonomy seems to be a very difficult area for most of the students with 

as many as 6 sub-skills being poorly developed. The most difficult area seems to 

be the ability to distinguish androecium, gynoecium and fruit.

Identification of type of inflorescence and flower also seems to be a 

difficult area for the students.

Ability to distinguish calyx and corolla and ability to identify type of leaf 

needs improvement. Almost 50.70% of students show these difficulties.

Reasonable amount of difficulty is encountered by about half the 

population of students in the ability to classify and writing floral formula and 

diagram.
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40% of the students on the whole show difficulty in reasoning skills. This 

involves understanding the effect of pressure on osmosis in the practical on effect 

of temperature, pressure and solute concentration on osmosis.

In addition to this about 28% students show difficulty in drawing 

experimental diagrams and conclusions.

In case of DMS students a positive correlation has seen found between 

content knowledge and acquisition of skills of explanation and description.

In case of Mahajana's students, correlation is highly significant with 

respect to content knowledge and acquisition of skills of observation, 

explanation, description and experimentation.

In case of JSS students, there is high correlation between content 

knowledge and acquisition of skills of observation, section cutting and 

mounting, teasing and mounting and experimentation.

DMS students show positive correlation between content knowledge 

and skill attainment. However Mahajana's and JSS students show still higher 

correlation between theory and skill attainment.

If mental aptitude test is taken as a criterion for measuring or 

understanding the role of IQ in skill attainment, then, interestingly, in case of 

DMS students IQ does not seem to be playing a significant role in skill 

attainment, where as in case of Mahajana's and JSS, the data reveal that IQ does 

have a significant the role on skill attainment. This aspect needs to be further 

researched into.
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Chapter- V

Summary and Conclusions

Based on the data generated through the administration of check lists, 

Diagnostic tests and SPMT, the following conclusions have been arrived at.

1. Taxonomical skills of description seems to be difficult for all the students 

and this involve description & identification of various floral parts 

(Androecium, Gvnoecium, Fruit, Calyx, corolla, type of inflorescence, 

flower and writing of floral formula and floral diagram.

2. Microscopical skills of focusing slide, using diaphragm and sketching 

from microscope also leave much to be desired.

3. In the preparation of permanent slide of monocot stem, listing of 

diagnostic features and selection of a good slide seems to be difficult task. 

In the study of T.S. of Dicot stem, skills of removal of excess stain, 

handling of the razor have not been perfected.

4. Washing of roots, use of spirit lamp and preparation of fixatives in 

squashing technique seems to be difficult in the practical on study of 

mitosis in onion root tips.

5. The students are unskilled to a great extent in the use of chemical balance 

and weighing of chemicals.

6. Inferring results in the sugar and albumin test leaves much to be desired.

7. The ability to reason out and understand the effect of pressure on osmosis 

is poor.

8. Reasonable amount of difficulty is encountered in drawing experiments 

diagrams and coming to conclusions.
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Areas requiring further studies can be tabulated as follows:

SI.
No. Practical Skill Sub skill

%

1 Identification and 
description of 
China Rose

Description Ability to distinguish Androecium, 
Gynoecium and Fruit

Identifying the type of inflorescence and 
flower

73.52

60.05

Ability' to distinguish Calyx and corolla 58.81

Identifying the type of leaf 54.56

Classification Ability 42.52
2 To prepare 

temporary mount 
of onion root tip 
to study various 
stages of Mitosis

Teasing and 
Mounting

Ability to wash, root

Heating and use of spirit lamp

Preparation of Fixative

54.62

49.25

42.52
3 Making

transverse
sections of Dicot 
stem and study of 
different tissues 
under microscope

Section cutting 
and mounting

Ability to remove or wash excess stain

Selection of good section and placement 
on slide

Handling of razor

43.85

32.52

31.22
4 Use and care of

compound
microscope

Microscopy Focusing the slide 57.22

5 Test for Sugar 
and Albumin

Explanation Ability to infer 61.27

6 Observation of 
Permanent Slide 
of Monocot
Stem

Observation On diagnostic feature 31.73

7 Preparation of 
Reagents

Preparation of 
Reagents

Use of Chemical Balance 36.05

8 To study effect of 
temperature, 
pressure and 
solute
concentration on 
osmotic 
movement of
water

Experimentation Ability to know the effect of pressure on 
osmosis (ie., Reasoning)

40.21

%- % of students having difficulty (Mean value)
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Wherever there is a high correlation between mental aptitude and 

acquisition of skills (as is seen from the data on Mahajana's and JSS schools), lack 

of mental aptitude or IQ could be a reason for lack of attainment of specific skill 

concerned. This being so as all the other requisite criteria of appropriate 

instructional methodology, lab infrastructure for carrying out experiments have 

been met.

It is suggested that further research be done in the above areas where 

students encountered difficulties in skill attainment, keeping in mind the fact 

that mental aptitude and content knowledge seems to have high positive 

correlation. A question that comes in one's mind is - Does this mean that if the 

students are helped to improve their content knowledge by improved and latest 

teaching methodS/as is generally followed in educational theory and practice, 

along with sharpening of intelligence through various day to day activities of 

observations, memory test, problem solving activities etc., will improve their 

levels of skill attainment?
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Chapter-VII

Appendix

Appendix -1.1 Check list for practical ‘Use and care of compound microscope’ 
with major skill ‘Microscopy’

SI.
No.

Sub-Skills Criterion Measures Max.
Marks

Obtained
scores

A. Use of Microscopy
1 Eye piece adjustment a. Inline

b. Sufficient light
c. Magnification

3

2 Objective Adjustment a. Inline
b. Sufficient light
c. Distance from slide
d. Magnification

4

3 Use of diaphragm a. Ability to open and close 1
4 Mirror/ light adjustment a. Ability to adjust mirror to 

ensure sufficient light
1

5 Focusing the slide Ability to focus
a. tissue types
b. section profile

2

6 Placement of slide a. Ability to place the slide 
properly on the stage

1

7 Use of fine adjustment a. Ability to focus using fine 
adjustment

1

8 Sketching as seen under 
the Microscopy

a. Ability to sketch diagrams 
as observed in microscope

1

Total 14
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Appendix -1.2 Check list for practical ‘Observation of Permanent Slide of
Monocot Stem’ with major skill ‘Observation’

SI.
No.

Sub-Skills Criterion Measures Max.
Score

Obtained
Score

1. Focusing a) Clear slides
b) Appropriate light adjustment
c) Clarity of profile section

3

2. Stage
adjustment

a) Proper use of Clips on stage
b) Adjustment of stage at proper angle
c) Proper light adjustment
d) Alignment of eye piece and objective

4

3. Scanning the 
slide

a) Working slide with stage adjustment 
screws

b) Keeping the slide within focus
c) Selection of stage to be observed

3

4. Selection of 
good slides

a) Thin sectioning/mounting
b) Complete/whole section
c) Uniformity of the section

3

5. Use of 
pointer

a) Knowledge of use
b) Ability to point/focus
c) Ability to fit pointer in eye piece

3

6. Highlighting a 
Section of
T.S.

a) Knowledge of section
b) Ability to recognize the contents
c) Ability to focus

3

7. Recognition a) Knowledge of content
b) Ability to differentiate
c) Ability to recognize
d) Ability to identify

4

8. Identification 
of section of 
monocot 
stem

a) Knowledge of content
b) Ability to differentiate
c) Ability to recognize
d) Ability to identify

4

9. On
diagnostic
feature

a) Ability to list
b) Ability to identify
c) Ability to describe

3

Total 30
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Appendix-1.3. Check list for practical ‘Making transverse sections of Dicot stem and study of 
different tissues under microscope’ with major skill ‘Section cutting and mounting*

SI.
No.

Sub-Skills Criterion Measures Max.
Marks

Obtained
scores

1 Handling of razor and other 
materials and section cutting

a. Ability to handle 
sectioning material

b. Ability to handle razor
c. Ability to take section

3

2 Ability to keep section and to 
remove pith

a. Ability to keep sections in H2o 
in a watch glass

1

3 Selection of good section and 
placement on slide.

a. Ability to select thin 
section

b. Ability to Select uniform 
section

c. Ability to select complete 
section

d. Ability to pick the right 
section with brush

e. Ability to place the 
section at the center of 
the slide

5

4 Staining the Section a. Ability to use stain of 
proper dilution.

b. Ability to stain sections 
in watch glass

c. Ability to allow the 
section for appropriate 
period in watch glass

3

5 Ability to remove or wash 
excess stain

a. Ability to use acid water 
to wash

b. Ability to remove excess 
stain

c. Knowledge of avoiding 
improperly stained 
section.

d. Ability to handle section 
while washing.

4

6 Use of cover slips &
Glycerine

a. Ability to place cover slip 
properly.

b. Ability to use Glycerine 
properly.

2

7 Focusing the slide a. Ability to focus properly.
b. Ability to adjust light 

properly.

2

8 Ability to sketching as seen 
under the Microscopy

a. Ability to sketch
b. Ability to label properly

2

22
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Appendix -1.4. Check list for practical ‘To prepare temporary mount of onion root
tip to study various stages of Mitosis’ with major skill ‘Teasing and Mounting’

SI.
No.

Sub-Skills Criterion Measures Max.
Score

Obtained
Score

1. Preparation of 
Fixative

a) Knowledge of preparation of fixative
b) Knowledge of using rusted needles
c) Ability to squash and tease material 

with rusted needles
d) Knowledge of using 1N HCL and Iron 

compounds.

4

2. Ability to use 
and handle
Con. HCL

a) Ability to dip root in HCL
b) Proper handling of HCL
c) Ability to remove roots immediately

3

3. Ability to 
wash, root

a) Ability to wash properly
b) Knows the reason necessary for 

thorough washing (otherwise it will not 
stain)

2

4. Ability to use 
slide and 
stain.

a) Ability to use slide properly
b) Able to add stain on slide drop wise
c) Ability to allow stain to soak material.

3

5. Heating and 
use of spirit 
lamp

a) Ability to heat gently
b) Ability to heat and cool alternately
c) Knowledge of the importance of 

repeating crit. (b)

3

6. Ability to 
squash

a) Ability to put fresh stain
b) Knowledge of using cover slips to 

cover stained root tip
c) Knowledge of using folded filter 

paper over cover slip before tapping
d) Ability to hold filter paper along the 

sides of the slide
e) Ability to tap material gently till it gives 

a cloudy appearance

5

7. Observation
and
identification 
of stages

a) Ability to focus all 4 stages clearly
b) Ability to identify all 4 stages viz., 

prophase, metaphase anaphase and 
telophase

2

8. Sketching as 
seen under 
Microscope

a) Ability to sketch
b) Ability to label

2

Total 24
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Appendix -1.5. Check list for practical¥reparation of Reagents’ with major
skill ‘Preparation of Reagents’

SI.
No.

Sub-Skills Criterion Measures Max.
Score

Obtained
Score

1. Use of Chemical
Balance

a) Ability to handle properly
b) Ability to adjust the balance
c) Ability to set balance at 

zero

3

2. Accurate weighing of 
chemicals

a) Ability to use weights
b) Ability to use rider
c) Ability to ensure the 

accurate swinging of 
needle

d) Ability to take correct 
reading

4

r

3. Use of measuring 
cylinder & pipette etc.,

a) Ability to take accurate 
amount in cylinder

b) Ability to ensure lower 
meniscus of solution 
accordingly

c) Ability to pour out
d) Ability to draw solution in to 

pipette
e) Ability to adjust the amount 

of liquid in pipette
f) Ability to pour out the liquid 

from the pipette

6

*
/
»

..

<

4. Ability to mix & filter 
using filter paper

a) Ability to use glass rod
b) Ability to fold filter paper
c) Ability to set filter paper in 

funnel
d) Ability to use funnel stand

4

5. Ability to stir constantly a) Ability to move the wrist 
constantly

b) Ability to ensure non
breakage of glassware

c) Ability to dissolve 
completely

3

6. Knowledge of burner or 
hot plate use.

a) Ability to ensure glassware 
surface free from moisture

b) Knowledge of putting on & 
off of burner/hotplate

c) Ability to light the burner 
with match sticks

3

23
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Appendix -1.6. Check list for practical ‘Test for Sugar and Albumin’ with major 
skill ‘Explanation’

SI.
No.

Sub-Skills Criterion Measures Max.
Score

Obtained
Score

1. Use of
Pipette

a) Ability to select appropriate pipette
b) Ability to suck solution in a proper 

way by holding the pipette with index 
and thumb

c) Ability to draw exact amount of 
solution to marked level

d) Ability to pour out the exact amount

4

2. Ability to use 
test tube 
holds.

a) Ability to select appropriate holder
b) Proper tightening of test tube holder
c) Ability to keep test tube in slant
d) Ability to keep away test tube from 

the body while heating
e) Ability to loosen (test tube) it after the 

test.

5

3. Use of burner 
(Bunsen)

a) Ability to turn off to left and right to 
put on and off.

b) Ensure constant blue flame
c) Ability to hold test tube bottom at the 

tip of the flame

3

4. Ability to 
distinguish 
colour 
changes

a) Ability to distinguish green from
orange and violet colours.

b) Ability to identify precipitation by
holding test tube against white 
background

2

5. Ability to infer a) Knowledge of chemical reactions 
involved

b) Ability to spell out the reaction and
chemical equations

c) Knowledge of relationship between 
precipitation and chemical reaction

d) Ability to differentiate green (with
less precipitation) and orange 
(with more precipitation)

4

6. Ability to mix 
with glass 
rods or by 
simple 
shaking

a) Ensure uniformity of the solution
b) Ability to distinguish settled and

unsettled solution
c) Ability to smell the test tube in a

proper way
d) Proper handling of test tube

4

Total 22
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Appendix -1.7. Check list for practical ‘Identification and description of
China Rose’ with major skill ‘Description’

SI.
No.

Sub-Skills Criterion Measures Max.
Score

Obtained
Score

1. Classification
Ability

Ability to identify
a) Systematic group
b) Order
c) Family
d) Genus
e) Species

5

2. Habit and
Habitat

Ability to classify habit/habitat into
a) Herb
b) Shrub
c) Tree
d) Cultivated
e) Ornamental
f) Wild

6

3. Finding root 
system

a) Ability to distinguish between tap root and 
fibrous root system.

1

4. Ability to finding 
stem feature

Ability to know the
a) Posture (erect)
b) Texture (soft or woody)

2

5. Identifying the
type of leaf

Ability to identify
a) Type of leaf (simple or compound)
b) Type of leaf margin
c) Presence or absence of petiole
d) Venation of leaf
e) Shape of apex

5

6. Identifying the 
type of 
inflorescence 
and flower

Ability to identify the
a) Type of inflorescence
b) Type of the flower
c) Sexuality of the flower
d) Position of the flower

4

7. Ability to
distinguish
Calyx and 
corolla

Ability to
a) No. of sepals and colour
b) Type of sepals and position
c) Type of Aestivation
d) No. of petals and colour
e) Type of petals and position
f) Type of Aestivation

6

8. Ability to
distinguish 
Androecium, 
Gynoecium and 
Fruit

Ability to know the
a) Number of stamens/anthers
b) Position of the Androecium
c) Different parts of the Gymoecium
d) Position of Gynoecium.
e) Type of fruit

5

9. Knowledge of 
writing floral 
formula and 
diagram.

Ability to
a) Write floral formula
b) Floral diagram.

2

Total 36
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Appendix -1.8. Check list for practical ‘To study effect of temperature, pressure and 
solute concentration on osmotic movement of water’ with major skill ‘Experimentation’

SI.
No.

Sub-Skills Criterion Measures Max.
Marks

Obtained
scores

1 Knowledge of diffusion and 
osmosis

Ability to understand process of
a. Osmosis
b. Diffusion
c Kind of Osmosis

(Endosomosis & Exosmosis)

3

2 Knowledge of membrane type a. Ability to differentiate
permeable, semi permeable 
and non permeable 
membrane

1

3 Ability to handle the 
equipments

a. Ability to handle beakers
b. Ability to pour water and 

glucose to beaker
c. Ability to put raisin to water

3

4 Ability to record turgidity time Ability to record the time of

a. Ice cold water with raisin
b. Hot water with raisin
c. 20% Glucose solution with 

raisin
d. 5% Glucose solution with 

raisin
e. 20 ml of water with raisin

f. 20 ml of water with raisin
pressured by piston

6

5 Handling of thermometers a Ability to handle thermometers 
properly

b. Ability to read the temperature 
using thermometers

2

6 Ability to know the effect of 
pressure on osmosis

a. Ability to use piston
b. Ability to create pressure by 

piston

2

7 Ability to make observation a Ability to observe different sets of 
beakers

b . Ability to label the beakers
c. Ability to record time of turgidity 

in each set of expt.
d. Ability to write inferences for 

each set

4

8 Ability to draw conclusions Ability to understand factors for 
osmosis ie., 
a. Temperature 
b . Pressure 
c. Concentration

3

9 Ability to draw experimental 
diagram

a. Ability to sketch
b. Ability to label

2

Total 26
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Appendix - 2. Scoring sheet for practical ‘Use and care of compound microscope’
with major skill ‘Microscopy’

Practical -I - Use And Care Of Compound Microscope
Major Skill: Microscopy ; Sub skills 1-8.

Student
Ski 1 Observation Max.

Score
Obt.
Scorela lb lc 2a 2b 2c 2d 3a 4a 5a 5b 6a 7a 8a

1 yl yj X yj y/ yl X y/ yj X yl a/ a/ A 14 11
2 y/ yl V y/ a/ yj aJ a/ aJ a/ a/ a/ 14 14
3 a/ yj yj yl yj yj yj a) X yj yl yj a/ 14 13
4 y/ y/ I

N yl 1V yl y/ y/ X yj X yl y/ 14 12
5 y/ y/ yl yj yj X X X J X a/ aJ 14 10
6 yj y/ yj yj yj X >/ y/ yl yl yj •j a/ 14 13
7 y/ yj y/ yj yj yj ■j yj yl a! a/ •j a) yj 14 14
8 y/ y/ yl yj yl yj yj yj a/ a/ yj yj a] aI 14 14
9 yl yj yj yj yj yj yl yj yj yj a/ a/ a/ yl 14 14
10 yj yj yj yj y/ yj yj yj a/ a/ •a/ yj yj yj 14 14
11 y/ yj yj yj yj aI yj yj aJ aJ yl yl 14 14
12 y/ y/ y/ y/ yl yj yl yj a/ a) a/ a) yj 14 14
13 y/ yl yj yj yj yl ■j aI yl a/ yj yl aI yj 14 14
14 yj y/ yj y/ yl yl X X X X a/ X X 14 8
15 a/ yj yj yj yj yj X a/ yj yj yj y/ yl 14 13
16 yj yj yj yj yj yj y/ a/ X aJ X a/ aJ •j 14 12
17 a/ yj yj yj yl yj yj y/ aJ aJ X a! j 14 13
18 yj X yj yj X yj yj X a/ a! yj yl

X aJ 14 10
19 yj yj X X X yj Aj yj X a/ a/ X aI 14 9
20 yl yj yj yl yj yj X yj yj yj X yl X X 14 10
21 yj yj yj ■j yj y/ X yj yl X yl a) aI X 14 11
22 yj yj yj yj yj yj yl a/ yj a! X aJ a/ a) 14 13
23 yj yj a/ ■j yl -j yj X a/ yj a) X yj a/ 14 12
24 yj yj yj yl yj yj yj X yl aJ a/ X a/ yj 14 12
25 yj yj yj yj y/ yj yj yl yj a/ yj a/ X aJ 14 13
26 yj yj yj yj •j yj yl yj X yj yj X yj aJ 14 12
27 yj yj yj yj yj yj yj yj yj aJ yl yl a/ a/ 14 14
28 yj yj yj yj yj yj yj yj Aj X ^1. aJ a/ yj 14 13
29 yj yl yj yj j yj yj X aJ y/ yj X yj y/ 14 12
30 yj yj yj y/ y/ yl X V yj X yj X a/ 14 11

Total* 0 1 1 1 2 1 5 8 3 8 5 7 6 3
‘Total no. of students having difficulty in sub-skills

*

67



Appendix - 3.1. Diagnostic Test for practical ‘Use and care of compound
microscope’ with major skill ‘Microscopy’

I. Answer the following questions in a word phrase or sentence.

1. What is the use of microscope?

2. What is resolving power?

3. What is the work of condenser?

4. How to carry a microscope?

5. Why oil immersion lens is used?

II. Fill up the blanks.

1. Resolving power of human eye is............ microns.

2. The microscope consists of..........lenses.

III. Match the following.

A B

Dissecting Microscope Ultra structure of Cell organelles

Ocular Lens Single lens

Oil immersion Lens Close to eyes

Electron Microscope Bacteria and Algae

IV. Mark the correct answer.

1. The resolving power of light microscope is

a) O.OSmicrons b) 0.3microns c) 3microns d) 30microns

2. The microscope used to study the transparent living cells is

a) Electron microscope b) Interference microscope c) Phase contrast microscope 

d) Fluorescent microscope
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Appendix - 3.2. Diagnostic Test for practical ‘Observation of Permanent slides of 
Monocot stem ’ with major skill ‘Observation ’

I. Answer the fallow ing questions in a word phrase or sentence.

1. Why monocots have thin and non-woody stems?

2. What is good focusing?

3. What is function of epidermis?

II. Fill up the blanks.

1..............pith is present in monocot stems.

2............. is absent between xylem and phloem in a monocot stem.

III. Match the following.

A B

Epidermis Parenchyma

Hypodermis Closed

Cortex Reduced

Vascular bundles Outer most layer

Pith Sclerenchyma

IV. Mark the correct answer.

1 .This gives mechanical support to the Monocot stem 

a) Epidermis b) Hypodermis c) Cortex d)Vascular bundles

2. Endarch condition means 

a) Protoxylem towards pith 

c) Protoxylem in the center

b) Protoxylem towards periphery 

d) none
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Appendix - 3.3. Diagnostic Test for practical ‘Making transverse sections of dicot 
stem and study of different tissues under microscope’ with major skill ‘Section 

cutting and mounting’

I. Answer the fallowing questions in a word phrase or sentence.

1 .What is a good section?

2. What is use of pith in section cutting?

3. Why staining is required?

II. Fill up the blanks.

1 .The cutting material should be held in............ hand.

2.The razor should be held in............ hand.

III. Match the follow ing.

A B

Section cutting Glycerine

Staining Microscope

Mounting Razor

Focusing Coloring tissue

IV. Mark the correct answer.

1 .Good section is

a). Thin b). Uniform c).Complete d). All three

2. A section should be mounted on a slide in the 

a) centre b) right end c) left end d) any where
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Appendix - 3.4. Diagnostic Test for practical ‘To prepare temporary mount of 
onion root tip to study various stages of Mitosis’ with major skill ‘Teasing and 

Mounting’

I . Answer the fallowing questions in a word phrase or sentence.

1. What is mitosis?

2. Which stage of mitosis shows thickest chromosomes with two chromatids?

3. Which stain is used to study the mitosis in onion root tips?

4. Why do we select root tip to study mitosis?

5. Why fixatives are used in the study of mitosis?

II. Fill up the blanks.

1. ............ daughter cells are formed as a result of mitotic division.

2. The uncontrolled mitotic division leads to............

III. Match the following.

A B

1. Prophase Chromatids gets separated from each other and move towards the 
opposite poles

2. Metaphase Two daughter nuclei are seen on opposite poles

3. Anaphase Nucleolus disappears

4. Telophase Chromosomes are linearly arranged on the equator

IV. Mark the correct answer.

1. To study mitosis in onion root tips, the roots should be harvested between

a). 6 to 8 AM b). 8 to 10 AM c). 6 to 8 PM d). 8 to 10 PM

2. The cell division involves

a) karyo-kinesis b) cytokinesis c) both a & b d) none
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Appendix - 3.5. Diagnostic Test for practical ‘Preparation of Reagents’ with major 
skill ‘Preparation of Reagents’

1. Answer the fallowing questions in a word phrase or sentence.

1. What are fixatives?

2. W’hat is staining?

3. What is a solution?

4. What is a molar solution?

II. Fill up the blanks.

1...............is a good fixative and preservative for Plant and Animal specimens.

2. One gram equivalent weight of a compound dissolved in 1 litre of solution is

............ solution.

III. Match the follow ing.

A B

Saffranin Bacteria and Protozoa

Acetocarmine Lignified and Cutinized tissue

Eosin Chromosomes

Crystal violet Animal tissue
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Appendix - 3.6. Diagnostic Test for practical ‘Test for sugar and albumin’ with 
major skill ‘Explanation’

I. Answer the fallow ing questions in a word phrase or sentence.

1 .How to handle Pipette in a laboratory?

2. What is the proper use of test tube holders?

3. What is solution?

4. What is precipitation?

II. Fill up the blanks.

1 .While heating test tube it should be kept............ from the body.

2.The holder should be fitted at .............position of test tube.

III. Mark the correct answer.

1 .For better heating we should ensure constant

a) Blue flame b) Red flame c) Green flame d) Yellow flame

2. To identify the precipitation, test tube should be held against a

a) black background b)Red background c)White background d) none
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Appendix - 3.7. Diagnostic Test for practical ‘Identification and description of
China Rose’ with major skill ‘Description’

I. Answer the fallowing questions in a w ord phrase or sentence.

1. What is the botanical name of China rose?

2. China rose belongs to which family?

3. What is the type of root system in China rose?

4. What is floral formula?

II. Fill up the blanks.

1 .China rose belongs to............ order.

2............ - inflorescence is present in china rose.

III. Match the following.

A B

Leaf Pedicellate

Flower Gamopetalous

Calyx Petiolate

Corolla Monadelphous atamen

Androecium Gamosepalous

IV. Mark the correct answer.

1 .China rose is a

a) Herb b) Shrub c) Tree d) Creeper

2. Pentacarpellary syncarpous is a condition seen in

a) Calyx b) Corolla c) Androecium d) Gynoecium
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Appendix - 3.8. Diagnostic Test for practical ‘To study effect of temperature, 
pressure and solute concentration on osmotic movement of water’ with major 

skill ‘Experimentation’

I. Answer the fallow ing questions in a word phrase or sentence.

1 .What is osmosis?

2. What is diffusion?

3. What is a semi permeable membrane?

4. Why it is necessary to take dry grapes of equal size?

II. Fill up the blanks.

1. Diffusion of water into the dry grape is............ process.

2. ............ is used to create pressure on water in a beaker.

III. Match the following.

A B

Exosmosis Turgid raisin

Endosmosis Flaccid raisin

Semi-permeable Ploytene membrane

Non permeable Cell membrane

IV. Mark the correct answer.

1 .Selectively permeable membrane is/are

a) Egg membrane b) Sheep bladder c) Cell membrane d) All three 

2. Osmosis is the function of

a) Temperature b) Pressure c) Solute concentration d) All three

»
»
»
I
»

75



Appendix - 4.1. Answer Key To Diagnostic Test for practical ‘Use and care of 
compound microscope’ with major skill ‘Microscopy’

I. Answer the following questions in a word phrase or sentence.

1. What is the use of microscope?

Ans. Microscope is used to observe the small organisms, tissues and cells which human eye 

can't see.

2. What is resolving power?

Ans. The ability to distinguish two close points is known as resolving power.

3. What is the work of condenser?

Ans. The condenser directs the light on the specimen with the help of mirror.

4. How to carry a microscope?

Ans. Always carry the microscope with one hand on handle and other under its base.

5. Why oil immersion lens is used?

Ans. It is a special lens of 90X used for seeing small organisms like bacteria and algae.

II. Fill up the blanks.

1. Resolving power of human eye is............ microns.

Ans. 100 microns.

2. The compound microscope consists of..........lenses.

Ans. Two.

III. Match the following.

A B

Dissecting Microscope Single lens

Ocular Lens Close to eyes

Oil immersion Lens Bacteria and Algae

Electron Microscope Ultra structure of Cell organelles

IV. Mark the correct answer.

1. The resolving power of light microscope is

a) 0.03microns b) OJmicrons^ c) 3microns d) 30microns

2. The microscope used to study the transparent living cells is

a) Electron microscope b) Interference microscope c) Phase contrast microscope^ 

d) Fluorescent microscope
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Appendix - 4.2. Answer Key To Diagnostic Test for practical ‘Observation of 
Permanent slides of Monocot stem ’ with major skill ‘Observation ’

I. Answer the fallowing questions in a word phrase or sentence.

1. Why monocots have thin and non-woody stems?
Ans. Because cambium is absent in monocot stems so no secondary growth takes 
place.
2. What is good focusing?
Ans. Good focusing involves selection of a clear slide, appropriate light 
adjustment and clarity of profile section.
3. What is function of epidermis?
Ans. It is protective in function.

II. Fill up the blanks.
1..............pith is present in monocot stems.
Ans. reduced
2............. is absent between xylem and phloem in a monocot stem.
Ans. Cambium

III. Match the following.

A B

Epidermis Outer most layer

Hypodermis Sclerenchyma

Cortex Parenchyma

Vascular bundles Closed

Pith Reduced

IV. Mark the correct answer.

1 .This gives mechanical support to the Monocot stem 

a) Epidermis b) HypodermisV c) CortexdjVascular bundles

2. Endarch condition means

a) Protoxylem towards pith b) Protoxylem towards periphery

c) Protoxylem in the center d) none
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Appendix - 4.3. Answer Key To Diagnostic Test for practical ‘Making transverse 
sections of dicot stem and study of different tissues under microscope’ with 

major skill ‘Section cutting and mounting’

I. Answer the fallowing questions in a word phrase or sentence.

1 .What is a good section?

Ans. A good section is a thin, uniform and complete one.

2. What is use of pith in section cutting?

Ans. Pith keeps the delicate cutting material erect and gives a firm hold.

3. Why staining is required?

Ans. Staining helps in the proper differentiation and identification of tissues.

II. Fill up the blanks.

1 .The cutting material should be held in............ hand.

Ans. left

2.The razor should be held in............ hand.

Ans. right

III. Match the following.

A B

Section cutting Glycerine

Staining Microscope

Mounting Razor

Focusing Coloring tissue

IV. Mark the correct answer.

1 .Good section is

a). Thin b). Uniform c).Complete d). All three^/

2. A section should be mounted on a slide in the 

a) centred b) right end c) left end d) any where
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Appendix - 4.4. Answer Key To Diagnostic Test for practical ‘To prepare 
temporary mount of onion root tip to study various stages of Mitosis’ with major 

skill ‘Teasing and Mounting’

I. Answer the fallowing questions in a word phrase or sentence.

1. What is mitosis?

Ans. The cell division which results in the production of two daughter cells which are exactly similar 

to the parent cell thereby maintaining the chromosome number constant.

2. Which stage of mitosis shows thickest chromosomes with two chromatids?

Ans. Metaphase.

3. Which stain is used to study the mitosis in onion root tips?

Ans. Acetocarmine.

4. Why do we select root tip to study mitosis?

Ans. At the root tip meristematic tissues are found which keep dividing, hence various stages of 

mitosis can be easily studied.

5. Why fixatives are used in the study of mitosis?

Ans. Fixatives are used to preserve the morphological organization and chemical composition of the 

cells for future studies.

II. Fill up the blanks.

1. ......... daughter cells are formed as a result of mitotic division.

Ans. Two.

2. The uncontrolled mitotic division leads to.........

Ans. Cancer.

III. Match the following.

A B

Prophase Nucleolus disappears

Metaphase Chromosomes are linearly arranged on the equator

Anaphase Chromatids gets separated from each other and move towards the opposite poles

Telophase Two daughter nuclei are seen on opposite poles

IV. Mark the correct answer.

1. To study mitosis in onion root tips, the roots should be harvested between

a). 6 to 8 AM b). 8 to 10 AM c). 6 to 8 PM d). 8 to 10 PM

2. The cell division involves

a) karyo-kinesis b) cytokinesis c) both a & b\ d) none
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Appendix - 4.5. Answer Key To Diagnostic Test for practical ‘Preparation of
Reagents’ with major skill ‘Preparation of Reagents’

1. Answer the fallowing questions in a word phrase or sentence.

1. What are fixatives?

Ans. Fixatives are the chemicals used to preserve the morphological organization and 

chemical composition of the cells for future studies.

2. What is staining?

Ans. The process of colouring cells, tissues or animal and plant bodies by certain 

organic and inorganic dyes is known as staining.

3. What is a solution?

Ans. Solution is a homogenous mixture of two or more substances.

4. What is a molar solution?

Ans. It is 1 gm molecular weight of a substance dissolved in 1 litre of solution.

II. Fill up the blanks.

1...............is a good fixative and preservative for Plant and Animal specimens.

Ans. Formalin 40%

2. One gram equivalent weight of a compound dissolved in 1 litre of solution is

............ solution.

Ans. 1 Normal solution.

III. Match the follow ing.

A B

Saffranin Lignified and Cutinized tissue

Acetocarmine Chromosomes

Eos in Animal tissue

Crystal violet Bacteria and Protozoa

ft
ft

ft

ft
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Appendix - 4.6. Answer Key To Diagnostic Test for practical ‘Test for sugar and
albumin’ with major skill ‘Explanation’

I. Answer the fallowing questions in a word phrase or sentence.

1 .How to handle pipette in a laboratory?

Ans. Solution should be sucked in a proper way by holding the pipette with index 

and thumb and exact amount of solution is drawn to marked level before pouring.

2. What is the proper use of test tube holders?

Ans. Test tube holders are used to hold test tubes firmly so that they can be hold in 

slant and away from the body while heating.

3. What is solution?

Ans. Solution is a homogenous mixture of two or more substances.

4. What is precipitation?

Ans. Precipitation is the formation of a precipitate layer at the top in a solution.

II. Fill up the blanks.

1. While heating test tube it should be kept............ from the body.

Ans. away

2. The holder should be fitted at ............ position of test tube.

Ans. top

III. Mark the correct answer.

1 .For better heating we should ensure constant

a) Blue flameV b) Red flame c) Green flame d) Yellow’ flame

2. To identify the precipitation, test tube should be held against a

a) black background b)Red background c)White background d) none
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Appendix - 4.7. Answer Key To Diagnostic Test for practical ‘Identification and
description of China Rose’ with major skill ‘Description’

I. Answer the fallowing questions in a word phrase or sentence.

1. What is the botanical name of China rose?

Ans. Hibiscus rosa sinensis.

2. China rose belongs to which family?

Ans. Malvaceae.

3. What is the type of root system in China rose?

Ans. Tap root.

4. What is floral formula?

Ans. Floral formula is a combination of abbreviations, simple diagrams and symbols 

used explain the floral charectors.

II. Fill up the blanks.

1 .China rose belongs to............ order.

Ans. Malvales.

2............. inflorescence is present in china rose.

Ans. Raceme.

III. Match the following.

A B

Leaf Petiolate

Flower Pedecilate

Calyx Gamopetalous

Corolla Gamosepalous

Androecium Monadelophous stamen

IV. Mark the correct answer.

1 .China rose is a

a) Herb b) Shrub^ c)Tree d) Creeper

2. Pentacarpellary syncarpous is a condition seen in

a) Calyx b) Corolla c) Androecium d) Gynoecium^
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Appendix - 4.8. Answer Key To Diagnostic Test for practical ‘To study effect of 
temperature, pressure and solute concentration on osmotic movement of water’

with major skill ‘Experimentation’

I. Answer the fallowing questions in a word phrase or sentence.

1 .What is osmosis?
Ans. Diffusion of water across a selectively permeable membrane from an area of low 
solute concentration to an area of high solute concentration is called osmosis.
2. What is diffusion?
Ans. Movement of water from an area of high concentration to an area of low 
concentration is called diffusion.
3. What is a semi permeable membrane?
Ans. A membrane which allows only certain particles to pass through it is called a 
semi permeable membrane.
4. Why it is necessary to take dry grapes of equal size?
Ans. Variable size will affect the turgidity time and the result.

V. Fill up the blanks.

1. Diffusion of water into the dry grape is............ process.

Ans. endosmosis

2. ............ is used to create pressure on water in a beaker.

Ans. Piston

VI. Match the following.

A B

Exosmosis Flaccid raisin

Endosmosis Turgid raisin

Semi-permeable Cell membrane

Non permeable Ploytene membrane

VII. Mark the correct answer.

1 .Selectively permeable membrane is/are

a) Egg membrane b) Sheep bladder c) Cell membrane d) All three^/ 

2. Osmosis is the function of

a) Temperature b) Pressure c) Solute concentration d) All three>/
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