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Introduction
Science is a specialized body of knowledge; knowledge of several facts,
phenomenon, laws, theories and their applications etc. A learner has to acquire this
established facts, recognizing “science as a product”. At the same time, science is also
“a process”, a way of establishing the truth exploring new areas of scientific
knowledge. So truth is the major concern of science and science recognizes truth as a
product as well as process.
Scientists always search for exploring the underlying truth of the natural
world. For doing this they are guided very much by their perception of relative truths,
which they develop on the basis of their background knowledge of scientific
principles, concepts and theories. If this interpretation of truth fails to explain the
reality of natural world, discrepancy between theory and facts appears resulting in
problems. In search of the solutions of those problems, scientists formulate alternative
hypothesis and verify them. There begins scientific investigation. In case of
emergence of problems in any scientific paradigm, solutions are sought within the
existing paradigm (Kuhn, 1962). If existing paradigm fails to provide solution to the
problems emerged, anomaly appears resulting a crisis in the existing paradigm. New
discovery begins with the awareness of anomaly. Continuous scientific searches go on
for removal of the anomaly. Thus problem plays a major role in the advancement of
science, a problem leads to an individual scientific growth; where as a problem has its
significant relevance to a scientist. In fact, problem solving is the essence of a
scientific invention (Wetzel, 2008) leading to exploration of new and newer
knowledge.
The concept of PBL is based on the theoretical principles of
constructivism. PBL was originally developed in the 1950’s in the area of health care
science. In PBL systems, learning is always based on a real or constructed problem.
Starting from this problem, learners acquire independently the knowledge needed to
finally develop a solution. The teacher has in this connection the role of a coach, who
helps answering subject-specific questions and on the other hand controls the learning
process. Problem based learning in science typically encourages learner’s scientific
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habits of mind. Hoover (1994) has included eight different dimensions to the
operational construct, namely, ‘Asking questions based on observations and prior
knowledge and experience; ‘Constructing hypotheses’- to guide an investigation;
‘Designing and conducting a science investigation; ‘Repeated trials- conducting an
investigation several times to average the date and determine the legitimacy of the
date’.
In the context of learning science, when students are given problems or
identify problems by themselves, they investigate the situation and search for
solutions, within their existing scientific knowledge. If the existing knowledge fails to
provide the solution, conflict results in their mind. They make continuous attempt for
resolution of the arouse conflict, recognize the gaps in their existing knowledge. This
challenges, their existing knowledge structure results a change in it and leads to the
construction of a new scientific science learning. Their conceptual frame work
explains clearly how do problem solving activities in science leads to learning
science.
Problem solving activity therefore has its significant relevance to a science
learner. It does not only result in solution of a particular problem, it also ensures great
possibility of effective science learning. This situation creates the necessity of
preparing a learning package.
‘Accurate records’- Keeping accurate data for all observations and
investigations; ‘Drawing conclusions’- based on the scientific investigation and prior
knowledge and experiences; ‘Using data’- to develop reasonable explanations of
scientific investigations and realizing that different conclusions can be drawn from the
same set of data and are still correct. The construct seems to be similar to different
methods and procedures of scientific investigation of learner- known as “Science
process skills” (Aktamis&Ergin, 2008). Discussion reveals that, PBL skills (Problem
solving skills in science) and the science process skills (useful for scientific
investigation of a learner) resemble similarities. Effective use of problem solving
skills of learner’s scientific investigation leads to an effective science learning.
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1.1 Criteria behind the selection of the study
In our adult lives, we build understanding largely through what we experience.
We develops our own interpretations to our own questions as from what we read or
hear. In that sense, our greatest challenges become our greatest learning experiences.
During our childhood we may ask parents what could be called “Why” questions,
Why is the sky blue? Why do things fall down? and we might have repeat the same
question again few days later. Even though we may not understand the answers at that
age, but the questions themselves show that we are thinking about the world from our
babyhood onwards and developing habits of thought.
The old school model of passively learning facts and receiving them out of
context is no longer sufficient to prepare students to survive in today’s world. Solving
highly complex problems require that, students have both functional skills (reading,
writing and arithmetic) and 21st century skills (team work, problem solving, research
gathering, time management, information synthesizing, utilizing high tech tools).
With this combination of skills, students become directors and managers of their
learning process, guided and mentored by a skilled teacher. Here comes the
importance of Problem Based Learning (PBL), a teaching technique that educates by
presenting students with a situation that leads to a problem for them to solve. It is not
just a way to get students to find a correct answer. Frequently the problems have no
single “right” answers. Instead, students learn through the act of trying to solve the
problem they interpret the question, gather additional information, create possible
solutions, evaluate options to find the best solutions, and then present their
conclusions.
PBL is not just a way of learning; it’s a way of working together. If students
learn to take responsibility for their own learning, they will form the basis for the way
they will work with others in their adult lives.
It is known that children have various learning styles. They build their
knowledge on varying backgrounds and experiences. It is also recognized that
children have a broader range of capabilities than they have been permitted to show in
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regular class rooms with the traditional text-based focus. PBL addresses their
differences, because students must use all modalities in the process of researching and
solving a problem, then communicating the solutions. When children are interested in
what they are doing and are able to use their areas of strength, they achieve at a higher
level. Problem based learning guides learners to useful facts and concepts that would
not otherwise have been encountered. Problem Based Learning helps to cultivate
strategic learners and problem solvers who can work with the local community as
innovators and embracers of productive, progressive education.
Science investigations and Problem Based Learning use similar methods and
skills for problem solving. Science is about doing, so the PBL approach to teaching
science helps both the learner and teacher to become inquisitive and autonomous.
This approach works well with students as young people are naturally active, curious
and exploring. As Goodrun, Hackling and Rennie (2001) maintain, students enjoy
science when it is student centered, active and focused on investigation. This
approach makes learning science truly student centered, relating it to real life
problems and possible solutions, they needed to design a science course that would
prepare these future teachers to think critically, identify and use appropriate resources
and enhance creativity. It was precisely because Problem BasedLearning could be all
these things that we decided to adopt it as the main method of teaching and learning
science.

1.2 Statement of the problem
The aim of the present study is to develop a teacher assisted learning package
based on Problem Based Learning for teaching Biology at secondary school level and
to measure its relative effectiveness with existing Activity Oriented Method of
Instruction. This study also aims at enhancing science process skills and scientific
creativity among the learner. The study of this problem may provide more
information on what curriculum methods can help the students in deep level
understanding of science concepts. This study provides tips for instructional designers
to activate problem solving and inquiry skills among the learner and for preparing
specially designed teaching learning resources for meaningful self-directed learning.
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Hence the topic selected for this purpose is titled as “Developing a teacher
assisted learning package in Biology based on Problem Based Learning for
enhancing science process skills and scientific creativity among secondary school
students”.

1.3 Definition of key terms
Learning package
Learning package is a collection of materials to effect specialized learning
outcome. Learning package is a document containing all that is necessary for a learner
to attain one or more specific objectives independent of the teacher. It is to enable
students to develop their knowledge through integration of theoretical and practical
material. A learning package includes material to read, look at, to work with and to
undertake. Any learning package should consist of the following.


Clear statement of objectives.



Meaningful language.



Input illustrations, summaries and translation can be provided for better
understanding.



Exercise materials and activities.



Flexibility of materials.



Clear learning instructions.



Feedback and testing.

Problem Based Learning
Problem Based Learning is a student centered method of teaching that
involves learning through solving unclear but genuine problems. It is a constructivist,
student focused approach that promotes reflection skills in communication and
collaboration, and requires reflection from multiple perspectives. (Yelland, Cope
&Kalantzis, 2008)
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By the term Teacher assisted learning package based on PBL, the investigator
means the selected strategies of PBL such as brainstorming, elaboration, engagement,
explanation, analogies, analysis etc within the learning package and implemented with
the assistance and scaffolding of the teacher.
Science process skills
Science process skills are defined as a set of broadly transferable abilities
appropriate to many science disciplines and reflective of the behavior of scientists.
Science, a process approach grouped science process skills into two types- basic and
integrated. The basic process skills provide a foundation for learning the integrated
skills. These skills include skills that every individual could use in each step of his or
her daily life by being scientifically literate and increasing the quality and standard of
life by comprehending the nature of science. These skills are listed as follows.
Basis science process skills


Observing



Inferring



Measuring



Communicating



Classifying



Predicting

Integrated science process skills


Controlling variables



Defining operationally



Formulating hypothesis



Interpreting data



Experimenting
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Scientific creativity
Creativity in science can be defined as “it can explain itself in comprehending the new
ideas and concepts added to scientific knowledge, in formulating new theories in
science, finding new experiments presenting the natural laws, in recognizing new
regulatory properties of scientific research and the scientific group, in giving the
scientific activity plans and projects originally and many other areas”. (Moravcsik,
1981)

1.4 Objectives of the study
1. To prepare and validate a learning package in biology based on Problem
Based Learning.
2. To compare the effectiveness of instruction using learning package based on
Problem Based Learning with the existing Activity Oriented Method of
Instruction on Science Process Skills among secondary school students.
3. To compare the effectiveness of instruction using leaning package based on
Problem Based Learning with the existing Activity Oriented Method of
Instruction on Scientific Creativity of secondary school students.
4. To compare the effectiveness of instruction using Learning package based on
Problem Based Learning with the existing Activity Oriented method of
Instruction on different factors of Scientific Creativity such as Fluency,
Flexibility and Originality of secondary school students.

1.5 Hypotheses of the study
1. The attainment of Science Process Skills of secondary school students taught
through Learning Package Based on Problem Based Learning is significantly
higher than those taught through the existing Activity Oriented Method.
2. The Scientific Creativity of secondary school students taught through
Learning Package Based on Problem Based Learning is significantly greater
than those taught through the existing Activity Oriented Method of
Instruction.
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3. The Scientific Creativity of secondary school students taught through
Learning Package Based on Problem Based Learning is significantly higher
than those taught through the existing Activity Oriented Method with respect
to Fluency..
4. The Scientific Creativity of secondary school students taught through
Learning Package Based on Problem Based Learning is significantly higher
than those taught through the existing Activity Oriented Method with respect
to Flexibility
5. The Scientific Creativity of secondary school students taught through
Learning Package Based on Problem Based Learning is significantly higher
than those taught through the existing Activity Oriented Method with respect
to Originality.

1.6 Scope of the study
The focal point of contemporary education systems is student centered, active
learning process within which teacher is merely a guide. The active learning is a
learning process in which the learner takes the responsibility of his or her learning. It
explores the opportunities to make decisions of the learning process and to perform
self-regulation. In active learning process learning transforms into personalized
process from standard process. Here skills of problem solving, critical and creative
thinking skills are developed. Human face various problems in their daily life
situations and they try to resolve it. In this respect, it is important for students to be
prepared for the future by facing real or real like problems in their learning
environment and learners have to find out appropriate solution to their problems.
Educations should enable the learner to become an effective problem solver in their
actual lives.
The present study makes an attempt to prepare a learning package for
enhancing science process skills among secondary school students. It is expected that
the package prepared would be helpful in enhancing science process skills and
scientific creativity among secondary students. The findings of the study can be much
helpful in implementing different curricular reforms in the field of secondary
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education. The package will help the learner to develop problem solving capacity,
critical thinking skills, prediction skills, decision making ability and self-analyzing
capacities. The findings of the study help the teacher educators, school practitioners
and teacher educands in adopting reflective practices in future. The curriculum
designers should compulsorily incorporate Problem Based Learning strategies in
science curriculum and allocate time for practicing the same on a regular basis.
This study reveals that Problem Based Learning is more likely to equip
secondary school students to deal with the demands of a changing society than
conventional method of instruction. It also viewed as a successful strategy to align
university courses with the real life professional work students are expected to
undertake on graduation or within higher education. Problem Based Learning
approach is characterized by flexibility and diversity in the sense that it can be
implemented in a variety of ways in different subjects and disciplines in diverse
contexts.
This theme of science education reforms is to understand science as a
process,i.e. as ways of thinking and doing as well as bodies of knowledge. Science
learning need to occur in the context of real investigation through inquiry and
resolving, which means teaching for understanding not memorization of facts. Most
of the researchers advice that learning is best and meaningful, when the learner is the
one who looks deeper to create meaning and develop understanding. Understanding
means deep learning that goes beyond simply “knowing”, such as being able to do
thought demanding things with a topic like finding evidence and interpreting
information in new ways. So students need to “uncover” contents for meaning, to
question and verify ideas if they are to be understood. So, as a science teacher we
should give emphasis and priority in shaping content in ways that engage students in
making sense out of it through inquiry and application. Learning from this perspective
is much more under the responsibility of learner. PBL gives students opportunities to
be self-directed while maintaining cohesion in the class room. So the investigator
thinks of preparing a learning package based on Problem Based Learning for
enhancing science process skills and scientific creativity among secondary school
students.
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In short, the package prepared would be of immense help to student teachers.
The findings of the study will promote the use of innovative instructional strategies.
The study highlights that teachers should give proper encouragement, training and
support in practicing problem solving skills among students so that they become selfregulators in learning. The study aims to envisages that teachers should adopt
innovative strategies and plans to make the learner independent in learning.

1.7 Delimitations of the study
Despite the genuine attempts made by the investigator to make the study as
objective as possible, there may be imperfections galore. There are limitations a
plenty, most of which are unpremeditated.
Due to lack of time, the study was limited to only secondary school students of
Ernakulam district of Kerala for want of requisite resources. More sample from other
districts in Kerala would have produced more generalized results. But constraints of
time and other problems like lack of funds and dearth of related studies have
restrained the investigator from conducting a broader and more detailed study.
Biology education is a wide area of research and therefore only 2 units were
selected for the study. The sample selected for the study was limited to 80students
only because of insurmountable practical difficulties in conducting the experimental
study of control group, experimental group, pretest posttest design.
Despite the above mentioned limitations are possible attempts were made to
conduct the study as reliable and objective as possible. It is hoped that the result of the
study would help researchers, teachers and learners to reach new frontiers in biology
education.
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1.8 Organization of the report
The research report consists of six chapters.
Chapter - 1 : Introduction
The introductory chapter presents a foundation for selecting the present
problem, its significance, statement of the problem, definition of key terms, statement
of hypotheses, objectives of the study and a brief description of the scope and
limitations of the study.
Chapter - II : Problem Based Learning: An Overview
This chapter deals with steps, strategies ,importance of Problem Based
Learning
Chapter III : Review of Related Literature
A brief overview of the related studies as well as scholarly works done by
researchers with more proximity to the present one is included in this chapter.
Chapter IV : Methodology
Describes the methodology adopted for the study, it includes methods selected
for the study, design of the study, selected independent and dependent variables,
selection of sample, preparation of materials and tools used for the study and
statistical procedures adopted.
Chapter V : Analysis and Interpretation of data
It presents details regarding the analysis of data. The analysis have been
followed by interpretation of the major findings.
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Chapter VI - Summary, Conclusions and Suggestions
This chapter presents a retrospective view of the study, major conclusions,
educational implications of findings and suggestions for further research. The
conclusion is followed by a bibliography and appendices
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2.1 Problem Based Learning: Description

Science education in schools is aimed at providing knowledge of surrounding nature,
and society and should develop scientific attitude, curiosity, scientific interest and
inquiry skills. Recently the traditional teacher centered methods are inefficient and
challenged in their ability to foster critical and creative thinking, cognitive skills and a
holistic learning environment among children. Apart from knowing of different facts,
concepts and principles the subject is expected to develop science process skills where
children observe, measure, classify, compare, interpret, formulate generalizations etc.
there comes the importance of approaching scientific facts in a problematic way.
In the context of learning science, when students are given problems or
identify problems by themselves, they investigate the situation and search for the
solutions. So Problem Based Learning in science typically encourages learner’s
scientific habits of mood.
Problem Based Learning is an approach that challenges students to learn
through engagement in a real problem. It is a format that simultaneously develops
both problem solving strategies and disciplinary knowledge bases and skills by
placing students in the active role of original problem solvers confronted with an illstructured situation that simulates the kind of problems they are likely to face in
future.
Problem Based Learning is a student centered pedagogy in which students
learn about a subject through the experience of solving an open ended problem.
The Problem Based Learning format originated form the medical school of
thought, and is now used in other schools of thought too. Problem Based Learning is a
style of learning. Problem Based Learning represents a paradigm shift from traditional
teaching and learning philosophy which is more often lecture-based. In Problem
Based Learning working in groups, students identify what they already know, what
they need to know, and how and where to access new information that may lead to the
resolution of the problem. The role of the instructor known as the tutor in PBL is to
facilitate learning by supporting, guiding and monitoring the learning process. The
tutor must build student’s confidence to take on the problem and encourage the
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students, while also stretching their understanding. By using the power of authentic
problem solving we could engage students and enhance their learning and motivation.
There are several unique aspects that define the Problem Based Learning approach;


Learning takes place within the contexts of authentic tasks, issues and
problems that are aligned with real world concerns.



In a Problem Based Learning course, students and the instructor become colearners, co-planners, co-producers and co-evaluators as they design,
implement and continually refine their curricula.



Problem Based Learning approach stimulates students to take responsibility
for their own learning, since there are few lectures, no structured sequence of
assigned readings and so on.



Problem Based Learning approach fosters collaboration among students,
stresses the development of problem solving skills, enhances effective
reasoning and self-directed learning.



It aimed at increasing motivation for lifelong learning.

Characteristics of Problem Based Learning

Problem Based Learning is an instructional method in which students learn through
facilitated problem solving that centers on a complex problem that does not have a
single correct answer. She noted that students work in collaborative groups to identify
what they need to learn in order to solve a problem, engage in self-directed learning,
apply relevant knowledge to the problem, and reflect on what they learned and the
effectiveness of the strategies employed. The following are the essential
characteristics of PBL.
1. Students have the responsibility for their own learning- Problem Based
Learning is a student-centered approach- students engage with the problem
with their existing cognitive structure. In this approach students are selfmotivated which increases when responsibility for the solution to the problem
and the process rests with the learner, and as student ownership for learning
increases.
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2. In Problem Based Learning problem must be ill-structured and allow for free
inquiry. Through Problem Based Learning students develops an ability to
identify the problem and set parameters on the development of a solution.
3. Learning should be integrated from a wide range of disciplines or subjects.
Barell notes that during self-directed learning, students should be able to
access, study and integrate information from all the disciplines that might be
related to understanding and resolving a particular problem just as people in
the real world must recall and apply information integrated from diverse
source in their work.
4. Collaboration is essential
During a Problem Based Learning session the tutor will ask questions of any
and all members to ensure that information has been shared between members
in relation to the group’s problem.
5. What students learn during their self-directed learning must be applied back to
the problem with reanalysis and resolution.
6. Problem Based Learning is a very engaging, motivating and involving form of
experiential learning, learners are often very close to the immediate details of
the problem and the proposed solution.
7. Self and peer assessment should be carried out at the completion of each
problem and at the end of every curricular unit.
8. The activities carried out in a Problem Based Learning must be those values in
the real world.

2.2 Steps of Problem Based Leaning
Step 1



Identify outcomes and assessments



Collaboration, research and problem solving



Formative and summative assessments to measure student
learning
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Group contracts
Self/peer evaluation
PBL Assessment

Learning reflections
Writing samples
Rubrics

Step 2

Design the scenario- embedded problem that will emerge through
student brain storming.

Step 3

Step 4



Introduce PBL



Grouping students



Allow time to engage in



Introduce the assignment

Research


Small group brain storming sessions where student define the
problem and determine what they know about the problem
(background knowledge)

Step 5



What they need to learn more about (topics to research)



Where they need to look to find data (databases, interviews etc)



Group should write problem as a statement or research question



Group roles, assign responsibility- Form initial hypothesis

Product Performance
Students find resources to develop background knowledge that informs
their understanding and then collaboratively present their findings.

Step 6

Assessment
Use rubrics to assess their work whether students have clearly
communicated the problem, background, research methods, solutions
(feasible, and research based) and resources and to decide whether all
groups members participated meaningfully.



Form small groups



Present the problem
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Activate the group



Provide feedback (The key to managing a PBL session is
providing continual feedback to maintain student enthusiasm
while simultaneously prolonging the solution of the problem to
ensure that adequate learning occurs.



Ask for a solution

2.3 Problem Based Learning strategies
Problem Based Learning, a methodology that builds on problems to develop students
new knowledge, can also be useful in helping students to learn nature of science.
Problem solving is the process used to solve a problem. Since PBL starts with a
problem to be solved, students working in a PBL environment should be skilled in
problem solving or critical thinking or thinking on your feet.
Students are at the centre of learning when teachers implement PBL. First, a
problem or scenario is presented to stimulate student interest. Students work in small
groups of 4 or 5 individuals to investigate the problem. It should be noted that solving
the problem is not the objective; the power of PBL is found within the learning
process itself through student-directed inquiry. Scientific facts and concepts are not
taught directly, but integrated within the scientific process. Also integrated within the
process of reading, writing, vocabulary and if desired mathematics and a host of other
disciplines.
When investigating a PBL scenario, students assume role of scientist.
Effective problems are those that engage student interest and motivate them to probe
for deeper understanding of science concepts. Good problems ask students to
formulate ideas or judgements based on facts that may be prior knowledge,
information given in the scenario, and logic. Problem Based Learning usually
includes several steps.
The five steps model in the chart below identifies these steps:
1. Problem is presented and read by group member, while another acts as scribe
to mark down FACTS as identified by group.
2. Students discuss what is known (the facts).
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3. Students discuss what they think and identify the broad problem (brainstorm
their ideas and formulate their hypotheses).
4. Students identify their learning needs (what they need to learn in order to
prove or disprove their ideas).
5. Students share research findings with their peers, then recycle steps 2-4.

PBL is an exciting alternative to traditional classroom learning. With PBL teacher
present a problem, not lectures or assignments or exercises. In PBL session learning
becomes active in the sense that learner discover and work with content that the
learner determine to be necessary to solve the problem. Here teacher act as a
facilitator and mentor rather that a source of solutions.

PBL provides opportunities to
-

Examine and tryout what you know.

-

Discover what you need to learn.

-

Develop your skills for achieving higher performance in teams.

-

Improve communication skills.

-

State and defend positions with evidence and sound argument.

-

Become more flexible in processing information.

-

Practice skills that you will need after education.

Abstraction: abstraction means solving the problem in a model of the system
applying it to the real system.
Analogy: using a solution that solves a analogous problem.
Brainstorming: suggesting a large number of solutions or ideas and combining and
developing them until an optimum solution is found.
Uses of open ended and metacognitive questioning- general strategy to encourage
explanations and recognition of knowledge limitations.
Explaining: assuming possible explanation to the problem and trying the
assumptions.
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Rejoicing: Clarify ideas, Mark ideas as important and subtly influence direction of
discussion.
Lateral thinking: approaching the solutions indirectly and creatively.
Means end analysis: Choosing an action /step towards the goal.
Elaboration and summarizing: Ensure joint representation of problem, help students
synthesize data and ensure all ideas get recorded and important ideas are not cost.
Evaluate hypotheses: Help students focus their inquiry examines fit between
hypotheses and accumulating evidence.
Morphological analysis: evaluate and assessing the output and interaction of the
entire system.
Encourage construction of visual representation: Construct integrated knowledge
structure that ties mechanisms to observable effect.
So, Problem Based Learning gives students opportunities to be self-directed while
maintaining cohesion in the classroom. It is effective with students of varying abilities
because students are the ones who choose the problems and methods of study based
on developmental level and interests. In Problem Based Learning student learning
centers on a complex problem that does not have a single correct answer. Students
work in collaborative groups to identify what they need to learn in order to solve a
problem. They engage in self directed learning and then apply their new knowledge to
the problem and reflect in what they learned and the effectiveness of the strategies
employed. Problem Based Learning helping students develop;


Flexible knowledge.



Effective problem solving skills.



Special skills.



Effective collaboration skills..



Intrinsic motivation.
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2.4 Importance of Problem Based Learning

Wood (2003) defines Problem-Based Learning as a process that uses identified issues
within a scenario to increase knowledge and understanding. The principles of this
process is listed below:


Learner-driven self-identified goals and outcomes



Students do independent, self-directed study before returning to larger group



Learning is done in small groups of 8-10 people, with a tutor to facilitate
discussion



Trigger materials such as paper-based clinical scenarios, lab data,
photographs, articles or videos (real or simulated) can be used



Based on principles of learning theory



All members of the group have a role to play



Allows for knowledge acquisition through combined work and intellect



Enhances teamwork and communication, problem-solving and encourages
independent responsibility for shared learning - all essential skills for future
practice

Problem-Based Learning addresses the need to promote lifelong learning through the
process of inquiry and constructivist learning. PBL is considered a constructivist
approach to instruction because it emphasizes collaborative and self-directed learning
while being supported by tutor facilitation. Yew and Schmidt, Schmidt, and Hung
elaborate on the cognitive constructivist process of PBL:


Learners are presented with a problem and through discussion within their
group, activate their prior knowledge.



Within their group, they develop possible theories or hypotheses to explain the
problem. Together they identify learning issues to be researched. They
construct a shared primary model to explain the problem at hand. Facilitators
provide scaffold, which is a frame work on which students can construct
knowledge relating to the problem.



After the initial teamwork, students work independently in self-directed study
to research the identified issues.
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The students re-group to discuss their findings and refine their initial
explanations based on what they learned.

PBL assists in processes of creating meaning and building personal interpretations of
the world based on experiences and interactions. PBL assists to guide the student from
theory to practice during their journey through solving the problem.
Advantages of Problem-Based Learning
Like any other learning theories, Problem-Based Learning too has its advantages and
limitations when it is implemented in the curriculum. Since this experiment began in
medical education, strong opinions have been expressed and questions raised
regarding the effectiveness and educational efficiency of Problem-Based Learning
approach in teaching sciences basic to
medicine. Following are the advantages
1. Fosters student-centered learning
In Problem-Based Learning the students are actively involved and they like
this method. It fosters active learning, and also retention and development of
lifelong learning skills. It encourages self-directed learning by confronting
students with problems and stimulates the development of deep learning.
2. Upholds lifelong learning
Problem-based learning gives emphasis to lifelong learning by developing in
students the potential to determine their own goals, locate appropriate
resources for learning and assume responsibility for what they need to know. (.
It also greatly helps them better long term knowledge retention.
3. Prominence on comprehension not facts
Problem-Based Learning focuses on engaging students in finding solutions to
real life situations and pertinent contextualized problems. In this method
discussion forums collaborative research take the place of lecturing.
4. In-depth learning and constructivist approach
PBL fosters deep learning by involving students with the interaction of
learning materials. They relate the concept they study with everyday activities
and enhance their knowledge and understanding. Students also activate their
prior knowledge and build on existing conceptual knowledge frameworks.
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5. Arguments self-learning
Students themselves resolve the problems that are given to them, they take
more interest and responsibility for their learning. They themselves will look
for resources like research articles, journals, web materials etc. for their
purpose. Thus it equips them with more proficiency in seeking resources in
comparison to the students of traditional learning methods.
6. Better understanding and adeptness
When we give more significance to the applicability and relevance to the
learning materials it leads to better understanding of the subjects learnt. When
students are given more challenging and significant problems, it makes them
more proficient. The real life situations and problems makes their learning
more profound, lasting and also enhance the transferability of skills and
knowledge from the classroom to work. Since there is more scope for
application of knowledge and skills the transferability is increased.
7. Reinforces interpersonal skills and teamwork
Problem Based Learning is more of teamwork and collaborative learning. The
teams or groups resolve relevant problems in collaboration and hence it fosters
student interaction, teamwork and reinforces interpersonal skills. like peer
evaluation, working with group dynamic etc. It also fosters in them the
leadership qualities, learn to make decision by consensus and give
constructive feed back to the team members etc.
8. Self-motivated attitude
Researchers say that students like Problem-Based Learning classes rather than
the traditional classes. The increase in the percentage of attendance of students
and their attitude towards this approach itself makes it very clear that they are
self-motivated. In fact it is more fascinating, stimulating and more flexible and
interesting to students. They enjoy this active learning environment, they can
learn independently. All these aspects make students more self-motivated and
they pursue learning even after they leave the school or college.
9. Enriches the teacher-student relationship
Since the students are self-motivated, good teamwork, self-directed learning
etc make the teachers to prefer Problem Based Learning. They also feel that
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Problem-Based Learning is more nurturing, significant and beneficial to the
cognitive growth of the student.
10. Higher level of learning
The PBL increases student’s learning competencies, problem solving, selfassessment techniques, data gathering, behavioral science etc. It is because
they are better at activating prior knowledge, the knowledge they gained in
one situation applies in future context which elaborate better understanding
and retention of knowledge.

26

Review of Related Literature

Chapter 3

REVIEW OF RELATED LITERATURE

3.1 Studies Related to Problem Based Learning and academic achievement
3.2 Studies Related to Problem Based Learning and science process skills
3.3 Studies Related to Problem Based Learning and creativity

Review of Related Literature

27

REVIEW OF RELATED LITERATURE
The review of related literature involves the systematic identification location and
analysis of documents containing information related to the research problem. These
documents include articles, abstracts, reviews, dissertations, books, other research
reports and electronic media, The major purpose of reviewing the literature is to
determine what has already been done that relates to the topic. This knowledge not
only avoids unintentional duplication, but it also provides the understandings and
insights necessary to develop a logical framework into which the topic fits. In other
words the review tells the researcher what has been done and, in so doing, also
suggests what needs to be done.
Literature review helps to point out research strategies, specific procedures and
measuring instruments that have and have not been found to be productive in
investigating the topic. This information will help to avoid other researcher's mistakes
and to profit from their experiences.
Review of the related literature, besides allowing the researcher to acquaint himself
with current knowledge in the field or area in which he is going to conduct his
research serves the following purposes. It enables the researcher to define the limits of
his field. The knowledge of related literature brings the researcher up to date on the
work which others have done and thus to state the objective clearly and concisely. So
the literature review helps the researcher to avoid unfruitful and useless problem
areas. It gives the researcher an understanding of the research methodology which
refers to the way the study is to be conducted.
Here the investigator had collected studies related to the topic under study and had
arranged the studies in the following sections:
3.1 Studies related to Problem Based Learning and academic achievement
3.2 Studies related to Problem Based Learning and science process skills
3.3 Studies related to Problem Based Learning and scientific creativity
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3.1 Problem Based Learning And Academic Achievement
Problem Based Learning has its roots in constructivist learning theories, as a useful
instructional alternative to conventional teaching. Such learning environments are
designed to help students to construct an extensive and flexible knowledge base,
become effective collaborators, develop self- directed learning skills, develop
effective problem solving skills, and become intrinsically motivated to learn. Hence
the investigator classified this section in to two part; one part focus for analyzing how
far Problem Based Learning approach enhances the academic performance and the
remaining part focus for verifying the extent of excelling the curriculum transaction
attributes through the effect of Problem Based Learning.
In this section the investigator attempted to collect, describe and explain a few studies
on the impact of problem based learning in improving student’s performance level.
Bayat, Sahar, T. , Ahmad, R. (2012) presented a research study on “Collaborative
Problem Based Learning in mathematics: A cognitive load perspective". This study
examined the effects of Problem Based Learning on educational statistics course.
Comparing students' performances based on two tests showed that there was
significant difference between the mean performance of the PBL group and that of the
conventional group - indicating PBL efficacy.
Duran, Mesut, S . , Serkan (2012) presented a paper on "Comparing pre-service
teachers' perceptions of instructional activities implemented in an online Problem
Based Learning and online instructor-led learning". Findings pointed out that preservice teachers in online Problem Based Learning group found the ill-structured
problem scenarios encourage in gaining content knowledge. The study envisages that
pre-service teachers develop different perceptions about the course, the instructor and
learner's role when different online instructional strategies were implemented.
To find out the effects of Problem Based Learning on the students' success in physics
course, conducted by Silay, Iihan et al. (2011) determined that there was statistically
significant difference between two groups in terms of students' total mean scores in
favour of PBL group and PBL is effective on student's achievement in physics.
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Abu, Roshniet. At (2010) pointed out that PBL is efficient as the conventional
teaching strategy in enhancing academic achievement
Bakac, Mustafa and Tasoglu, AslihanKartal (2010) conducted a study on the effect
of Problem based learning and traditional teaching methods on students’ academic
achievement, conceptual development and scientific process skills according to high
school students revealed that PBL method is more effective on students’ conceptual
development.
Eryilmaz, A. ,Ates, Ozlem (2010)from their study on "Factors affecting performance
of tutors during Problem Based Learning implementation" indicated that tutors' level
of adaptation of the PBL and their content expertise were commonly mentioned as
factors which affect their performance positively during PBL implementation.
Rajeswari (2010) did a study on "Problem Based Learning in physics". The study
found that the Problem Based Learning strategy is more effective to increase the
achievement in physics of higher secondary school students in Kerala. The Problem
Based Learning strategy study also will help teachers to expand the boundaries of
their creativity and also the creativity of their students beyond the walls of the
classroom.
To examine the "Effects of PBL and motivational styles of high school students'
attitudes on biology courses and on their academic achievement" did by Solak,
Kemal et al. (2010). The results of the study indicated that, method and motivational
styles did not affect on the attitudes of high school students towards biology.
Sulaiman,Fauziah (2010) conducted a study to assess students' perception towards
implementing an instructional method known as Problem Based Learning in a physics
course. The findings in general come up with two themes: communication and sharing
knowledge; and help in understanding concepts in modern physics/ physics content
knowledge through the effect of Problem Based Learning.
Sudharma (2008) revealed the potential difference between PBL and prevailing
instructional approaches. She made an attempt to the envisage that PBL approach on
pedagogic landscape with a benchmark in social science instruction, has changed
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scenario of social science demands systematic process of instruction and a master
strategy of teaching and learning that can give the students a variety of life oriented
experienced
A study conducted by Orhan, Akinoglue , R. , Ozkardes (2007)"Effect of Problem
Based Active Learning in science education on student's academic achievement,
attitude and concept learning” concluded that the implementation of Problem Based
Active Learning Model had positively affected student's academic achievement and
their attitudes towards the science course. It was also found that the application of
Problem Based Active Learning Model affects student's conceptual development
positively and keeps their misconceptions at the lowest level.
Sungar, Tekkaya, and Geban (2006) conducted a study with 61 tenth graders from
Turkey studying a unit on the human excretory system. Those students in the PBL
treatment group earned significantly higher scores than the control group in regard to
science achievement. Not only were they better able to organize and use relevant
information, but they made stronger conclusions. PBL students believed that the
cooperative approach of PBL coupled with the practical application of knowledge
contributed to their learning.A later study with two of the same researchers
(Sungar&Tekkaya, 2006) found that PBL enhanced high school students' selfregulation skills, both in regard to motivation and learning strategies.
Bhattacharya and others (2005) in a study regarding the attitude of students and
teachers on PBL. From the study it was concluded that the implementation of PBL is
flexible even in the traditional set up despite limited resources.
Maxwell and Mergendeller (2005) in their study examined the potential differences
between PBL and traditional instructional approaches in building knowledge of
macro-economic concepts and principles in high school students. They found strong
evidence of an increased instructional interaction on students' learning of macroeconomic using PBL. The result suggests that PBL can improve students' learning if
instructors who are well trained in both PBL technique and economics implement it.
Lancaster et al. (2002) in a study on investigating the curricula's influence on
medical student's perceptions of learning environment; as measured with PBL and
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conventional Lecture Based Learning (LBL) tracks over three years. Results indicated
that PBL students' attitudes were significantly more positive than LBL students' after
the first year.
Mc Donald, James (2002) done a study entitled "Using Problem Based Learning in a
Science Method Course". The study revealed that teaching methodologies such as
Problem Based Learning as an effective tool that teaches co-operative learning and an
inquiry based methodology for science instruction.
Visser (2002) compared the effects of Problem Based Learning and lecture based
instruction on student's problem solving and attitudes in a high school genetic class.
The investigator found that statistically significant differences in learning outcomes
and motivation for students in the Problem Based Learning as compared with lecture/
discussion treatments, yet recounting more confidence in their learning.
Kim, Heeyoung, Chung, Ji- Sook and Kim, Younghoom (2001) done a study on
"Problem Based Learning in web based science classroom". The study concluded that
Problem Based Learning in web based science program developed student's scientific
thinking and creativity through a set of interaction including teacher-to-student,
student-to-teacher, student-to-student, group-to-group, student-scientist and studentcognitive tools.

3.2 Studies related to Problem Based Learning and science process
skills
Merrienboer,V., Jeroen (2013) investigated the perspectives on problem based
learning and instruction. It was found that problem solving should not be limited to
well structured problem solving but be extended to real life problem solving.
Kuo et al. (2012) experimented a hybrid approach to promoting students web based
problem solving competence and learning attitude. Results show that middle and low
achievement students in the experimental group gained significant benefits from the
hybrid approach in comparison with those who learned with the traditional approach.
Tsai et al. (2012) analyzed visual attention for solving multiple choice science
problems. Studies showed that successful problem solvers focused more on relevant
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factors while unsuccessful problem solvers experienced difficulties in decoding the
problem, in recognizing the relevant factors and in self regulating concentration.
Manapure (2011) studied the effect of Problem Based Learning on science teacher
trainers for the solution of the environmental problems. It shows that problem solving
method improves the scientific operation skills of the scienceteacher trainees.
The study made by Manoj and Devananthan (2011) concludes that
(i)

PBL strategies significantly enhance process skills in biological science.

(ii)

Process skills in biological science and scientific attitude are positively
correlated.

(iii)

PBL has bearing on improving scientific attitude of students at secondary
level.

Yeung (2010) studied the impact of problem based learning on a pre-university
geography class. Results showed that students could analyse problem statements and
presents their understanding systematically but varied considerably in organization,
argument and quality of thinking.
Simone (2008) studies the impact of problem based learning on prospective teachers
problem solving abilities. The participants in problem based learning were
significantly better in constructing, elaborating, relating their solutions to the problem
and using multiple resources than the control group following the traditional
approach.
Kumar and Natarajan (2007) examined the components of a theoretical problem
based learning frame-work adopted by a reform minded tertiary institution in
Singapore. It was found that by learning disciplinary content matter through the
instructional strategy of solving real life or simulated problem, higher order skills
such as critical evaluation and information processing developed in students.
Sungur and Tekkaya (2006)conducted a study on effectiveness of problem based
learning and traditional instructional approaches on various facets of students self
regulated learning, including motivation and learning strategies. Results revealed that
problem based learning students had higher levels of intrinsic goal orientation, critical
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thinking, meta-cognitive, self regulation and peer learning compared with control
group students.
Sunitha (2004)conducted a study on effectiveness of problem solving approach on
achievement and problem solving ability at higher secondary level. It is revealed that
the problem solving approach is more effective than the conventional text book
approach.
Basile et al. (2003) in their study explored problem based learning as a dimension
that adds context and framework to coaching & reflection. Implication from the study
envisages that problem based learning is a valid process for the enculturation of
teacher candidates to schools and to the profession of teaching.
Mestre (1993)conducted a study on promoting skilled problem solving behaviour
among beginning physics students. For that beginning students were constrained to
analyze mechanics problem according to a hierarchical scheme that integrated
concepts, principles and procedures. Students increased their reliance on the use of
principles in categorizing problems according to similarity of solution and in writing
qualitative explanations of physical situations.
Myres (1993) studied whether the inquiry based problem solving model supports
sustained exploration of a multimedia data base. The result showed that the discrepant
event inquiry approach provided motivation for sustained learning activities.
Germann (1991) found that the directed inquiry approach is effective in learning
science process skills and scientific problem solving.
Ashalatha (1990) in her study of problem solving ability in biology of high average
and low creative secondary school pupils found that there are differences in the
problem solving ability in biology between high average and low creative secondary
school pupils.
An experimental study conducted by Rekha (1988) reveals that the piagetian model
of teaching is effective for the development of problem solving ability in secondary
school students. Kilpatrick (1987) discussed and suggested that by drawing students
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attention to the reformulating process and given practices in it, the students can
improve problem solving performance.
3.4 Studies related to Problem Based Learning and Creativity
Elder & Paul (2007) Suggested that creativity cannot be divorced from the ability for
critical thoughts and the two of them are inseparable integrated and unitary.
This session has examined the findings of studies conducted between 1985 and 2007
in an effort to chart the landscape of research on PBL and creativity. So as to get a
clear picture of their relationship, various empirical studies supported by a diverse
range of high quality studies pointed out the effectiveness of PBL in fostering
creativity.
Barak (2006) advocated that PBL has been suggested as an alternative, more
progressive approach to instruction and one that is premised on offering opportunities
for exercising creativity and for its development.
Semeric(2006) theorized that by having authentic problems rather than content as the
focal point and with students assuming the role of active problem solvers and teachers
as facilitators or guides, higher level thinking skills, such as creativity are likely to be
attained.
Sungur&Tekkaya( 2006) PBL has been reported to produce positive effects on
important aspects of SRL

in high-school students, as well as student’s self-

directedness, although this was dependent on the size of the PBL group.
Chamberlin &Moon( 2005) reported that students in middle grades that showed PBL
curricula had the potential to develop mathematical creativity.
Ward & Lee (2002) suggested that PBL encourages students to look for new
solutions to the problems presented using available knowledge and resources. This
process is believed to enhance their creative capabilities.
Blumber (2000) concluded form a review of the literature on SDL in PBL students
that PBL fosters SDL behaviours by encouraging learners to actively seek out
information and compelling them to use deep level processing strategies. Self
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direction is promoted as students engage in activities that encourage and enable them
to assume more responsibility for their own learning, that urge them to make their
cognitive process overt so that they can monitor and assess the effectiveness of their
thinking, and that enculture them into self regulation by engaging them in relevant
authentic and discipline focus activities.
Tan (2000) examined the impact of a PBL intervention program on student’s
creativity participants comprised experimental and control groups of first year
polytechnic students studying engineering or the applied sciences comparing pos-test
with pre-test results, PBL students in both engineering and the applied sciences
demonstrated significant gains in creative abilities.
Amabile (1996) proposes that creativity involves three major components are
specifically, domain relevant skills, task motivation, and they are regarded as factors
essential to the production of creative responses and work, which are positively
related to Problem Based Learning.
Stenberg and Lubart (1995) also adopt a confluence approach that relates specific
aspects of intelligence, knowledge, thinking styles , creativity and problem solving.
Guilford in (1988) emphasis various facts of mental abilities that are linked to
creativity. These include divergent thinking, perceptual process, problem definition
and problem solving skills, insight skills, induction skills and the ability to form
associations and analogies.
Torrance (1986) studied the effectiveness of Problem Based Learning and creativity
revealed that creativity involves the analytical aspects of analysis, evaluation, problem
solving and decision making.
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METHODOLOGY
Research methodology is a way to systematically solve a research problem. It may be
understood as a science of studying how research is done scientifically.It involves the
systematic procedures by which the researcher starts from the initial identification of
the problem to its logical conclusion. They describe the various steps of the plan of
attack to be adopted in solving the research problem, such as the manner in which the
problem is formulated, the definition of terms, the choice of subjects for investigation,
the validation of data gathering tools, collection of data, analysis and interpretation of
data and the process of inferences and generalizations.

4.1 Method Adopted for the Study
The major aim of the study is to develop a Learning Package in Biology by
integrating the process and skills of Problem Based Learningat the secondary level
and to find out the effect of this package in enhancing science process skills and
scientific creativity in Biology of the secondary school students. So the current
research study was experimental in nature.
4.1.1

Design Selected

An experimental design provides the researcher an opportunity for the comparisons
required by the hypotheses of the experiment and enableshim to make a meaningful
interpretation of the results of the study with the help of statistical analysis of the data.
In this study, the Investigator has adopted the “Pre-test Post-test Non
equivalent group design”. This design provides control of when and to whom the
measurement is applied.
The present study utilized two groups, the group which was exposed to the
experimental treatment was the experimental group and the other which was exposed
to Activity Oriented Method was the control group and this permitted the comparison
for the scientific investigation. The Investigator in the present study made use of two
non - equivalent intact classroom groups, one experimental group and one control
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group. To compensate for the lack of equivalency between two groups, the
Investigator has applied the technique of Analysis of Co-variance.
Experimental group

O1

X

O2

O1O3 = Pre-test
O2O4=Post-test

Control Group

O3

C

O4

“X” is the experimental group which is instructed through Learning Package.
“C” is the control group which is instructed through Activity Oriented Method.
STANDARD VIII

EXPERIMENTAL GROUP

PRE-TEST

CONTROL GROUP

PRE-TEST

1TEST OF SCIENCE PROCESS SKILLS

1.TEST OF SCIENCE PROCESS SKILLS

2. TEST OF SCIENTIFIC CREATIVITY

2. TEST OF SCIENTIFIC CREATIVITY

LEARNING PACKAGE
BASED ON PROBLEM
BASED LEARNING

POST-TEST

ACTIVITY ORIENTED
METHOD OF INSTRUCTION

POST-TEST

1. TEST OF SCIENCE PROCESS SKILLS

1. TEST OF SCIENCE PROCESS SKILLS

A OF SCIENTIFIC CREATIVITY
2. TEST

2. TEST OF SCIENTIFIC CREATIVITY

Figure 4.1 Outline of the experimental procedure
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Sample Selected

The groups selected for the study were an experimental group and a control group
from secondary school Kerala State Syllabus, the Investigator adopted simple random
sampling technique for the selection of school. 2 divisions of standard VIII of
K.P.M.H.S.S Poothotta, Ernakulam district was selected in which one division as
experimental group and the other as control group. The final sample consisted of 80
students,40 each from experimental and control groups.
Population
Secondary school students of Kerala
District selected
Ernakulam
School selected
K.P.M.H.S.S
Poothotta
Class selected
Standard VIII
Exptal
Group

Control
Group

PRE-TEST
Learning
Package

Activity Oriented
Method

POST-TEST
Figure 4.2Diagramatic representation of Sample selected for the study
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Variables in the Experiment

Variables are the conditions or characteristics that the experimenter manipulates,
controls or observes. A variable is some aspect of a testing condition that can change
or take on different characteristics with different conditions
Independent Variable
“The independent variables are the conditions or characteristics that the experimenter
manipulates or controls in his/her attempt to ascertain their relationship to observed
phenomena” (Best, 2007). In the present study the method of treatment is the
independent variable. Instruction through Learning Package based on Problem Based
Learning and Activity Oriented Method of Instruction” were the two strategies of
independent variables selected for the study.
Dependent Variable
“The dependent variables are the conditions or characteristics that appear, disappear
or change as the experimenter introduces, removes or changes independent variables
(Best, 2007). In this study the dependent variables selected were,


Science process skills



Scientific creativity
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VARIABLES
INDEPENDENT VARIABLES

DEPENDENTVARIABLES

Learning Package bsed on
Problem Based Learning

Science Process Skills

Activity Oriented Method
of Instruction

Scientific Creativity

Figure 4.3Variables for the study

4.1.4 Materials and Tools used in the study
For the purpose of the present study, the Investigator prepared the following materials
and tools.


Learning Package based on Problem Based Learning



Test of Science Process Skills



Test of scientific creativity.



Lesson transcripts and learning materials based on Activity Oriented Method

4.2 Description of Materials and Tools
4.2.1

Learning Package based on Problem Based Learning

One of the emanating new methods in teaching learning today is the self learning
packages wherein teacher intervention is very minimal or limited. This style of
teaching and learning is student centered since the student has to learn everything in
the package by his own effort and pace. This method deviates from the traditional
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classroom situation wherein a teacher presents the lessons and the students learn the
concepts presented.
This situation creates an interest in the researcher to study how can we make a
learner self regulated in learning through learning packages and to measure the
relative effectiveness of these packages in learning concepts in Biology. This has
persuaded the Investigator to think along the lines of Problem Solving, and In the
present study the Investigator has made an attempt to integrate the components or
strategies of Problem Based Learning in the preparation of a Learning Package in
Biology for secondary school students.
Learning packages are self contained learning units that appeal to students
who learn slowly or whose learning style characteristics respond to this method. Pre
test , Post test , information to be learned, learning activities, colourful pictures,
motivating choices, selection of when, where, how and the freedom to move about,
make the learning package an effective instructional strategy for many students (Dunn
& Dunn, 1996).
Since the main objective of the study was to prepare a Learning Package based
on Problem Based Learning in secondary school Biology the Investigator tried to
integrate the components and skills of problem solving in the preparation of the
learning package. Even though the prepared package is a teacher assisted learning
package, the teacher intervention is very minimal, because the Investigator sincerely
wishes to make the students self regulated in learning and at the same time make the
biology concepts very much clearer to them.
After careful observation and analysis the topics: “Cell clusters” from the
stdVIIIBiologywas selected for the preparation of the package. The construction of
the learning package was a very challenging, highly dynamic and time consuming
exercise.
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 Phase I

: Preparation phase

 Phase II

: Construction phase

 Phase III

: Evaluation of the initial draft

 Phase IV

: Modification of the steps

 Phase V

: Pilot study

 Phase VI

: Revision & finalization

Area Selected
Based on the Biology syllabus at secondary level the Investigator decided the

specific areas to be included in the learning package. Suggestions from experts in the
field were also sought in this regard.
Step I Preparation of the lesson units
The selected topics have beenbroken down into ‘7’ meaningful lesson units
under 2 main blocks .The

prepared lesson units consists of a title, general

introduction, key concepts, the objectives to be achieved, learning materials, learning
process or exercises on Problem solving, summary, self evaluation questions to check
the attainment of Science Process skills, Questions to evaluate the attainment of the
content. The two main blocks of the package and included lesson units prepared by
the Investigator were :

Block I

Block II

Tissue and Tissue formation

Animal tissues and Plant tissues

Lesson units:3

Lesson units: 4
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(i)

Tissues- Cell clusters

(i)

Animal Tissues

(ii)

Diversity among cells

(ii)

Meristamatic tissues

(iii)

Stem cells- significance

(iii)

Plant tissues

(iv)

Level of organization

A learning package should include pre-requisite test, content or information to be
learned and post test. In addition to this the Investigator has in corporate objectives to
be realized and task analysis also in the package.Thus the package totally includes
prerequisites and objectives which are incorporated in the Introductory phase, and
information to be learned and strategies of Problem Solving which are incorporated in
both the self learning phase and reciprocal phase, and a post test which is incorporated
in Evaluation phase.
So the format of the prepared learning package is as follows,

PHASE- I



presentation of the Problem



Checking previous knowledge



Analysis of result



Participant learns individually the different

INTRODUCTORY PHASE

PHASE- II

aspects of the content using different strategies

SELF LEARNING PHASE

of PBL
List out
Note making
Self questioning
Discussion
Brainstorming
Writing samples
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PHASE- III



Learner interacts with each other



Learner interacts with teacher through brain
storming/discussion

RECIPROCAL PHASE


Learner interacts with learning materials



Summarising the content

PHASE- IV



Test to check the attainment of the content

EVALUATION PHASE



Analysis of result



conclusion.

Figure 4.4Phases in the Preparation of Learning Package
In addition to the four phases of the package the Investigator has integrated the
following strategies of Problem Based Learning such as,
Identify outcomes


Group contracts



Slef/peer evaluation



Learning reflections



Writing samples

Design the scenario


Identify the embedded problem



Form small groups



Activate the group

Introduce the problem


Defining the problem



Allowing time to engage in
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Research


Small group brain storming sessions



Explore possible solutions



Formulating initial hypothesis



Test you solutions

Product performance


Collaborating presenting finding



Presenting research posters

Assessment


Evaluate products/performances



Writing reflections

By integrating the phases of the Learning Package and different strategies of Problem
Based Learning, the Investigator prepared a Learning Package in Biology fors tandard
VIII students.
Phase I - Introduction phase
In this session the Investigator created a problematic situation related to the content
and then checked previous knowledge to assess the entry behaviour of the students.
If the scores obtained were satisfactory, the participant could move on to the next
step.In the introduction phase the teacher helps the students to (a) set the target and
(b) to determine the appropriate learning task.
Phase II - Self learning phase
In this phase the students should go through the learning content and analyse
it carefully to fix (a) the time needed to master the content (b) availability of learning
materials suitable to the learning task (c) different strategies to be followed. The
individual learner can do mastery of learning task through the following operations.
 Define the problem carefully
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 Explore possible solutions
 Narrow your choices
 Test your solution
In this phase individuals can learn the task independently with the minimum
assistance of the teacher and learner can select the most appropriate strategies of
learning for the completion of the task such as mnemonics, outlining, diagramming,
listing out, note making, self questioning, discussion, labelling, using prompts and
debriefing thinking process.
Phase III - Reciprocal phase
During this phase the students interact with learning materials, with other learners,
under the guidance of the teacher/Investigator. Group discussion and Brain storming
strategies would be encouraged for finding solutions to overcome difficulties that
might arise while dealing with the complicated concepts. The learners are asked to
check their level of acquisition of the content and bytesting. If students come across
any errors, they are asked to rectify them on their own or by seeking help either from
peers orfrom the teacher.
Phase IV - Evaluation phase
In this phase, a post test is administered to check the acquisition of the content, as
well as the acquisition of Science process skills. If the scores obtained are
satisfactory, the participants would have to move on to the next unit in the package. If
not, he/she should return to the same unit for further practice.
Step- III: Details of Pre requisites
The introductory part of each lesson unit gives the essential pre-requisites for
learning the topic. This helps the learner to link the new knowledge with their
already existing knowledge in a better way.
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Step- IV: Learning Materials
The Investigator included appropriate learning materials within each unit of
the package for easy assimilation of the content such as:-









(v)

Colourful pictures
Diagrams
Textual content
Points to be remembered
Tables
Different reading materials
Activity cards

Student’s Response
A number of Questions are included at the end of the units in the

package,These are related to both Content and Science Process Skills. Students have
to answer them while proceeding with the lesson units. At the end of each lesson unit,
the students are asked to write the answers in their notebook for proper consolidation.
PHASE- III - Evaluation of the Initial Draft
The initial draft of the learning package was submitted to experts and
supervising teacher of the Investigator for evaluation. They suggested the following
modifications to make it more apt and interesting to students.
(i)

Provide more strategies or activities which are related to life situations

(ii)

Provide more hints/clues with regard to content.

(iii)

Provide more learning materials appropriate to the content such as reading

materials, pictures and diagrams .
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PHASE- IV- Modification of the steps
Necessary corrections and modifications were made according to the suggestions and
recommendations of experts.
PHASE- V - Pilot study
The modified package was administered to an initial sample of 30 students. By
analyzing the response of the pupils, certain modifications were again made.
PHASE- VI- Revision & Finalization
The opinions from teachers and experts were taken as indices for ensuring the
validity of the learning package. The validity was again ensured by rectifying the
technical difficulties confronted at the time of try out and taking into account the
results of pilot testing. (The prepared package is given in Appendix)
4.2.2 Lesson Transcripts and Learning Materials based on Activity Oriented
Method of Instruction.
For comparing the effect of teaching through Learning Package based on Problem
Based Learning, Activity Oriented Method of Instruction was selected and the control
group was taught using this method. The lesson plans on the same topics on which
Problem Based Learning Package was prepared was selected for Activity Oriented
Method of Instruction.
Activity Oriented Method is a student centered approach in which students are taught
the objectives through discussion, observation, secondary data collection, drill and
practice, notes on the board and practice problems from the text.
4.3 Test of Science Process Skills
To measure the process skills of secondary school students the investigator has
prepared and standardized a test of science process skills. The main consideration in
the selection of process skills in science were as the following.
1. The process skills must be appropriate to VIII grade students of age group (1314) years.
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2. The process skills selected must be emphasized in the objectives of the
Biology curriculum followed by the 8th grade students of the selected
institution. By considering these two criteria investigator has prepared 30
questions related to the prepared package in Biology. By administrating the
initial draft, item analysis was done and finally 20 items were selected for the
final draft. Item analysis of the initial draft was given below.
Item analysis of the initial draft
Item
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

U

l

30
34
33
32
30
31
21
9
22
32
29
15
17
11
33
33
11
28
34
15
35
35
30
19
10
34
30
29
11
32

27
17
8
14
13
10
5
4
13
19
5
11
10
5
16
8
9
6
13
10
16
17
11
5
6
6
6
5
5
16

Difficulty
index(U+L/2N
0.4625
0.6375
0.512
0.575
0.5375
0.5125
0.325
0.162
0.4175
0.6375
0.425
0.325
0.3315
0.2
0.625
0.5125
0.225
0.425
0.5875
0.3125
0.6375
0.65
0.5123
0.3
0.237
0.5
0.45
0.425
0.2
0.6

Discriminating
Power
0.575
0.425
0.62
0.45
0.425
0.525
0.4
0.125
0.225
0.325
0.6
0.1
0.175
0.15
0.425
0.625
0.175
0.55
0.525
0.125
0.45
0.45
0.475
0.35
0.125
0.7
0.6
0.6
0.15
0.4

Selected/
Rejected
R
S
S
S
S
S
S
R
R
S
S
R
R
R
S
S
R
S
S
R
S
S
S
S
R
S
S
S
R
S
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Process wise distribution of items in final
Sl No.
1
2
3
4
5
6

Process Skill
Observing
Classfying
Analysing
Inferring
Predicting
Communicating

No.of items
7
4
5
2
1
1

The prepared test (Draft and Final) is given in Appendix
4.4 Test of scientific creativity
To measure the scientific creativity of secondary school students the investigator used
verbal test of scientific creativity which was prepared by Sharma and Shukla (2006).
The test of scientific creativity consists of 12 items which have been classified in to
four sub-tests namely (1) consequences Test (2) unusual uses Test (3) New
relationship Test (4) Just think why test.

The total item required to administer the

whole test of scientific creativity is one hour in addition to 20 minutes for general
instructions and practice items.
Time allotted to each activity is 15 minutes which should be strictly adhered to . The
students should be asked to give them responses on separate sheet of paper supplied to
them for each activity. The test isused to measure the components of scientific
creativity such as fluency, flexibility and originality.
Reliability and validity of the test: The coefficient of stability as on index of
reliability on various components of scientific creativity as well as on the whole test
has been estimated by test-retest method. This test has been validated against.Mehdi’s
Verbal Test of creative thinking.
Sl
No
1
2
3
4

Components of
scientific creativity
Fluency
Flexibility
Originality
Whole test

Coefficient
of stability
0.729
0.648
0.774
0.730
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All indices of reliability are fairly high which are indicative of high dependability and
great relevance.Interfactorcorrelation were also computed on indices of validity which
were found very high indicative dependability and relevance.
Indices of validity : Inter factor correlation
Parameter Fluency
Fluency
x
Flexibility
Originality

Flexibility Originality
0.9601
0.9161
x
0.9587
x

Whole text
0.9876
0.986
0.9880

The test is given in Appendix
4.5 Procedure Adopted
The experimental study was conducted to ascertain the relative effectiveness of
teaching through Learning Package based on Problem Based Learningand Activity
Oriented Method on science process skills and scientific creativity of secondary
school students. The data collection was carried out in the following phases.
1. Pre- test conducted
2. Learning by experimental and control groups
3. Post-test conducted
Pre-test conducted
The Investigator in the present study made use of one experimental group and control
group. Before starting the experiment, the Investigator administered the following
tools for pretest
i.

Test of Science Process Skills

ii.

Test of Scentific Creativity

The scores collected were subjected to statistical analysis.
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Learning by experimental and control group
i.

The Investigator adopted test of Science process skills and test of Science
creativity test and the same was used as both pre-test and post-test to measure
the performance of students before and after the experiment. The
experimental group was interacted with Learning Package prepared by the
Investigator and the control group was taught through existing Activity
Oriented Method of science teaching. The two groups were given equal
attention during the course of the experiment.

Post test conducted
i.

Immediately after the completion of teaching, the Investigator once again
administered the same Test of science process skills and Test of science
creativity to the two groups. The scores thus obtained were then analyzed by
using statistical techniques and the comparison of the groups was done to
ascertain the relative effectiveness of teaching through Learning Package
based on Problem Based Learning and existing Activity Oriented Method of
Instruction on Process skills and scientific creativity of secondary school
students

4.6 Statistical techniques used
To study the relative effectiveness of teaching through Learning Package
based on Problem Based Learning and existing Activity Oriented Method, the
Investigator compared the means of the post test scores of the students in the control
and experimental groups. In order to find out whether there was any significant
difference between the means of the post test scores of students in the two groups the
pre-test and post test scores of students in experimental and control groups were
subjected to the following statistical techniques.
“When it is impracticable or impossible to setup groups in which subjects have been
matched person to person, investigation often resort to the matching of groups in
terms of Mean and Standard Deviation” (Garret,1981)
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II.

Mean
Median

III.

Standard deviation

IV.

Skewness

V.

Kurtosis

VI.
VII.
VIII.
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Critical Ratio
Analysis of Variance
Analysis of Covariance.

The Investigator employed the following statistical techniques for the validation
process of the tools used in the study.
I.
II.

Pearson’s Product Moment Correlation
Cronbach’s Coefficient Alpha
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Chapter 5

ANALYSIS AND INTERPRETATION OF DATA
Summary of Different Analysis Carried Out
5.1

Comparison of ‘Science Process Skills’of Secondary School Students in
Experimental and Control Groups

5.2

Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on
enhancing Science Process Skills in Experimental and Control Groups

5.3

Comparison of ‘Scientific Creativity’ of Secondary School Students in
Experimental and Control Groups

5.4

Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on
‘Scientific Creativity’ of Secondary School Students in Experimental and
Control Groups

5.5

Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on different
factors of ‘Scientific Creativity’ such as Fluency, Flexibility and
Originality
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ANALYSIS AND INTERPRETATION OF DATA
Analysis of data means studying the organized materials in order to discover
the inherent facts. The data are studied from as many angles as possible to explore the
new facts (Koul, 1998). Statistical techniques have contributed greatly in gathering,
organizing, analyzing and interpreting numerical data. Inferential or sampling
statistics which are useful, is used because they enable the researcher to make
generalizations or inferences about populations from the observations of the
characteristics of samples.
Once the data has been collected and the analysis made, the researcher proceeds to the
stage of interpretation of the result. Interpretation is not a routine and mechanical
process. It is a careful, logical and critical examination of the results obtained after
analysis, keeping in view the limitations of the sample chosen, and the tools used in
the study. The purpose of analysis is to build up an intellectual model that explains the
relationship between different variables. The analyzed data is then synthesized in such
a way that hypotheses may be accepted or rejected.
The major objective of the study was to prepare a Learning Package in biology based
on Problem Based Learning and ascertain the relative effectiveness of this Package
with the Activity Oriented Method of Instruction on Science Process Skills of
secondary school students. In addition to this the Investigator intended to find out the
relative effectiveness of Learning Package in biology based on Problem Based
Learning in enhancing scientific creativity among secondary school students. Hence
the Investigator adopted experimental method with the Pre-test- Post-test Non
Equivalent Group Design where there was one Experimental group and one Control
group. The experimental group was taught through Learning Package based on
Problem Based Learning and the control group through Activity Oriented Method of
Instruction.
Two divisions of 8th standard students of K.P.M.H.S.S Poothotta, Ernakulam district
of Kerala were selected for the study. The final sample consisted of 80 students, 40
each from experimental and control groups.

Analysis and Interpretation of Data

57

The Investigator prepared a Learning Package in Biology by integrating the
components of Problem Based Learningand administered it to the experimental group
and the control group was taught through Activity Oriented Method of Instruction.
Before conducting the experiment the Investigator administered a Test of Science
Process Skill (prepared and standardized by the Investigator) and verbal Test of
Scientific Creativity (Sharma & Shukla, 2006) as pre-tests. After completing the
instruction the Investigator administered all the tests as post tests.The difference
between the pre and post test scores of experimental and control groups were
compared with the help of appropriate statistical techniques to ascertain the relative
effectiveness of Learning Package based on Problem Based Learningand Activity
Oriented Method of Instruction.
The data pertaining to the experimental and control groups were subjected to the
following statistical techniques
1. Classification and Tabulation of scores.
2. Calculation of measures of Central tendency, Dispersion, Skewness and
Kurtosis.
3. Test of significance of the difference between the means.
4. Analysis of variance.
5. Analysis of covariance

5.1

Summary of Analysis carried out
Different analysis carried out for the present study were,

1. Comparison of the effectiveness of Learning Package based on Problem Based
Learning and Activity Oriented Method of Instruction on “Science Process
skills among secondary school students”.
Experimental versus Control groups
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5.1 Comparison of Science Process Skills of Secondary School
Students in Experimental and Control Groups
To ascertain the relative effectiveness of Learning Package based on Problem
Based Learning over Activity Oriented Method of Instruction on the attainment of
Science Process skillsin secondary school students, the Investigator compared the
Science Process Skills of experimental and control groups. For this the mean pre test
scores, mean post-test scores and mean gain scores were computed before and after
the experiment and subjected to analysis of Critical Ratio.
Before experiment
The pre test scores of the experimental and control groups were classified then
the arithmetic means and standard deviations were calculated. The differences
between the mean score of the groups were tested for significance by finding the
Critical Ratio. The data and the results of the test of significance are given in the
Table 5.1.
Table 5.1
Data and Result of Test of significance of the Difference between the Mean Pretest scores of Experimental and Control Groups with respect to Science Process
Skills
No. of
students

Mean

Standard
Deviation

Critical
Ratio

Group

40

5.23

2.75

1.03

Control Group

40

4.62

2.60

Group

Level of
Significance

Experimental
P > 0.01

The Critical Ratio obtained (CR=1.03 P> 0.01) is not significant even at 0.01 level.
This showed that there was no significant difference between the means of the pre-test
scores of students in experimental and control groups. The above observation made it
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clear that the two groups did not differ significantly in their Science Process Skills
before the experiment. Thus it can be interpreted that before subjecting them to the
instructional strategies, the two groups were more or less equivalent with reference to
Science process Skills..
After the experiment
After the experiment, the level of Science Process Skills of the students in the
experimental and control groups were compared by testing the significance of
difference between the mean post-test scores of experimental and control groups.The
data and the results of the test of significance are given in the Table 5.2.
Table 5.2
Data and Result of Test of significance of the Difference between the Mean Posttest scores of Experimental and Control Groups with respect to Science Process
Skills
Group

No.of
students

Mean

Standared
Deviation

40

31.65

4.76

Critical
Ratio

Level of
Significance

15.76

P< 0.1

Experimental
Group

Control
group

40

15.82

4.23

The obtained value of Critical Ratio is highly significant (CR=15.76 ; P< 0.01).This
means that there is significant difference between the means of the post-test scores of
the students in experimental and control groups. Since the mean of the post-test scores
of the experimental group is greater than that of the control group, the students in the
experimental group is superior to the students in the control group in their Science
Process Skills. So then, it is inferred that Learning Package based on Problem Based
Learning is more effective than Activity Oriented Method of Instruction with respect
to the attainment of Science Process Skills.
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Comparison of Gain scores of pupils in Experimental and Control Groups
with respect to Science Process Skills
The difference in the post-test and pre-test scores of students in the two groups were
calculated. The gain scores thus obtained were classified and then the mean and
standard deviation were calculated. The difference between the mean scores were
found out and tested for significance. The data and results of test of significance are
given in the Table 5.3
Table 5.3
Data and Result of Test of Significance of the Difference between the Mean Gain
Scores of Experimental and Control Groups with respect to Science Process
Skills

Group

No.of
students

Mean

Standard
Deviation

Experimental

40

26.42

5.03

Critical
Ratio

Level of
Significance

Group
14.22

Control

40

11.20

P< 0.01

4.6

group

The obtained value of Critical Ratio (CR = 14.22; P < 0.01) is significant even at 0.01
level. This significant difference between the means of gain scores of students in
experimental and control groups shows that the two groups differ significantly in their
level of Science Process skills.
Since experimental and control groups selected for the present study were
intact class room groups which were not equated for intelligence, socio-economic
status etc of the students, it is only tentatively interpreted that Learning Package based
on Problem Based Learning is more effective than Activity Oriented method of
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The details of comparison of pre-test, post-test and gain scores of

students in experimental and control groups are shown in figure 5.1.
35

31.65

30

26.42

25
20

15.82

15
10
5

11.2
5.23 4.62

0
Pre test scores

Post test
scores

Gain Scores

Experimental group

Control group

Figure 5.1 The Comparison of the Pre-test, Post-test and Gain scores of
students in Experimental and Control Groups with respect to Science
Process Skills

5.2 Comparison of the Effectiveness of Learning Package based on
Problem Based Learning and Activity Oriented Method of
Instruction on Science Process Skills in Experimental
and Control Groups
To compare the effectiveness of Learning Package based on Problem Based Learning
and Activity Oriented Method of Instruction on enhancing Science ProcessSkills of
Secondary school students, the pre-test and post-test scores of the experimental and
control groups were subjected to the analysis of covariance. The summary of analysis
of variance of ‘X ‘ (pre-test) and ‘Y’ (post-test) scores of students in experimental and
control groups taken separately is given in Table 5.4
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Table 5.4
Summary of Analysis of Variance of ‘X’ (Pre-test) and ‘Y’ (Post-test) scores of
students in Experimental and Control Groups with respect to Science Process
Skills, taken separately

Source of variance

df

SSx

SSY

MSX (VX )

MSY (VY )

Among Group Mean

1

11.73

135.39

11.63

116.15

Within Group Mean

78

120.05

362.19

6.38

3.02

Total

79

131.78

497.58

Fx=
Fy=

ଵଵ.ଷ
.ଷ଼

ଵଵ.ଵହ
ଷ.ଶ

=1.84
=38.46

From table of Fratio, d for
F at 0.05 level = 3.89

ଵ

଼

F at 0.01 level = 6.76
The obtained Fxand Fyratios were tested for significance. The table value of F Ratio
ଵ

for df଼is 3.89 at 0.05 level. So the obtained Fxis not significant even at 0.05 level

(Fx= 1.84 ; P<0.05) . Since the F test applied to the initial score (X), Fxfalls far short
of significance at 0.05 level, it is clear that the means do not differ significantly.
The table value of Fratio for df 1/86 is 6.76 at 0.01 level. So the obtained Fyvalue is
highly significant (Fy= 38.46 ; P<0.01 ). So it can be concluded that there is
significant difference between the post-test scores of two groups.
Analysis of covariance
The analysis of covariance of the scores of the pre-test and post-test of the
experimental andcontrol groups were computed. The data are presented in Table 5.5
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Table 5.5
Summary of Analysis of Covariance of ‘X’ (Pre-test) and ‘Y’ (Post-test) scores of
students in Experimental and Control Groups with respect to Science Process
Skills, taken separately
Source of
variance
Among Group

df

SSx

SSY

SSXY

SSYX

MSY(VY )

1

11.73

135.39

391.28

632.60

632.60

Mean

77

120.05

362.19

462.46

276.02

34.951

Total

78

131.78

497.58

71.18

908.62

Mean
Within Group

ଷଶ.

Fyx = ଷସ.ଽହ = 18.10

ଵ

From table of Fratio = df଼for
F at 0.05 level = 3.89
F at 0.01 level = 6.76
Since the table value of F ratio for 1/85 is 6.67 at 0.01 level of significant (Fyx= 18.10
; P < 0.01) . The significant Fyxratio also shows that the means of the post test scores
of students in the experimental and control groups have significant difference. The
significant Fyxratio also shows that the means of the post test scores of students in the
experimental and control groups differ significantly

even after they have been

adjusted for difference in the pre-test scores. So it can be interpreted that the Learning
Package based on Problem Based Learning has greater effect on enhancing the level
of Science Process Skills among students than Activity Oriented Method of
Instruction.
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Comparison of Adjusted ‘Y’ means
The adjusted means of the post-test scores (Y means) of students in the
experimental and control groups were computed and the difference between the
adjusted ‘Y’ means was tested for significance. The data for adjusted means of post
test scores of students in experimental and control groups taken separately is given in
Table 5.6.
Table 5.6
Data for Adjusted ‘Y’ means of Post test scores of students in Experimental and
Control Groups with respect to Science Process Skills taken, separately
Group

N

MX

MY

Experimental group

40

5.13

31.21

Adjusted ‘Y’ mean
MYX
31.22

Control group

40

4.62

15.36

14.52

General means

40

4.64

22.87

SEM =0.561
‘t’ = 16.8
Table value of ‘t’
t at 0.05 level = 1.97
t at 0.01 level = 2.60
The table value of ‘t’ is 1.97 at 0.05 level and 2.60 at 0.01 level. The calculated t
value 16.8 is significant at 0.01 level. The significantly greater adjusted ‘Y’ mean of
the experimental group than the control group indicates that experimental group is
superior to control group on the attainment of science process skills. It may therefore
be interpreted that the students taught through Learning Package based on Problem
Based Learning have acquired more Science Process Skills than those taught through
Activity Oriented Method of Instruction.
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From the analysis of the pretest and post test scores of students in experimental and
control groups, by using the statistical technique of analysis of covariance it becomes
apparent that the Learning Package based on Problem Based Learningis more
effective than Activity Oriented Method of Instruction on enhancing the level of
Science Process Skills of secondary school students.

5.3 Comparison of ‘Scientific Creativity of Secondary School
Students in Experimental and Control Groups
In order to find out whether there is any significant difference in ‘scientific creativity’
in experimental and control groups, firstly the Investigator compared the pre-test
scores of both groups. Then after the experiment post test scores and gain scores were
calculated and subjected to analysis of Critical Ratio.
Before Experiment
The pre-test scores of the experimental and control groups were classified and then
the arithmetic means and standard deviations were calculated. The differences
between the mean scores of the two groups were tested for significance by finding the
Critical Ratio. The data and the results of the test of significance are given in the
Table 5.7
Table 5.7
Data and Result of the Test of Significance of the Difference between Mean Pre
test scores of Experimental and Control Groups with respect to ‘Scientific
Creativity’
Group

No. of

Mean

students
Experimental

40

11.70

Standard

Critical

Level of

deviation

Ratio

significance

1.296

P > 0.05

3.81

Group
40
Control
Group

10.63

3.54
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The Critical Ratio obtained (CR = 1.296 P>0.05) is not significant even at 0.05 level.
This showed that there is no significant difference between the means of pre-test
scores of students in experimental and control groups. From the above observation it
is clear that two groups did not differ significantly in their ‘scientific creativity’
before the experiment. Thus it can be inferred that before the experiment the two
groups were more or less same in their ‘scientific creativity’
After the Experiment
After conducting the experiment on‘scientific creativity’among students of
experimental and control groups, the results were compared by testing the
significance of difference between the means of the post-test scores of the two groups.
The data and result of the significance are given in Table 5.8.
Table 5.8
Data and Result of Test of significance of Difference between the Mean Post –test
scores of Experimental and Control Groups with respect to ‘scientific creativity’
Group

No. of

Mean

students
Experimental

40

28.23

Standard

Critical

Levelof

deviation

Ratio

significance

4.65

Group

16.20

P < 0.01

40
Control Group

13.58

3.34

The obtained value of Critical Ratio is highly significant (CR = 16.20; P<0.01). This
means that there is significant difference in the means of the post-test scores of the
students in experimental and control groups. Since the mean of the post test scores of
the experimental group is greater than that of the control group, the students in the
experimental group is superior to the students in the control group in their ‘scientific
creativity’.
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Comparison of Gain Scores
The data and results of the test of significance of gain scores given in the Table 5.9.
Table 5.9
Data and Result of Test of Significance of the Difference between the Mean Gain
Scores of Experimental and Control Groups with respect to ‘scientific creativity’

Group

No. of

Mean

students

Experimental
Group
Control
Group

40

Standard

Critical

Level of

deviation

Ratio

significance

16.30

P< 0.01

16.53

40

4.21

2.95

3.18

The obtained value of Critical Ratio (CR = 16.30; P < 0.1) is significant even at 0.01
level. This significant difference between the means of gain scores of students in
experimental and control groups shows that the two groups differ significantly in their
interest in science.
The details of comparison of pre-test, post-test and gain scores of students in
experimental and control groups are shown in Figure 5.2 .
28.23

30
25
20
15

16.53
11.7 10.63

13.58

10
2.95

5
0
Pre test scores

Post test scores

Gain Scores

Experimental group

Control group

Figure 5.2. The Comparison of the Pre-test, Post test and Gain scores of students
in Experimental and Control Groups with respect to ‘scientific creativity’
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5.4 Comparison of the Effectiveness of Learning Package based on
Problem Based Learning and Activity Oriented Method of
Instruction on scientific creativity of Experimental and Control
Groups
To compare the effectiveness of Learning Package based on Problem Based Learning
and Activity Oriented Method of Instruction on ‘Scientific Crteativity’ of secondary
school students the pre-test and post-test scores of the experimental and control
groups were subjected to analysis of covariance. The summary of analysis of variance
of ‘X’ (pre-test) and ‘Y’ (post-test) scores of students in experimental and control
groups taken separately is given in Table 5.10.
Table 5.10
Summary of Analysis of Variance of ‘X’ ( Pre-test) and ‘Y’ (Post-test) scores of
students in Experimental and Control Groups with respect to scientific
creativity’, taken separately
Source of
variance

df

SSX

SSY

MSX (VX)

MSY (VY)

1

12.96

137.5

12.96

137.5

78

128.79

341.7

6.24

3.54

79

141.75

479.2

Among Group
Mean
Within Group
Mean
Total

Fx= 12.96
6.24

Fy = 137.5

3.54

= 2.07
= 38.84

From table of F ratio, d for 1/86
F at 0.05 level = 3.89
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F at 0.01 level = 6.76
The obtained FxanfFy ratios were tested for significance. The table value of F ratio for
df 1/86 is 3.89 at 0.05 level. So the obtained Fx is not significant even at 0.05 level,
(Fx= 2.07; P>0.05). Since the F test applied to the initial score (X),Fx falls far short of
significance at 0.05 level, it is clear that the means do not differ significantly.
The table value of F ratio for df 1/86 is 6.76 at 0.01 level. So the obtained Fy value is
highly significant (Fy = 38.84; P<0.01). So it can be concluded that there is significant
difference between the post-test scores of the two groups.
Analysis of Covariance
The analysis of the covariance of the scores of the pre-test and post-test of the
experimental and control groups were computed. The data are presented in Table 5.11
Table 5.11
Summary of Analysis of Covariance of ‘X’ (Pre-test) and ‘Y’ (post-test) scores of
students in Experimental and Control Groups with respect to scientific
creativity, taken separately
Source of

df

SSx

SSY

SSXY

SSYX

MSY(VY)

12.96

137.5

169.56

618.90

618.90

341.7

268.06
288.02

8.39

SDYx

variance
Among
Group Mean

1

Within
Group Mean

78

128.79
141.75

Total

Fyx =

79

9280.90
= 73.76
8.93
ଵ

From table of F ratio= df଼ହfor
F at 0.05 level = 3.89

479.2

98.5

330.88

2.99
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F at 0.01 level = 6.76
ଵ

Since the table value of F ratio for଼ହis 6.76 at 0.01 level of significance, the obtained
Fyx ratio is highly significant. (Fyx = 73.76; P < 0.01). The significant Fyx ratio shows
that the means of the post-test scores of students in the experimental and control
groups have significant difference. The significant Fyx ratio also shows that the means
of the post-test scores of the students in the experimental and control groups differ
significantly even after they have been adjusted for difference in the pre-test scores.
The ‘scientific creativity’of students who were taught through Learning Package
based on Problem Based Learning is significantly higher than those taught through
Activity Oriented Method of Instruction.
Comparison of Adjusted ‘Y’ Means
The adjusted means of the post-test scores (Y means) of students in the experimental
and control groups were computed and the difference between the adjusted ‘Y’ means
was tested for significance.The data for adjusted means of post-test scores of students
in experimental and control groups taken separately is given in Table 5.12.
Table 5.12
Data for Adjusted ‘Y’ Means of Post-test scores of students in Experimental and
Control Groups with respect to ‘Scientific Creativity, taken separately.
Adjusted ‘Y’ mean
Group

N

MX

MY

MYX

Experimental group

40

12.71

27.6

27.93

Control group

40

11.89

13.06

13.14

General means

40

12.30

20.94

SEM = 0.43
‘t’ = 31.23
Table value of ‘t’
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T at 0.05 level = 1.97
T at 0.01 level = 2.60
The table value ‘t’ is 1.97 at 0.05 level and 2.60 at 0.01 level. The calculated ‘t’ value
(31.23) is significant at 0.01 level. The significantly greater adjusted ‘Y’ means of the
experimental group than the control group indicates the students taught through
Learning Package based onProblem Based Learning has greater Scientific Creativity
than those taught through Activity Oriented Method of Instruction.
From the analysis of covariance of ‘Scientific Creativity’of students in experimental
and control groups it can be interpreted that the ‘scientific creativity’of students
taught through Learning Package based on Problem Based Learning is significantly
higher than those taught through Activity Oriented Method of Instruction.
5.5 Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on different factors
of Scientific creativity such as Fluency, flexibility and originality.
5.5.1 Fluency
To compare the effectiveness of Learning Package based on Problem Based Learning
and Activity Oriented Method of Instruction on scientific creativity of secondary
school students with respect to fluency, the pre-test, post-test and gain scores of the
experimental and control groups were subjected to analysis of Critical Ratio.
Before Experiment
Before starting the experiment, Scientific creativity of students in experimental group
was compared with the creativity of students in the control group with respect to the
factor fluency. Data and result of test of significance are given in Table - 5.13.
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Table 5.13
Data and Result of Test of Significance of the Difference between the Mean Pretest scores of Experimental and Control Groups with respect to Fluency of
Scientific Creativity

Group
Experimental
Group
Control
Group

No. of
Students
40

40

Mean

4.38

4.14

Standard

Critical

Level of

Deviation

Ratio

Significance

.857

P > 0.01

1.02

1.58

The Critical Ratio obtained (CR = .857, P > 0.01) is not significant at 0.01 level. This
showed that there was no significant difference between the means of the Pre-test
scores of students in experimental and control groups with respect to Fluency. The
above observation made it clear that the two groups did not differ significantly in their
scientific creativity with respect to the factor Fluency before the experiment. Thus it
can be interpreted that before subjecting to the instructional strategies, the two groups
were more or less equivalent regarding the previous knowledge.
After the experiment
After the experiment, the scientific creativityof the students in the experimental and
control groups with respect to the facrorFluency were compared by testing the
significance of difference between the means of the post test scores of the two groups.
The data and result of significance are given in Table 5.14.
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Table 5.14
Data and Result of Test of Significance of the Difference between the Mean Posttest scores of Experimental and Control Groups with respect to Fluency of
‘Scientific Creativity’

Group

No.of
Students

Experimental 40
Group
Control

40

Group

Mean

10.18

4.63

Standard

Critical

Level of

Deviation

Ratio

Significance

11.1

P < 0.01

1.52

2.78

The obtained value of Critical Ratio is highly significant (CR = 11.1, P < 0.01), this
means that there is significant difference between the means of the post-test scores of
the students in experimental and control groups with respect to Fluency. Since the
mean of the post-test scores of the experimental group is greater than that of the
control group, the students in the experimental group is superior to control group on
scientific creativity with regard to Fluency. So it can be interpreted that, Learning
Package based on Problem Based Learning has greater effect on the factor Fluency of
scientific creativitythan Activity Oriented Method of Instruction.
Gain in Achievement
The gain in achievement of students in both groups was compared by testing the
significance of the difference between the means of the gain scores of the two groups.
For this Critical Ratio was found out and tested for significance.
The data and result of the test of significance are given in Table 5.15.
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Table 5.15
Data and Result of Test of Significance of the Difference between the Mean Gain
scores of Experimental and Control Groups with respect to Fluency of Scientific
Creativity

Group

Mean

Experimental

Standard

Critical

Level of

Deviation

Ratio

Significance

14.62

P < 0.01

5.80

Group
Control Group

1.76

0.49

1.48

The obtained value of Critical Ratio (CR = 14.62, P < 0.01) is significant at 0.01
level. This significant difference between the mean gain scores of students in
experimental and control groups shows that the two groups differ significantly in
Fluency. The higher gain scores of the experimental group when compared to control
group indicate that the experimental group is superior to the control group on Fluency
of scientific creativity. So it can be tentatively interpreted that Learning Package
based on Problem Based Learning has greater influence on Fluency of scientific
creativity. The details of comparison of Pre-test, Post-test and Gain scores of students
in experimental and control groups with respect to Fluency are shown inFigure 5.3.
12

10.18

10
8
6
4

4.38 4.14

4.63

5.8

2

0.49

0
Pre test scores

Post test scores

Gain Scores

Experimental group

Control group

Figure 5.3
The Comparison of the Pre-test, Post test and Gain scores of Experimental and
Control Groups with respect to Fluency of Scientific Creativity
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5.5.2 Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on Flexibility of
Scientific creativity of Secondary School Students
To compare the effectiveness of Learning Package based on Problem Based Learning
and Activity Oriented Method of Instruction on scientific creativity of secondary
school students with respect to Flexibility, the pre-test, post-test and gain scores of the
experimental and control groups were subjected to analysis of Critical Ratio.
Before Experiment
Before starting the experiment, the scientific creativityof students in experimental
group was compared with the scientific creativityof students in the control group with
respect to the factor Flexibility. Data and result of test of significance are given in
Table 5.16.
Table 5.16
Data and Result of Test of Significance of the Difference between the Mean Pretest scores of Experimental and Control Groups with respect to Flexibility of
Scientific Creativity

Group
Experimental
Group
Control Group

Mean

1.78
1.64

Standard

Critical

Level of

Deviation

Ratio

Significance

.786

P > 0.01

.811
0.79

The Critical Ratio obtained (CR = .786, P > 0.01) is not significant at 0.01 level. This
showed that there was no significant difference between the means of the Pre-test
scores of students in experimental and control groups with respect to the factor
Flexibility. Thus it can be interpreted that before subjecting them to the instructional
strategies, the two groups were more or less equivalent with reference to Flexibiity
factor of creativity.
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After the experiment
After the experiment, the scores of the students in the experimental and control groups
with respect to Flexibility of Scientific Creativity were compared by testing the
significance of difference between the means of the post test scores of the two groups.
The data and result of significance are given in Table 5.17
Table 5.17
Data and Result of Test of Significance of the Difference between the Mean Posttest scores of Experimental and Control Groups with respect to Flexibility of
Scientific Creativity.

Group
Experimental
Group
Control Group

Mean

5.68
2.12

Standard

Critical

Level of

Deviation

Ratio

Significance

6.358

P < 0.01

2.63
2.19

The obtained value of Critical Ratio is highly significant (CR = 6.358, P < 0.01), this
means that there is significant difference between the means of the post-test scores of
the students in experimental and control groups with respect to Flexibility. Since the
mean of the post-test scores of the experimental group is greater than that of the
control group, the students in the experimental group is superior to the students in the
control group on Flexibility of Scientific creativity. So it can be interpreted that,
Learning Package based on Problem Based Learning has greater effect on the
Flexibility of Scientific creativity than Activity Oriented Method of Instruction.
Gain in Achievement
The gain in achievement of students in both groups was compared by testing the
significance of the difference between the means of the gain scores of the two groups.
For this Critical Ratio was found out and tested for significance.
The data and result of the test of significance are given in Table 5.18
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Table 5.18.
Data and Result of Test of Significance of the Difference between the Mean Gain
scores of Experimental and Control Groups with respect to Flexibility of
Scientific Creativity

Group

Mean

Experimental

Standard

Critical

Level of

Deviation

Ratio

Significance

7.589

P < 0.01

3.84

Group
Control Group

2.60

0.48

1.05

The obtained value of Critical Ratio (CR = 7.59, P < 0.01) is significant at 0.01 level.
This significant difference between the mean gain scores of students in experimental
and control groups shows that the two groups differ significantly in their Scientific
Creativitywith respect to the Factor Flexibility. The higher gain scores of the
experimental group when compared to control group indicate that the experimental
group is superior to the control group on Flexibility of scientific creativity. So it can
be tentatively interpreted that Learning Package based on Problem Based Learning
has greater effect on Flexibility of scientific creativity. The details of comparison of
Pre-test, Post-test and Gain scores of students in experimental and control groups with
respect to Flexibility of scientific creativity are shown in Figure 5.4.
5.68
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3.84
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1.78 1.64

2.12
0.48
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0
Pre test scores

Post test scores

Gain Scores
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Control group

Figure 5.4 The Comparison of the Pre-test, Post test, Gain scores of students in
Experimental and Control Groups with respect to Flexibility of scientific
creativity
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5.5.3 Comparison of the Effectiveness of Learning Package based on Problem
Based Learning and Activity Oriented Method of Instruction on Originality of
scientific creativity of Secondary School Students.
To compare the effectiveness of Learning Package based on Problem Based learning
and Activity Oriented Method of Instruction on scientific creativityof secondary
school students with respect to Originality, the pre-test, post-test and gain scores of
the experimental and control groups were subjected to analysis of Critical Ratio.
Before Experiment
Before starting the experiment, the originality of scientific creativityin experimental
group was compared with that of students in the control group. Data and result of test
of significance are given in Table 5.19.
Table 5.19
Data and Result of Test of Significance of the Difference between the Mean Pretest scores of Experimental and Control Groups with respect to Originality of
Scientific Creativity

Group

Mean

Standard

Critical

Level of

Deviation

Ratio

Significance

.933

P > 0.01

Experimental Group

1.62

0.64

Control Group

1.48

1.1

The Critical Ratio obtained (CR = .933, P > 0.01) is not significant at 0.01 level. This
showed that there was no significant difference between the means of the Pre-test
scores of students in experimental and control groups with respect to Originality of
scientific creativity. Thus it can be interpreted that before subjecting them to the
instructional strategies, the two groups were more or less equivalent with reference to
the Originality of scientific creativity.
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After the experiment
After the experiment, the post test scores of students in the experimental and control
groups with respect to Originality were compared by testing the significance of
difference between the means of the post test scores of the two groups. The data and
result of significance are given in Table 5.20.
Table 5.20
Data and Result of Test of Significance of the Difference between the Mean Posttest scores of Experimental and Control Groups with respect to Originality
Scientific Creativity
Group
Experimental Group
Control Group

Mean

Standard
Deviation

3.44

1.38

1.69

Critical
Ratio

Level of
Significance

6.628

P < 0.01

1.26

The obtained value of Critical Ratio is highly significant (CR = 6.628, P < 0.01). This
means that there is significant difference between the means of the post-test scores of
the students in experimental and control groups with respect to Originality of
scientific creativity. Since the mean of the post-test scores of the experimental group
is greater than that of the control group, on Originality of scientific creativity. So it
can be interpreted that, Learning Package based on Problem Based Learning has
greater effect on originality of scientific creativity over Acitvity Oriented Method of
Instruction.
Gain in Achievement
The gain in achievement of students in both groups was compared by testing the
significance of the difference between the means of the gain scores of the two groups.
For this Critical Ratio was found out and tested for significance.
The data and result of the test of significance are given in Table 5.21.
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Table 5.21
Data and Result of Test of Significance of the Difference between the Mean Gain
scores of Experimental and Control Groups with respect to Originality of
Scientific Creativity

Group

Mean

Experimental

Standard

Critical

Level of

Deviation

Ratio

Significance

4.984

P < 0.01

1.82

Group
Control Group

1.64

0.21

1.23

The obtained value of Critical Ratio (CR = 4.984, P < 0.01) is significant at 0.01
level. This significant difference between the mean gain scores of students in
experimental and control groups shows that the two groups differ significantly in their
scientific creativity with respect to Originality.The higher Gain Scores of the
experimental group when compared to control group indicate that the experimental
group is superior to the control group on Originality of scientific creativity. So it can
be tentatively interpreted that Learning Package based on Problem Based Learning.
The details of comparison of Pre-test, Post-test and Gain scores of students in
experimental and control groups with respect to Originality of scientific craetivity are
shown in Figure 5.5.
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Figure 5.5 The Comparison of Pre-test, Post test, Gain scores of students in
Experimental and Control Groups with .respect to Originality of scientific
creativity
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SUMMARY, CONCLUSIONS AND SUGGESTIONS
This chapter gives a brief summary of the study in retrospect which includes
statement of the problem, objectives of the study, hypotheses framed for the study ,
methodology, variables in the study, tools used, procedure of data collection and the
statistical techniques used. In the light of analysis and interpretation of data,
conclusions and generalizations have been formulated. The major part of this chapter
deals with the conclusions drawn out of the analysis.

6.1

The study in Retrospect
In the present study the Investigator has made an attempt to ascertain

the relative effectiveness of Learning Package based on Problem Based Learningand
Activity Oriented Method of Instruction on enhancing Science ProcessSkills and
Scientific Creativity of secondary school students.
Objectives of the study
1. To prepare and validate a learning package in biology based on Problem
Based Learning.
2. To compare the effectiveness of instruction using Learning package based on
Problem Based Learning with the existing Activity Oriented Method of
instruction on Science Process Skills among secondary school students.
3. To compare the effectiveness of instruction using Leaning package based on
Problem Based Learning with the existing Activity Oriented Method of
Instruction on Scientific Creativity of secondary school students.
4. To compare the effectiveness of instruction using Learning package based on
Problem Based Learning with the existing Activity Oriented Method of
Instruction on different factors of Scientific Creativity such as Fluency,
Flexibility and Originality of secondary school students.
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Hypotheses of the study
1. The attainment of Science Process Skills of secondary school students taught
through Learning Package based on Problem Based Learning in significantly
higher than those taught through the existing activity oriented method.
2. The scientific Creativity of secondary school students taught through Learning
Package based on Problem Based Learning is significantly greater than those
taught through the existing Activity Oriented Method of instruction.
3. The Scientific Creativity of secondary school students taught through
Learning Package based on Problem Based Learning is significantly higher
than those taught through the existing Activity oriented method with respect to
Fluency.
4. The Scientific Creativity of secondary school students taught through
Learning Package based on Problem Based Learning is significantly higher
than those taught through the existing Activity oriented method with respect to
Flexibility.
5. The Scientific Creativity of secondary school students taught through
Learning Package based on Problem Based Learning is significantly higher
than those taught through the existing Activity oriented method with respect to
Originality.
Methodology in brief
The Investigator intended to develop and validate a Learning Package
in biology based on Problem Based Learning at secondary level and tried to find out
its relative effectiveness with Activity Oriented Method of Instruction on enhancing
Science Process Skills and Scientific Creativity. The study was conducted in the Pretest, Post-test Non-equivalent Group Design, where there were one experimental
group and one control group. The experimental group was taught through Learning
Package based on Problem Based Learning and the control group through Activity
Oriented Method of Instruction. To compensate for the lack of equivalence among the
groups, the technique of Analysis of covariance was applied (ANCOVA).
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For the preparation of the learning package the Investigator selected suitable topics
from standard VIII Biology textbook. Two divisions of standardVIII students of
KPMHSS Poothotta, of Ernakulum district was selected. Thus the sample of the
present study consisted of 80 students which 40 each were in experimental and
control groups.
For the purpose of the present study the Investigator prepared the following
materials and tools.
1. Learning package in Biology based on Problem Based Learning
2. Lesson transcripts and learning materials based on Activity Oriented Method
3. Teast of Science Process Skills
4. Test of Scientific Creativity
For finding out the effect of Learning Package based on Problem Based Learning
Investigator adopted the following procedure. To find out the effect of Learning
Package based on Problem Based Learning in enhancing Science Process Skills, a
Test of Science Process Skills was administered before and after the experiment.
Similarly Test of Scientific creativity were also administered before and after the
experiment. The experimental group was taught through Learning Package based on
Problem Based Learning and the control group was taught through the existing
Activity Oriented Method of Instruction. The two groups were given equal attention
during the course of the experiment. At the end of the instructional phase, the post test
was administered to the two groups. The scores thus obtained were then analyzed by
using statistical techniques and the comparison of the groups was done.
The different statistical techniques employed in this study were Mean,
Median, Mode, Standard Deviation, Critical ratio, Analysis of Variance and Analysis
of Co-variance.

6.2 Conclusions based on findings
The major conclusions based on the statistical analysis of data, obtained from
the comparison of Learning Package based on Problem Based Learning and Activity
Oriented Method of Instruction are comprehend below under the following subheads.
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Learning Package based Problem Based Learning is more Effective than Activity
Oriented Method of Instruction in enhancing Science Process Skills among
Secondary School Students
This conclusion is substantiated by the following findings of the study.
The Mean Post-test scores of experimental group that was taught through Learning
Package based on Problem Based Learning is found to be higher than that of the
control group which was taught through Activity Oriented Method of Instruction
(M1= 31.65, M2 = 15.82). The Critical Ratio of mean values of post-test scores of
experimental and control groups (CR= 15.76; p<0.01) indicates that the experimental
group has significant improvement in the attainment of skills after the experiment.
This vouchsafes the advantage of Learning Package Based on Problem Based
Learning over Activity Oriented Method of Instruction.
The Gain scores of the experimental and control groups, when subjected to the
analysis of Critical Ratio shows that there is a significant difference between their
attainment of Science Process Skills on the mean gain scores (M1= 26.42; M2 =
11.20). This data testifies the advantage of Learning Package based on Problem Based
Learning over Activity Oriented Method of Instruction.
The Analysis of Variance of pre-test scores and post-test scores of students in
experimental and control groups shows that there is a significant difference between
the two groups ((Fy = 38.46 ; P<0.01). This also throws light on the effectiveness of
Learning Package based on Problem Based Learning
The Analysis of Covariance of pre-test scores and post-test scores of students in
experimental and control groups shows that there is a significant difference between
the means of the post test scores of the two groups (Fyx = 18.10 ; P<0.01). This
implies that the experimental group excels control group on the attainment of Science
Process Skills.
The ‘t’ value for the adjusted means of post test scores of experimental and control
groups (‘t’ = 16.81 ; P<0.01)was found to be significant at 0.01 level . This indicates
that the adjusted mean of the post test scores of the group taught through Learning
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Package Based on Problem Based Learning is higher than that of the group taught
through Activity Oriented Method of Instruction.The adjusted mean of the post test
scores of Science Process Skills of the experimental group, which is significantly
higher than that of the control group, whose adjusted mean of the post test score. Thus
the students of the group taught through Learning Package based on Problem based
Learning gained significantly higher scores than those taught through Activity
Oriented Method of Instruction. This confirms the authenticity of Learning Package
based on Problem based Learning over Activity Oriented Method of Instruction on
enhancing Science processSkills among students at the secondary level.
Learning Package based on Problem Based Learningis more effective than
Activity

Oriented

Method

of

Instruction

in

Enhancing

‘Scientific

Creativity’among Secondary School Students
This conclusion is substantiated by the following findings of the study.
The Mean Post test scores of experimental group that was taught through Learning
Package based on Problem Based Learning is found to be higher than that of the
control group which was taught through Activity Oriented Method of Instruction
(M1=28.23, M2 =13.63). The Critical Ratio of mean values of post test scores of
experimental and control groups (CR= 16.20; P< 0.01) indicates that the experimental
group has significant improvement in ‘Scientific Creativity’ after the experiment. This
point out the advantage of Learning Package based on Problem Based Learning Over
Activity Oriented Method of Instruction.
The Gain scores of the experiment and control groups when subjected to the analysis
of Critical Ratio (CR=16.30; P<0.01) shows that there is a significant difference
between their ‘scientific creativity’ on the mean gain scores (M1=16.53; M2=
2.95).This data testifies the advantage of Learning Package based on Problem based
Learning over Activity Oriented Method of Instruction.
The Analysis of Variance of pre-test scores and post-test scores of students in
experimental and control groups shows that there is a significant difference between
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the two groups ( Fy =38.84 P< 0.01). This also throws light on the effectiveness of
Learning Package based on Problem Based Learning.
The Analysis of Co-variance of pre-test and post-test scores of students in
experimental and control groups shows that there is significant difference between the
means of the post-test scores of the two groups ( Fyx =73.76 P< 0.01)This implies that
the ‘Scientific Creativity’ of experimental group is higher than that of control group .
The ‘t’ value for the adjusted means of post test scores of experimental and control
groups (‘t’ = 31.23; P<0.01)was found to be significant at 0.01 level . This indicates
that the adjusted mean of the post test scores of the experimental group taught through
Learning Package based on Scientific Creativity is significantly higher than that of the
group taught through Activity Oriented Method of Instruction. The adjusted mean of
the post test scores of Scientific Creativity ofthe experimental group is 12.71, which is
significantly higher than that of the control group, whose adjusted mean of the post
test score is 11.8. Thus the students of the group taught through Learning Package
based on Problem Based Learninggained significantly higher scores than those taught
through Activity Oriented Method of Instruction. This confirms the superiorityof
Learning Package based on Problem Based Learning over Activity Oriented Method
of Instruction in enhancing ‘Scientific Creativity’among students at the secondary
level.
Learning Package based on Problem Bsed Learning is more Effective than
Activity Oriented Method of Instruction on Scientific Creativity of Secondary
School Students with respect to Different factors such as Fluency,Flexibility,and
Originality.
Learning Package based on Problem Based Learning is more Effective than
Activity Oriented Method of Instruction on Scientific Creativity of Secondary
School Students with respect to Fluency.
This conclusion is substantiated by the following findings of the study.
1. The Mean Post-test scores of experimental group that was taught through Learning
Package based on Problem Based Learning is found to be higher than that of the
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control group which was taught through Activity Oriented Method of Instruction
(M1=10.18, M2 = 4.63). The Critical Ratio of the mean values of post-test scores of
experimental and control groups (CR = 11.1; P < 0.01) indicates that the experimental
group has a significant improvement on Fluency of Scientific Creativity after the
experiment. This indicates the advantage of Learning Package Based on Problem
Based Learning over Activity Oriented Method.
The Gain scores of the experimental and control groups, when subjected to the
analysis of Critical Ratio (CR = 14.62; P < 0.01), shows that there is a significant
difference between their achievement on the mean gain scores (M1 = 5.80, M2 =
0.49). This data testifies the advantage of Learning Package based on Problem Based
Learning over Activity Oriented Method of Instruction on Fluency of Scientific
Creativity.
Learning Package based on Problem Based Learning is more Effective than
Activity Oriented Method of Instruction on Scientific Creativity of Secondary
School Students with respect to Flexibility.
This conclusion is substantiated by the following findings of the study.
The Mean Post-test scores of experimental group that was taught through
Learning Package based on Problem Based Learning is found to be higher than that of
the control group which was taught through Activity Oriented Method of Instruction
(M1=5.68, M2 = 2.12). The Critical Ratio of the mean values of post-test scores of
experimental and control groups (CR = 6.358; P < 0.01) indicates that the
experimental group has a significant improvement on Flexibility of scientific
creativity after the experiment. This indicates the advantage of Learning Package
Based on Problem Bsed Learning over Activity Oriented Method.
The Gain scores of the experimental and control groups, when subjected to the
analysis of Critical Ratio (CR = 7.589; P < 0.01), shows that there is a significant
difference between their achievement on the mean gain scores (M1 = 3.84, M2 =
0.48). This data testifies the advantage of Learning Package based on Problem Based
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Learning over Activity Oriented Method of Instruction on Flexibility of scientific
creativity.
Learning Package based on Problem Based Learning is more Effective than
Activity Oriented Method of Instruction on Scientific Creativity of Secondary
School Students with respect to Originality.
This conclusion is substantiated by the following findings of the study.
The Mean Post-test scores of experimental group that was taught through
Learning Package based on Problem Based Learning is found to be higher than that of
the control group which was taught through Activity Oriented Method of Instruction
(M1=3.44, M2 = 1.69). The Critical Ratio of the mean values of post-test scores of
experimental and control groups (CR = 6.628; P < 0.01) indicates that the
experimental group has a significant improvement on Originality of Scientific
Creativity after the experiment. This indicates the advantage of Learning Package
Based on Problem Based Learning over Activity Oriented Method.
The Gain scores of the experimental and control groups, when subjected to the
analysis of Critical Ratio (CR = 4.984; P < 0.01), shows that there is a significant
difference between their achievement on the mean gain scores (M1 = 1.82, M2 =
0.21. This data testifies the advantage of Learning Package based on Problem Based
Learning over Activity Oriented Method of Instruction on Originality of Scientific
Creativity.
6.3 Tenability of the hypotheses
The First hypothesis formulated by the Investigatorstates that “The
attainment of Science Process Skills of secondary school students taught through
Learning Package based on Problem Based Learning is significantly higher than
those taught through the existing Activity Oriented method of Instruction”.
The analysis of co-variance of pre-test and post-test scores of secondary
school students with respect to Science Process Skills in the experimental and control
groups shows that there is significant difference between the means of post- test
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scores of the two groups. The findings of the study substantiate the first hypothesis,
and this hypothesis stands accepted.
The second hypothesis formulated by the Investigatorstates that” Scientific
Creativity’ of secondary school students taught through Learning Package based
on Problem Based Learning is significantly higher than those taught through the
existing Activity Oriented method of Instruction”.
The analysis of co-variance of pre-test and post-test scores with respect to
‘Scientific Creativity’ of secondary school students in the experimental and control
groups shows that there is significant difference between the means of post-test scores
of the two groups. The findings of the study substantiate the second hypothesis, and
this hypothesis stands accepted.
The third

hypothesis formulated by the Investigator states that “The

Scientific Creativity of secondary school students taught through Learning
Package Based on Problem Based Learning is significantly higher than those
taught through the existing Activity oriented method with respect to Fluency.
The Critical Ratio of the pre-test and post test scores with respect to the the
factor Fluency of Scientific Creativity of secondary school students in the
experimental and control groups shows that there is significant difference between the
means of the post test scores of the two groups. The findings of the study substantiate
the third hypothesis, and this hypothesis stands accepted.
The fourth hypothesis formulated by the Investigator states that “The
Scientific Creativity of secondary school students taught through Learning
Package Based on Problem Based Learning is significantly higher than those
taught through the existing Activity oriented method with respect to Flexibility .
The Critical Ratio of the pre-test and post test scores with respect to the the
factor Flexibility of Scientific Creativity of secondary school students in the
experimental and control groups shows that there is significant difference between the
means of the post test scores of the two groups. The findings of the study substantiate
the fourth hypothesis, and this hypothesis stands accepted.
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The fifth

91

hypothesis formulated by the Investigator states that “The

Scientific Creativity of secondary school students taught through Learning
Package Based on Problem Based Learning is significantly higher than those
taught through the existing Activity oriented method with respect to Originality .
The Critical Ratio of the pre-test and post test scores with respect to the the
factor Originality of scientific creativity of secondary school students in the
experimental and control groups shows that there is significant difference between the
means of the post test scores of the two groups. The findings of the study substantiate
the fifth hypothesis, and this hypothesis stands accepted.
6.4 Conclusions
1. Learning Package based on Problem Based Learning is more effective than
Activity Oriented Method of Instruction in enhancing Science Process Skills
among secondary school students.
2. Learning Package based on Problem Based Learning is more effective than
Activity

Oriented

Method

of

Instruction

in

enhancing

‘Scientific

Creativity’among secondary school students.
3. Learning Package based on Problem Based Learning is more effective than
Activity Oriented Method of Instruction on Scientific Creativity of secondary
school students with respect to the factor Fluency.
4. Learning Package based on Problem Based Learning is more effective than
Activity Oriented Method of Instruction on Scientific Creativity of secondary
school students with respect to the factor Flexibility.
5. Learning Package based on Problem Based Learning is more effective than
Activity Oriented Method of Instruction on Scientific Creativity of secondary
school students with respect to the factor Originality.

6.5 Educational Implications of the study
1. The results of the study have proved that Learning Package based on Problem
Based Learning is more effective than Activity Oriented Method of Instruction
on Science Process Skills of secondary school students. It is found that

Summary, Conclusions and suggestions

students enjoy learning through the package, so teachers should incorporate
Problem Based Learning packages in terms of techniques, methods and
materials in the teaching learning process.
2. From this study it is clear that an individualized system of instruction helps
students to attain scientific concepts at their own pace and Learning Package
based on Problem Based Learning is a combination of a variety of learning
activities and learning materials. When the learner goes through such a
package he/she can plan , monitor and evaluate his/her own learning and could
do necessary correction in his/her learning styles. By adopting such an
approach in the teaching-learning process, a teacher can make her student an
expert learner.
3. The study revealed that Problem Solving is effective in improving learning
and performance outcomes. Hence, while commencing the learning task, with
regard to its objectives, its nature and appropriate problem Solving strategies’
necessary to master it.
4. The findings of the study reveals that Problem Based Learning is a learning
and teaching strategy which endeavours to promote active learning by giving
control of the process to the learner. The students have to analyse the
problems, decide what they need to know, and having gained the knowledge,
develop appropriate solutions. Keeping the results of the study in mind, the
agencies responsible to improve the quality of education should take up the
quality of education should take up the task of developing learning package
based on problem Based Learning for all the subjects.
5. The study provides an excellent evidence of the effectiveness of a learning
package based on Problem Based Learning for teaching concepts in Biology.
Here students were asked to think about their interaction with the learning
process and how this approach, which was new to all of them has made them
more aware of how they were learning. Even in the absence of the teachers,
these type of programmes can engage students and prevent wastage of their
time.
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6. National and state level curriculum framers should take steps to make
educators aware of the potential of Problem based Learning by arranging
seminars and workshops.
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APPENDIX

Learning Package

Learning Package in Biology Based On Problem Based
Learning for Secondary School Students
Since the main objective of the study is the preparation of a Learning Package Based
on Problem Based Learning, the prepared package is described in the following pages.
This booklet contains Learning Package based on problem Based Learning for the
students of VIII, for the preparation of the package the investigator selected a topic
cell cluster’s from 8th standard biology syllabus. The information to be learned is
divided in to three main blocks. Each block is further divided in to units. All units
have similar design. Each unit contains main concepts and appropriate learning
objectives. These objectives. In each units will give you an idea about what new
behavior will be acquired by the completion of that unit. Hope you will be benefited
by this package. “Wish you all the best.
Block I

Units

Block II

Units

Tissue and Tissue formation





Tissues – Cell clusters
Diversity among cells
Stem cells – significance

Animal Tissues and plant tissues






Animal tissues
Meristematic tissues
Plant tissues
Level of organization

Learning Package

Unit I- Tissue formation
General introduction
The cell is the basic structural, functional and biological unit of all known
living organisms. A cell is the smallest unit of life that can replicate independently,
and cells are often called the building blocks of life. The human body is composed of
trillions of cells. They provide structure for the body, take nutrients from food,
convert those nutrients into energy, and carryout specialized functions, cells have
many parts, each with a different function. Some of these parts called cell organelles,
that are specialized structures perform certain tasks within the cell. Each cell differ in
structure and functions, they have specific function to perform.
A group of cells which are similar in origin; similar in structure and similar in
function are called tissues. This is one of the building blocks of an organism either
plant or animal. An organism is comprised of tissues, which are made up of individual
cells. These cells share a similar structure (how they are built) and function (what they
do). The co-ordinate action of tissues helps in performing different psychological
functions effectively.
Key concepts
Tissues
Nervous tissues
Muscle tissues.
Objectives
Identify and explain the formation of tissues from cells.
Identify and understand the basic organization of living things.
To understand the structural peculiarities of muscle cells.
To understand the structural peculiarities of neuron
To develop skill of observation and experimentation.
To develop abstract and critical thinking.
To develop problem solving skills.

Learning Package

To analyse the structural and functional peculiarities of neuron and muscle
cells.
To evaluate the structural and functional peculiarities of different types of
cells.
Design the scenario – Embedded problem to check student’s previous
knowledge.
Problem introduction

All organs are made up
of cells. But how
different are the eyes,
nose and tongue?

Did you notice Unni’s doubt?
What is your opinion?
Grouping students
Allow time to engage in

Introduce the assignment
Are the same type of cells seen in all parts of the body? Analyse the illustration
and description given below and write down the inference

Learning Package

Discussion and brainstorming sessions
Determine what they know about the problem
What they need to learn more about.
Where they have to look or search.
Yes, How do millions
of such cells function
effectively without
getting missed up?

What a wonder
our body is !

Learning Package

Observing the reading materials and find out answers.

All the organs and organ systems of the human body work together like a well oiled
machine. the process in which organ systems work to maintain a stable internal
environment is called homeostasis keeping a stable internal environment requires constant
adjustments.

Allotting time for reading and understanding the study materials named
“Homeostasis’ provided by the teacher, each group present their findings.
All living organisms are made up of cells

Yes, human body is indeed a
wonder. The well being of the
human body depends on the
systematic and regulate action
of the cells.

Yes there are lots of single celled
organisms and multi cellular organisms
found.

Learning Package

Questions
1. Which is the basic structural and functional unit of every living organism?
2. Differentiate between single celled organisms and multicellular organisms.
3. How do living things maintain homeostasis.
Students discuss what they have to think and identify the problem

In single celled
organisms single
cell performs every
activities.

In multi cellular organisms the
number of cells increases and
they are regard to their
biological functions.
Sharing their ideas with peers.
Finding answers from reading materials.
making notes.
Each group presenting their ideas and consolidating.

The well being of the human body
depends on the systematic
regulated action of the cells. Many
homeostatic mechanism work
continuously to maintain stable
conditions of body.

There are so many cells
working together, this
systematic regulated action on
cells maintain balance of a
human body.

Learning Package

Similar cells function together
in groups. Not separately. Such
clusters of cells are called
tissues.

Listen carefully the ideas of other group members.
Providing feedback and consolidating the topic

Summarize
o Each part of the human body is made up of millions of different kinds of cells.
o Similar cells function together in groups, not separately. Such clusters of cells
are called tissues.
o There are about 200 different kinds of cells like nerve cells, muscle cells,
blood cells, bone cells etc in the human body.

Prepare short notes on tissues.

Questions to evaluate content
o Define tissues
o Differentiate unicellular organisms and multicellular organisms.
o Find out examples for unicellular organisms.

Learning Package

Unit II - Diversity among cells.
General introduction
Within multicellular organisms, tissues are organized communities of cells
that work together to carry out a specific function. The exact role of a tissue in an
organism depends on what types of cells it containsour body is developed from a
single cell called Zygote. The Zygote undergoes continuous divisions and forms the
foetus consisting cells of different shape, size and content. The Zygote is formed by
the fusion of sperm and ovum. Thefoetal cells gradually attain change in structure and
function. This process is known as cell differentiation . Undifferentiated cell is the
zygote, partially differentiated cells are the foetal cells. Nerve cells, bone cells, blood
cells and muscle cells are completely differentiated cells.
Key concepts
Tissues
Zygote
Foetal cells differentiation
Cells differentiation
Objectives
Remembering different types of cells
Explaining the process of Homeostasis identifying the speciality of
different types of cells in the body
Judging the necessity of the homeostasis
To develop the skill of observation and experimentation
To develop the critical thinking skill
To develop creative problem solving skills

Tissues are group of similar cells
that have a common origin and
perform specific functions.

Learning Package

yes, there are different kinds of
tissues in multicellular organisms

The co-ordinated action of these
tissues helps in performing
different psychological functions
effectively.
Look at the pictures of Muscle cell
and Nerve cell.

Muscle cell

Nerve cell

Learning Package

Observing the pictures on the reading material
Though both are cells, they
differ so much in appearance.

Question to discuss
o What may be the reason for the differences?
o How do these differences influence the
o Psychological functions?
Identify the problem
Gathering, organizing, analyzing and interpreting information from reading
materials and animation videos.
Discussion among peers on the basis of the following indicators
Indicators
Formation of Foetus
Significance of cell differentiation from a single cell.

Learning Package

So, through reproduction an
undifferentiated cell in formed.
That undifferentiated cell is
known as Zygote

Oh !that’s correct our
body is developed from
Zygote, a single cell.

How?

The answer is in the text
book we should refer the
text book

Learning Package

The Zygote undergoes continuous
developments and forms cells of
different shape size and content.

Then what happens to
these Foetalcells.?

Foetal cells gradually attain change
in structure and function.

Observing the pictorial representation of cell
differentiations
Nerve cell
Zygote → Partially differentiated cells → completely differentiated cells

Bone cell

Summarizing

Muscle

Blood

1. Zygote formation takes place through reproduction
2. Zygote undergoes continuous divisions and forms foetal cells
3. Foetal cells undergoes cell differentiation to form nerve cells, Bone cells,
Blood cells, Muscle cells.

Learning Package

Unit III- Importance of stem cells
General introduction
Stem cells have the remarkable potential to develop into many different cell types in
the body during early life and growth. In addition, in many tissues they serve as a sort
of internal repair system, dividing essentially without limit to replenish other cells as
long as the person or animal is still alive. When a stem cell divides, each new cell has
the potential either to remain a stem cell or become another type of cell with a more
specialized function, such as a muscle cell, a red blood cell, or a brain cell.
Stem cells are distinguished from other cell types by two important characteristics.
First, they are unspecialized cells capable of renewing themselves through cell
division, sometimes after long periods of inactivity. Second, under certain physiologic
or experimental conditions, they can be induced to become tissue- or organ-specific
cells with special functions. In some organs, such as the gut and bone marrow, stem
cells regularly divide to repair and replace worn out or damaged tissues. In other
organs, however, such as the pancreas and the heart, stem cells only divide under
special conditions.
Until recently, scientists primarily worked with two kinds of stem cells from animals
and humans: embryonic stem cells and non-embryonic "somatic" or "adult" stem
cells. Scientists discovered ways to derive embryonic stem cells from early mouse
embryos more than 30 years ago, in 1981. The detailed study of the biology of mouse
stem cells led to the discovery, in 1998, of a method to derive stem cells from human
embryos and grow the cells in the laboratory. These cells are called human embryonic
stem cells. The embryos used in these studies were created for reproductive purposes
through in vitro fertilization procedures. When they were no longer needed for that
purpose, they were donated for research with the informed consent of the donor. In
2006, researchers made another breakthrough by identifying conditions that would
allow some specialized adult cells to be "reprogrammed" genetically to assume a stem
cell-like state. This new type of stem cell, called induced pluripotent stem cells
(iPSCs),

Learning Package

Stem cells are important for living organisms for many reasons. In the 3- to 5-day-old
embryo, called a blastocyst, the inner cells give rise to the entire body of the
organism, including all of the many specialized cell types and organs such as the
heart, lungs, skin, sperm, eggs and other tissues. In some adult tissues, such as bone
marrow, muscle, and brain, discrete populations of adult stem cells generate
replacements for cells that are lost through normal wear and tear, injury, or disease.

Given their unique regenerative abilities, stem cells offer new potentials for treating
diseases such as diabetes, and heart disease. However, much work remains to be done
in the laboratory and the clinic to understand how to use these cells for cell-based
therapies to treat disease, which is also referred to as regenerative or reparative
medicine.

Laboratory studies of stem cells enable scientists to learn about the cells’ essential
properties and what makes them different from specialized cell types. Scientists are
already using stem cells in the laboratory to screen new drugs and to develop model
systems to study normal growth and identify the causes of birth defects.
Research on stem cells continues to advance knowledge about how an organism
develops from a single cell and how healthy cells replace damaged cells in adult
organisms. Stem cell research is one of the most fascinating areas of contemporary
biology, but, as with many expanding fields of scientific inquiry, research on stem
cells raises scientific questions as rapidly as it generates new discoveries.
Key concept: Stem cells

Learning Package

Objectives
Recognizing specialized cells with regeneration capacity as stem cells
Explaining the importance of stem cells for living organisms.
Judging the necessity of stem cell therapy
To develop the skill of observation and experimentation
To develop the critical thinking skill
To develop creative problem solving skills

Hari, look at this
news paper cutting?

Ya, A giant leap
in stem cell

Carefully reading the news paper cutting and identifying the problem.

Science has succeeded in artificially developing tissues from stem
cells. a lot of research has gone in to this achievement. Which would
become a milestone in the field of medicine

What are these stem cells?
Are they the cells within
seeds?

Learning Package

Describing the problem by the teacher.
o Have you notices Sneha’s doubt about the newspaper clipping?
o What is the reason for the immense popularity gained by stem cells?
Small group discussion on the basis of the indicators
Indicators
o What are the peculiarities of stem cells when compared to other cells?
o How is the destruction of cells in tissues compensated?
o Why is stem cell research gaining importance?
Self study –by referring the text book discussion on stem cells.

Exchanging information
Did you understand what
are stem cells?

Learning Package

Stem cells are specialized
cells that can transform
into any kind of cells.

Yes,Swathi you are correct, stem cells
undergo constant differentiation and
get transformed into other kind of
cells

Ya, blood vessels developed from the
stem cells in the blood
Where we can see stem cells?

Stem cells are found in the bone
marrow, skin, digestive tract etc…

Learning Package

hei Rahul, you know one thing now
days, Science can develop the desired
type of cells form stem cells, in research
centers under lab conditions

Discussion regarding the importance of stem cells and presenting ideas each other
distributing paper cutting, and pictures on stem cell research.

Stem cells research
can bring about
miraculous changes

In the treatment of
Blood Cancer,
Diabetes, Parkinson
disease etc.

There is another noticeable significance
of stem cells in that they can use in the
manufacture of artificial organ.

Resolve issues based on prior knowledge
Swathi, did you get the
answer of our second
question

Learning Package

How is the destruction of
cells in tissues
compensated ?. The
answer will be there in
our reading material.

When the cells in the tissues get destroyed new cells
develop from the stem cells.

Synthesize and test the newly acquired information.
Recording the consolidation of discussion in the science diary.
In mammmals, there are two broad types of stem cells embryonic stem cells , which are
isolated from the inner cell walls of blastocyst, and adult stem cells, which are found in
various tissues.








Stem cells can extracted from bone marrow, a dipose tissue, blood, umbilical cord
blood just after birth
adult stem cells are frequently used in medical therapies –bone marrow
transplantation
Stem cells can now be artificially grown and transformed in to specialized cell types
Stem cells are un differentiated biological cells
Stem cells undergoes division and differentiation
Division through mitosis- potency
Stem cell have renewal capacity –stem renewal

Teacher, I have a
doubt
Yes

Learning Package

Teacher, What are
pluripotent and
multipotent stem cells

Pluripotent stem cells can
give rise to any type of cell
in the body

Stem cells that can give rise only to a small
number of different cell types are called
multipotent.

Evaluation
1. What are stem cells?
2. What classes of stem cells are there?
3. where do stem cells come from?

Return

Read Report

Review

Learning Package

Block II

Unit 1: Animal tissues
General introduction
The tissue is quite easily defined in the biological sense as an ensemble cast featuring
similar cells of the same origin that together carry out a specific function. Further on,
the functional grouping together of multiple tissues forms different organs.They exist
for very different purposes and this part cannot be emphasized enough. The four
major tissues that occur in an animal body are epithelial, connective, muscular and
nervous tissues.. Let’s have a glimpse of each
ea type of animal tissue.
Key concept: Types of Animal Tissue

Learning Package

Different Animal tissues
Epithelial tissue
Epithelial tissue is a type of animal tissue that covers the body and lines the
body’s cavities and organs. When a word like covering and lining is summoned,
it most often than not tends to mean a certain level of protection. Following the
same line of thought, this happens to be one of the major functions of the
epithelium, to act as aprotective barrier against injury as well as attack from
microorganisms like bacteria and viruses. Some epithelia also secrete
substances like digestive juices or absorb nutrients or protect the body from
water loss. There are two types of epithelial tissues which are the Simple
Epithelium and Compound Epithelium.
Connective tissue
Connective tissue, supports, connects or separates other tissues or organs of the
body as the name suggests. Fibrous connective tissue is strong and is found in
areas like ligaments, which basically connect bone to bone. Connective tissues
happen to be the most abundant tissues of complex animals. The connective
tissues include cartilage, bone, adipose, and blood. All connective tissues except
blood tend to secrete structural proteins called collagen or elastin. There are
many different types of connective tissues which are the Loose Connective
tissue, Dense Connective tissue, and Specialized Connective tissue.
Muscular tissue
The muscular tissue is again divided into three types which are the skeletal,
smooth and cardiac. Skeletal is a voluntary type which is made use of by the
contraction of skeletal parts. The smooth one is found in walls of internal
organs and blood vessels, being an involuntary type. The last type, cardiac
muscle is found only in the walls of the heart and it is also involuntary in
nature.
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Nervous tissues
The neural or nerve tissues happen to exert control over the body’s responses to
changing conditions. Neurons, the excitable cells are the units of the neural
system. It is composed of specialized cells which receive stimuli and conduct
these impulses to and from different parts of the body. Its functions include
processing and transferring information.
Key concepts: Epithelial tissues, nervous tissues, Muscular tissues, connective
tissue
Objectives


To acquire knowledge about different types of animal tissues



To compare and analyze the structure and function of animal tissues.



Organize the assimilated information logically to applying relevant situation

So in our last class we
understood the significance of
stem cell. Today we will
discuss about animal tissues.

Yes, there are different types of
animal tissues present.

Observing the permanent slides of different animal tissues with the help of Micro
scope

Learning Package

Materials needed for the study.
1. Microscope
2. Slide
3. Permanent slides of connective tissues, nervous tissue, muscular tissue.
Preparation of illustration showing different types of tissues.
Identifing the slide of epithelial tissue with the picture given in the reading material.

Epithelial tissue covers
and protects the body

Yes, You are right what is
it’s characteristics
features.

Discussion among peer group
The information
will get from the
article of tissues.

Epithelial tissues lines
the inner walls of the
digestive tract

What are the
functions of
epithetical
tissue?

Learning Package





Protection
Absorption
and production of secretions

Hei, What is that? It’s
structure is quiet different

That’s nervous tissue. It is
the structural and
functionalunit of brain

What do we know about
Nervous tissues.Nervous
tissue and epithetical tissues.

Yes, Nervous tissue enables
to respond identifying the
changes inside and outside
the body.

Learning Package

What is the significance
of nervous tissue how
is it differ from a
normal animal cell?

Nervous tissue controls
and coordinates
physiological functions

Comparing and analyzing the pictures of nervous tissues and epithelial tissues.
Stating the problem
What do we know about nervous tissues?

Brain is the organ which
controls and co-ordinates all
our activities. neuronss are
its functional unit.

A neuron has a cell
body, axon and
Dendron.

Axon is divided in to
axonite. Dendron to
dendrite.

Learning Package

The study notes will help you to find the answer go through the reading material and
compare the structural differences.
Organizing and sharing the collected information

When a Neuron cell get
damage or we can’t
replace them.

Is there any difference
in a nerve cell and an
ordinary animal cell.

Look at the picture of
Muscle tissues

Learning Package

With the help of the text book identifying the features of Muscular tissues.

Consists of cell that can
contract and regain the
original state.

Muscle tissues enables the
movement of the body.

Observing and identifying the
various connective tissues.
To get more details about connective
tissues go through the reading material.


Bone



Cartilage



Fibrous tissues



Blood.

Learning Package

Based on the following indicators find out the structural and functional peculiarities of
connective tissues through group discussion and self study.
1. What is the peculiarity of connective tissues?
2. Find out various examples of connective tissues.
3. Where we can see these tissues?
The discussion leader
- Structures the content and sequence of events.
- Provides each questions to each group and ask them to discuss and collect
maximum information.
Each group presenting their ideas.
I Group

I Group

Connective tissues connect
different tissues

Bone cartilage fibrous tissues
Blood: Examples of connect tissues

III Group

Fibrous tissues connect other
tissues

Bone , Cartilage provides support
protection and definite shape to
the body.

Is blood a connective tissue?

Yes, blood, the fluid tissue also
belongs to the group of connective
tissue.

Learning Package

Blood carries out the conduction
and materials and make the body
resistant to diseases.



Organizing thoughts of group members



Summarizes



Epithelial tissue



Nervous tissues



Muscular tissue



Connective tissue

Learning Package

Learning Package

Unit – 2 Meristematic cells
General introduction
Meristematic tissues are a group of young cells that are in a continuous state
of division.
These tissues are mostly found at the apices of root and shoot.
The main characteristics of cells of meristematic tissues are:
(i) They are living and thin walled
(ii) Vacuoles are few and small in size
(iii) The cells contain a dense protoplasm and conspicuous nuclei
(iv) The cells are spherical, oval or polygonal in shape
(v) They do not store reserve food material and are in an active state of
metabolism.
Types of Meristems:
I.

Classification based on origin and development:
On the basis of origin and development of initiating cells, meristems can be
divided into three types:

i.

Promeristem or priordial meristem:
A group of young meristematic cells of a growing organ. It is the early
embryonic meristem from which other advanced meristems are derived. In a
plant, it occupies a small area at the tip of stem and root. It further divides to
form primary meristem.

ii.

Primary meristem:
These are derived from promeristem. They are present below the
promeristem at shoot and root apices. These cells divide and form
permanent tissues.

Learning Package

iii.

Secondary meristem:
It is derived from primary permanent tissues which have the capacity of
division e.g. Cork-cambium, cambium of roots and inter fascicular cambium
of stem.

II.

Classification on basis of position:
On the basis of their position in the plant body, meristems are of three types
(Fig. 3.1)
Schematic representation of position of different meristems

i.

Apical meristem:
These are found at the apices or growing points of root and shoot and bring
about increase in length. It includes both pro-meristem as well as primary
meristem.
Several theories have been put forward to explain the activity of apical
meristem:
Apical cell theory:
The theory was first proposed by Hofmeister (1857) and advanced by Nageli
(1878). According to this theory, a single apical cell is the structural and
functional unit of apical meristem which governs the entire process of apical
growth. However, such organization has been found only in cryptogams.
Histogen cell theory:
This theory was given by Hanstein (1868). According to this theory root and
shoot apices consists of the central or inner mass called Plerome surrounded
by the middle region composed of isodiametric cells called periblem and the
outermost uniseriate layer of Dermatogen. Dermatogen gives rise to
epidermis, periblem to cortex and endodermis and plerome to vascular
bundle and pith. These three layers were called Histogen by Hanstein.
Tunica-corpus theory:
This theory was proposed by Schmidt (1924). According to this theory, mass
of dividing cells are of two types: Tunica, the outer consisting of one
position of different meristems or more peripheral layers of cells, forming
the outer region and Corpus, the central undifferentiated multilayered mass

Learning Package

of cell. Epidermis is derived from outer layer of tunica and other tissues
from remaining layer of tunica and corpus.
ii.

Intercalary meristem:
It lies between the region of permanent tissues and is considered| as a part of
primary meristem which has become detached due to formation of
intermediate permanent tissues. It is found either at the base of leaf e.g.
Pinus or at the base of internodes e.g. grasses.

iii.

Lateral Meristem:

iv.

These are arranged parallel to the sides of origin and normally divide
periclinally or radially and give rise to secondary permanent tissues. These
increase the thickness of the plant part.

III.

Classification on basis of function:
On the basis of their function, meristems have been classified into three
types:

i.

Protoderm meristem:
It is the outermost layer of the young growing region which develops to form
epidermal tissue system.

ii.

Procambium meristem:
It is composed of narrow, elongated, prosenchymatous, meristematiccells
that gives rise to the vascular tissues system.

iii.

Ground Meristen:
It is composed of large, thick-walled cells which develop to for ground tissue
system, i.e. hypodermis, cortex and pith.

IV.

Classification on basis of plane of divisions:
The growth pattern and plane of division of meristematic tissue is important
to govern the mode of growth.
These tissues can be divided into three types:

i.

Mass meristem:
In such meristem, cell divisions occur in all planes resulting in an increase
in volume. It can be observed in meristems of cortex and pith.

ii.

Rib or file meristem:
The cells divide only on one plane e.g., formation of filaments in algae.

Learning Package

iii.

Plate meristem:
These cells divide in two planes resulting to an increase in the area of an
organ e.g. Leaf formation.
Key concepts:Meristematic cells, plant tissues.

Objectives
-

To acquire knowledge about different plant tissues.

-

To understand the structural peculiarities of meristamatic cells.

-

To understand different types of plant tissues and their
characteristics.

-

To compare the structural features of a meristamatic cell and a
mature cell.

-

To develop skill of observation and experimentation.

-

To develop abstract and critical thinking.

-

To develop problem solving skills

-

To analyse and summarize the significance of different types of
tissues in plants.

-

To evaluate the function of plant tissues.

Presentation of Problem
Teacher shows the growth pattern of Trees using visual media and ask students to
compare their growth rate with that of a tree and focusing their attentiontowards the
doubt of Teena in the text book.

Learning Package

How fast does this tree
grow.!Why can’t I grow
like it.

Hei, Teena, we can
findthe answer from
text book

Is growth in plants and animals alike?. Group discussion and brainstorming based on
the indicators.
Yes, growth in plant is
mainly centered at the
top of stem and roots.

But Aswathy , in animals
growth in not conferred to
any specific area.

Learning Package

Why does growth in
plants occur at specified
areas?

We can find the answer by
analyzing the following
description.

Compare the figures of a meristematic cell and a mature cell. Find out the differences
and complete the table.

Exchanging the ideas between group members.
Active listening to other peer’s news.Going through the study
materials and analyzes the significance of meristematic cells.

Meristematic tissues are a group of young cells that are in a continuous
state of division.
These tissues are mostly found at the apices of root and shoot.
The main characteristics of cells of meristematic tissues are:
i.

They are living and thin walled

ii.

Vacuoles are few and small in size

iii.

The cells contain a dense protoplasm and conspicuous nuclei

iv.

The cells are spherical, oval or polygonal in shape

v.

They do not store reserve food material and are in an active state of
metabolism.

Learning Package

Types of Meristems:
I.

Classification based on origin and development:
On the basis of origin and development of initiating cells, meristems can
be divided into three types:

i.

Promeristem or priordial meristem:
A group of young meristematic cells of a growing organ. It is the early
embryonic meristem from which other advanced meristems are derived.
In a plant, it occupies a small area at the tip of stem and root. It further
divides to form primary meristem.

ii.

Primary meristem:
These are derived from promeristem. They are present below the
promeristem at shoot and root apices. These cells divide and form
permanent tissues.

iii.

Secondary meristem:
It is derived from primary permanent tissues which have the capacity of
division e.g. Cork-cambium, cambium of roots and inter fascicular
cambium of stem.

II.

Classification on basis of position:
On the basis of their position in the plant body, meristems are of three
types
Schematic represention of position of different meristems

i.

Apical meristem:
These are found at the apices or growing points of root and shoot and
bring about increase in length. It includes both pro-meristem as well as
primary meristem.

So different types of
plant tissues are
formed from
Meristamatic cells.

Learning Package

Which are they?

Parenchyma
Collenchyma
Selenchyma
Xylem
Phloem

Serving as a resource. Observing the structure
of a plant stem and preparing notes.

Let’s observe these tissues through a microscope.

Learning Package

 Observation
 Slide preparation
 Handling and adjusting microscope.
Identifying the tissues
ues observed with the help of figure.

Observing the chart depicts the study
st y of dicotyledonous stem and identify its parts

Analyzing the information given below and try to understand more about plastids
-

Obser
Observing
the permanent slides of parenchyma,collenchyma
collenchyma, and
Sclerench
lerenchyma

Learning Package

-

drawing diagrams

-

Comparing the drawn picture with the pictures shown in text book.

Evaluating &Summarizing
In plants growth centered at the tip of stem and root-meristematic cells
In animals growth is not confused to specified area
A meristematic cell and a mature cell is different in size, thickness of cell wall
and quantity of cyclopean.
Different types of plant tissues are formed from meristematic cells
Parenchyma, Collenchyma,Sclerenchyma,Xylem,Phloem etc are different
plant tissues.

Learning Package

Unit 3- Vascular tissues
General introduction
Vascular tissue is a complex conducting tissue, formed of more than one cell type,
found in vascular plants. The primary components of vascular tissue are the xylem
and phloem. These two tissues transport fluid and nutrients internally. There are
also two meristems associated with vascular tissue: the vascular cambium and the
cork cambium. All the vascular tissues within a particular plant together constitute
the vascular tissue system of that plant.
Xylem is one of the two types of transport tissue in vascular plants, phloem being
the other. The basic function of xylem is to transport water from roots to shoots and
leaves, but it also transports some nutrients. The word xylem is derived from the
Greek word (xylon), meaning "wood"; the best-known xylem tissue is wood, though
it is found throughout the plant.
The most distinctive xylem cells are the long tracheary elements that transport
water. Tracheids and vessel elements are distinguished by their shape; vessel
elements are shorter, and are connected together into long tubes that are
called vessels.
Xylem also contains two other cell types: parenchyma and fibers.
Xylem can be found in vascular bundles, present in non-woody plants and nonwoody parts of woody plantsin secondary xylem, laid down by a meristem called
the vascular cambium in woody plantsas part of a stelar arrangement not divided
into bundles, as in many ferns.
In transitional stages of plants with secondary growth, the first two categories are
not mutually exclusive, although usually a vascular bundle will contain primary
xylem only.
In vascular plants, phloem is the living tissue that transports the soluble organic
compounds made during photosynthesis.

Learning Package

Phloem tissue consists of conducting cells, generally called sieve elements;
parenchyma cells, including both specialized companion cells or albuminous cells
and unspecialized cells; and supportive cells,
cells, such as fibres and sclereids.
Key concept. Complex plant tissues – Xylem, Phloem
Objectives


To acquire knowledge about different types of vascular tissues.



To understand the structural peculiarities of xylem and phloem .



To differentiate the anatomical
anatomical features of xylem and phloem .



To analyze the role of complex tissues.



To develop observation and critical thinking skills.



To develop various process skills among the learner.



To develop problem solving skills. Such as elaborative engagement and
exploration.

Teacher presenting the problem

Observing the picture of a big tree.

You know plants can
prepare their food

Learning Package

Yes, that is photosynthesis.

What are the raw
materials needed for
photosynthesis?

Co2, H2O, chlorophyll,
sunlight

Yes, then how these
raw materials enter in
to plant.

Co2 enters through leaf

Chlorophyll in a plastid
present in plants

Then H2O enters through
roots.

Yes, Then where the
plants prepare food..?

Learning Package

Then, how these water
from soil reaches of a
tall tree.

Oh! how it is possible?.

Find out the answer by reading the written material and see the diagrammatic
representation of transport of materials in plants.

Learning Package

Group discussion
-

Analyzing the problem.

The water and minerals
absorbed by roots to be
transported to leaves for
photosynthesis

In the same manner the
prepared food to be
transported to different
parts of a plant.

The specialized tissues
formed from peculiar
cells to do this, are
vascular tissues

Yes, Vascular tissues
are complex tissues.

Why they are known as
complex tissues

Because they are
formed from different
kinds of cells.

Learning Package

Two types of complex
tissues are found in
plants

There are Xylem and
Phloem

students observing the pictures of xylem and
phloem and find out answers formed on indicators
through discussion

Discussion and presenting ideas to other groups and consolidate.

Xylem tubes formed from
elongated cells

Learning Package

The function of Xylem is transport of
water and minerals absorbed by roots to
the leaves.

Xylem cells have thick cell
wall.

So they provide support and
strength to the plant.

Comparing Xylem with phloem

Phloem composed of tubular
inter connected cells.

Transport food synthesized in
the leaves to various parts of
the plant body.

Learning Package

Indicators


Which are the different types of vascular tissues?



Vascular tissues and complex tissues. Comment.



Structural peculiarities of xylem and phloem.



How xylem and Phloem differ in their function.

Learning Package

Block III
General introduction
Levels of Organization
In unicellular (single-celled) organisms, the single cell performs all life functions.
It functions independently. However, multicellular (many celled) organisms have
various levels of organization within them. Individual cells may perform specific
functions and also work together for the good of the entire organism. The cells
become dependent on one another.
Multicellular organisms have the following 5 levels of organization ranging from
simplest to most complex:
Cells


Are the basic unit of structure and function in living things.



May serve a specific function within the organism



Examples- blood cells, nerve cells, bone cells, etc.

Tissues


Made up of cells that are similar in structure and function and
which work together to perform a specific activity



Examples - blood, nervous, bone, etc. Humans have 4 basic tissues:
connective, epithelial, muscle, and nerve.

Organs


Made up of tissues that work together to perform a specific
activity



Examples - heart, brain, skin, etc.

Learning Package

Organ Systems


Groups of two or more tissues that work together to perform a specific
function for the organism.



Examples - circulatory system, nervous system, skeletal system, etc.



The Human body has 11 organ systems - circulatory, digestive, endocrine,
excretory (urinary), immune(lymphatic), integumentary, muscular, nervous,
reproductive, respiratory, and skeletal.

Organisms


Entire living things that can carry out all basic life processes.
Meaning they can take in materials, release energy from food,
release wastes, grow, respond to the environment, and reproduce.



Usually made up of organ systems, but an organism may be made up of only
one cell such as bacteria or protist.



Examples - bacteria, amoeba, mushroom, sunflower, human

Key concept
Cell → Tissues → Organs →Organ system
Objectives


To acquire knowledge about different vascular tissues.



To understand the functions of xylem and phloem.



To evaluate the role of complex tissues.



To analyses the structural and functional peculiarities of Xylem and Phloem.



To develops the power of observation and critical thinking capacity.



To develops problem solving skills such as organizing, analyses, syntheses
knowledge.

Pausing the problem.
Showing the animated video of level of organization arise a question.

Learning Package

Cell combines to form
tissues. What if tissues
combine?

Write your response in the box


Brainstorming



Group discussion



Reading through the problem



Identifying familiar term



Defining and raising learning issues



Do tissues work together just as the cells do?

Based on the indicators, analyze the illustration given in the chart. Write your
inferences in the science dairy.

Learning Package

Information gathering from reading material.

Learning Package

Levels of Organization
In unicellular (single-celled) organisms, the single cell performs all life
functions. It functions independently. However, multicellular (many celled)
organisms have various levels of organization within them. Individual cells
may perform specific functions and also work together for the good of the
entire organism. The cells become dependent on one another.
Multicellular organisms have the following 5 levels of organization ranging
from simplest to most complex:
LEVEL 1 - Cells


Are the basic unit of structure and function in living things.



May serve a specific function within the organism



Examples- blood cells, nerve cells, bone cells, etc.

LEVEL 2 - Tissues


Made up of cells that are similar in structure and function and
which work together to perform a specific activity



Examples - blood, nervous, bone, etc. Humans have 4 basic tissues:
connective, epithelial, muscle, and nerve.

LEVEL 3 - Organs


Made up of tissues that work together to perform a specific activity



Examples - heart, brain, skin, etc.

LEVEL4 - Organ Systems


Groups of two or more tissues that work together to perform a specific
function for the organism.

Learning Package



Examples - circulatory system, nervous system, skeletal system, etc.



The Human body has 11 organ systems - circulatory, digestive, endocrine,
excretory (urinary), immune(lymphatic), integumentary, muscular, nervous,
reproductive, respiratory, and skeletal.

LEVEL 5 - Organisms


Entire living things that can carry out all basic life processes.
Meaning they can take in materials, release energy from food,
release wastes, grow, respond to the environment, and reproduce.



Usually made up of organ systems, but an organism may be made up of only
one cell such as bacteria or protist.



Examples - bacteria, amoeba, mushroom, sunflower, human

Collation of information and solving the problem.

Jigsaw learning
What are the functions of
nervous tissue.

Nervous tissue or neurons
are the structural and
functional unit of central
nervous system.

Discussion on the following indicators.


Do all organisms have an organ system?



However unicellular organisms also exist on earth.

Learning Package

Epithelial tissue line the cavities and surfaces of
blood vessels and organs throughout the body. ...
All glands are made up of epithelial cells.
Functions of epithelial cells include secretion,
selective absorption, protection, transcellular
transport, and sensing.

Connective tissue blood
transport of O2and materials
all over the body.

Muscular tissue is the
structural unit of Muscular
system which helps in
movement.

The function of stomach is
digesting the food particles.

Intestine helps in digestion as
well as absorption of food
particles.

Learning Package

Random reporting by each group

Constituent tissues combines
to form organs

What would happen when
organ combines?

Different organs combinesto
form organ system.

ConsolidationPhysiological functions are smoothly carried out by the combined
action of many organs.
Self study reporting
What is digestion?

Digestion is the process of the
combined action of many
organs.

Learning Package

Teacher presents a problemWhether the functioning of the digestive system alone is sufficient to transport the
nutrients produced by digestion to different part of the body?


Group leader structures the content and sequence of events.



Ensures the participation of each learner.
No, different organ systems jointly taking
part in the digestion and transport of
nutrients.

How transport of nutrients to different
parts of the body is taking place?

The answer will get from the reading material.

Blood is a connective tissue
which helps in the transport of
nutrients.

Learning Package

Functions of blood
Blood has three main functions: transport, protection and regulation.
Transport
Blood transports the following substances:
Gases, namely oxygen (O2) and carbon dioxide (CO2), between the lungs and
rest of the body
Nutrients from the digestive tract and storage sites to the rest of the body
Waste products to be detoxified or removed by the liver and kidneys
Hormones from the glands in which they are produced to their target cells
Heat to the skin so as to help regulate body temperature
Protection
Blood has several roles in inflammation:
Leukocytes, or white blood cells, destroy invading microorganisms and cancer
cells
Antibodies and other proteins destroy pathogenic substances
Platelet factors initiate blood clotting and help minimize blood loss
Regulation
Blood helps regulate:
pH by interacting with acids and bases
Water balance by transferring water to and from tissues

Learning Package

Self study
Complete the following table by finding out the system to which the organs listed in
the table belong to.

Consolidation by each group


No organ can function independently.



A given physiological activity can be completed only by the combined action
of different organ systems.

So, cells combines to form
tissue, tissue combines to form
organs

And organs combines to form
organ systems.

Problem Assigned
Discuss what happens when organ systems combine together


Problem presented and read by a group member.

Learning Package



Students discuss what is known.

Cell is structural and functional
unit if a living thing.

Cells combine to form tissues

Yes. Tissues are a group
of similar cells have a
common origin and
perform specific
functions.
Brainstorming their ideas.

Tissues combines to form organ

Then organ combines to for organ
system.

These organs of stem combines to form
organism.

Learning Package

Students share their ideas with peers
Gathering, organizing, analyzing information from
resources.

Present findings

Aren’t you convinced that an
organism is combination of
different organ system?

Preparing a consolidated report

An organism can survive only
when these organ system work
in a coordinated way.

An organ system become
complex, the structure of the
body also becomes complex.

The structure of higher order
animals including human
beings is complex.

Learning Package

Discussion on the following indicators


Do all organisms have an organ system?



However unicellular organisms also exist on earth.

Design scenario- Embedded problem to check student’s previous knowledge.
Problem introduction

All organs are made of cells.
But how different are the eyes,
nose and tongue.

Did you notice Unni’s doubt? What is your opinion.

Grouping students
Allow time to engage in
Introduce the assignment
Are the same type of cells seen in all parts of the body? Analyze the illustration and
description given below and write down the inference.

Learning Package

Again form small groups and presenting the problem by the group leader.
Activating the group by recalling the previous knowledge (background about
knowledge) the structural peculiarities of living organisms.

Cell is the basic unit of life

Parts of the cell are formed of
various substance

Justifying ideas to group members

You might have learnt that all
substances are basically
formed of atoms

Learning Package

Observing the illustration which shows the level of organization from atom to
community.



Group writing the problem as a statement



Allow time to engage in

Reading material
Referring the supplementary reading material
Listen carefully to the ideas of group members.

Learning Package

A complex living body is
formed by the continuous
division and differentiation
of cells

In higher level organisms
different types of tissues act
complementarily to perform
several complex physiological
activities.

Efficiency of the
organisms increases with
the variety of its tissues

Consolidation and presentation of plants
Atom → Molecule → Cell organelle → Cell → Tissue → Organ → Organ system →
Organism → Population → community
Summarize:


Organ system work in a co-ordinated way to became organism.



Same type of organisms together forms population.



Different population combines to form Animal/Plant community.

Learning Package

TEST OF SCIENCE PROCESS SKILLS
DRAFT FORM

Dr. Padma Priya P V
Assistant Professor
NSS Training College
Pandalam

Name

:-

School Name

:-

Class

:-

Male/Female

Directions:- There are 20 questions in this Test of Science Process Skills. Read each
question carefully and write the correct answer in the appropriate place

1. The flexibility in plants is due to a tissue called
a) Chlorenchyma
b) Parenchyma
c) Sclerenchyma
d) Collenchyma
Ans:_____________________________________________________________
2. What will happen when the number of white blood cells increases enormously?
a) Immunity get destroyed
b) leads to blood cancer
c) The person become more healthy
d) Life spam will increase
Ans:_____________________________________________________________
Classify the components of the following tissues
3.

Ans:_____________________________________________________________
4.

Ans:_____________________________________________________________

Identify the following
5.

Ans:_____________________________________________________________
Ans:_____________________________________________________________
6.

Ans:_____________________________________________________________
Ans:_____________________________________________________________
7. Mark the Major differences in the following two figures.

8. Identify the type of tissues in the following
a) Skin
b) Bone
c) Lining of kidney
d) Tubule

9. ______________ is the hardest tissue in human beings
10. Complete the flow chart showing various types of connective tissues

Connective Tissue

Loose
Connective
Tissue

Specialized
Connective
Tissue
Nerve
Regular

Areolar

Pigmented

Skeletal

Blood

11. Which indicator helps to identify collenchyma when it observed through a
microscope
a) Thin cell wall
b) Uniformly thick cell wall
c) No nucleus in the cell
d) Only the corner of the cells are thick.
Ans:____________________________________________________________

12. Structure of cells in connective tissue is
a) Squamous Matrix
b) Extracellular Matrix
c) Ciliated matrix
d) Stratified matrix
Ans:_____________________________________________________________
13. Type of epithelial tissues present in bronchi and trachea is
a) Squamous epithelium
b) Columnar epithelia
c) Ciliated columnar epithelium
d) Cuboidal epithelium
Ans:_____________________________________________________________
14. Xylem tissues are responsible for
a) Osmotic pressure
b) Secretion of water
c) Absorption of water
d) Transportation of water
Ans:_____________________________________________________________
15. Logically order the following

16. The following tissues are made up of

Ans:_____________________________________________________________
Ans:_____________________________________________________________
17. What type of tissues compose cartilage and bones
A). Epithetical tissue
B). Connective tissue
C). Columnar tissues
D). Muscle tissues
Ans:_____________________________________________________________
Ans:_____________________________________________________________

18. Choose the correct Classification
a) Keratinoid cuboidal, Puedostratified, Melanocites Simple Columnar.
b) Simple cuboidal, Simple Columnar, Simple squamous, Stratified squamous.
c) Striated, Non striated, Cardiac
d) Ciliated cuboidal, stratified squamous, extracellular matrix, squamous
epithelium
Ans:_____________________________________________________________
19. To avoid infection after reviving a puncture wound to the hand. You should
always
a) Go to the immunization centre to receive a tetanus shot
b) Be treated with an antibiotic C if the wound is painful.
c) Ensure the no foreign object has been left in the wound.
d) Wipe the wound with alcohol unless it is still bleeding.
Ans:_____________________________________________________________
20. Choose the correct statement regarding “ peculiarities of stem cells when
compared to other cells”
a) Stem cells cannot undergo differentiation
b) Specialized cells that can transform in to any kind of cells.
c) Stems can undergo meiosis.
d) Stem cells have similar structure and function like other somatic cells.
Ans:_____________________________________________________________

21. Identify vascular tissues among the following.

22. Compare the features of the following cells and complete the table.

23. Analyse the information given below and identify the tissues.

24. Complete the following worksheet based on the diagram and hints.

a. Transports food prepared in the leaves to various parts of the plant.
b. Transports water and minerals absorbed by the roots to the leaves.
c. Seen in the tender parts of the plant.
d. Only the corners of the cell walls are thick.
e. Cells that are uniformly thick all over the cell wall are seen.

25.

Cells combine to form
tissues. What if tissues
combine ?

Ans:_____________________________________________________________
26. Based on the indicators, analyse the information given below write your inference

 What are the important tissues that the stomach and the intestine are made up
of …………………………..
 Organs combines to form …………………………..

27. Complete the following table by finding out the systems to which the organs
listed in the table belong to

28. Let us reflect,
Given below in the illustration are various tissues related to the
structure of hand.

Observe the illustration and write the alphabet suitable to each statement.


provides support, protection and shape:

_____________



covers the body parts :

_____________



transports substances :

_____________



helps to respond by recognizing changes:

_____________

29. Which among the following statement is not related to tissues.
a) Different types of cells are seen.
b) Similar kinds of cells are seen
c) Perform specific function
d) Formed from different cells
Ans:_____________________________________________________________

30. Find out whether help all these cells have common structure and function or they
have different functions?

Nerve cells

Blood cells
Bone cells

Muscle cells

Ans:_____________________________________________________________
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Directions:- There are 20 questions in this Test of Science Process Skills. Read each
question carefully and write the correct answer in the appropriate place

1. What will happen when the number of white blood cells increases enormously?
a) Immunity get destroyed
b) leads to blood cancer
c) The person become more healthy
d) Life spam will increase
Ans:_____________________________________________________________
Ans:_____________________________________________________________
Classify the components
onents of the following tissues
2.

Ans:_____________________________________________________________
Ans:_____________________________________________________________
3.

Ans:_____________________________________________________________
Ans:_____________________________________________________________
Identify the following
4.

Ans:_____________________________________________________________
5.

Ans:_____________________________________________________________
6. Mark the Major differences in the following two figures.

7. Complete the flow chart showing various types of connective tissues

Connective Tissue

Loose
Connective
Tissue
Areolar

Pigmented

Specialized
Connective
Tissue
Nerve
Regular

Skeletal

Blood

8. Which indicator helps to identify collenchyma when it observed through a
microscope
a) Thin cell wall
b) Uniformly thick cell wall
c) No nucleus in the cell
d) Only the corner of the cells are thick.
Ans:_____________________________________________________________
Ans:_____________________________________________________________
9. Logically order the following

10. The following tissues are made up of

Ans:_____________________________________________________________
Ans:_____________________________________________________________
11. Choose the correct Classification
a) Keratinoid cuboidal, Puedostratified, Melanocites Simple Columnar.
b) Simple cuboidal, Simple Columnar, Simple ssquamous,
quamous, Stratified squamous.
c) Striated,
ted, Non striated, Cardiac
d) Ciliated cuboidal, stratified squamous, extrace
extracellular
llular matrix, squamous
epithelium
Ans:_____________________________________________________________
Ans:_____________________________________________________________
12. To avoid infection after reviving a puncture wound to the hand. You should
always
a) Go to the immunization centre to receive a tetanus shot
b) Be treated with an antibiotic C if the wound is painful.
c) Ensure the no foreign object has been left in the wound.
d) Wipe the wound with alcohol unless it iis still bleeding.
Ans:_____________________________________________________________
Ans:_____________________________________________________________

13. Identify vascular tissues among the following.

14. Compare the features of the following cells and complete the table.

15. Analyse the information given below and identify the tissues.

16. Complete the following worksheet based on the diagram and hints.

a. Transports food prepared in the leaves to various parts of the plant.
b. Transports water and minerals absorbed by the roots to the leaves.
c. Seen in the tender parts of the plant.
d. Only the corners of the cell walls are thick.
e. Cells that are uniformly thick all over the cell wall are seen.

17. Based on the indicators, analyse the information given below write your inference

 What are the important tissues that the stomach and the intestine are made up
of …………………………..
 Organs combines to form …………………………..
18. Complete the following table by finding out the systems to which the organs
listed in the table belong to

19. Let us reflect,
Given below in the illustration are various tissues related to the
structure of hand.

Observe the illustration and write the alphabet suitable to each statement.


provides support, protection and shape:

_____________



covers the body parts :

_____________



transports substances :

_____________



helps to respond by recognizing changes:

_____________

20. Find out whether all these cells have common structure and function or they have
different functions?

Nerve cells

Blood cells

Bone cells

Muscle cells

Ans:_____________________________________________________________
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TASK 1 -: CONSEQUENCES TEST
Instructions
When you read the following instructions, be attentive and give a silent reading side
by side.
1. Under this task you are told some events which appear just impossible. You
have to imagine what would happen if this incident takes place.
2. Think carefully and prudently. Write down all the ideas that come to your
brain
3. A duration of 15 minutes is fixed for this task. Please stop writing immediately
after I say “ Time is over” or ring a bell.

I.

a). What would happen if there is no land on the earth?
b). What would happen if there are no bones in human body?
c). What would happen if there is no air on the earth?

TASK 2: UNUSUAL USES TEST
1. You will be presented some ordinary and common things. They can be used in
variety of novel and unusual ways. You think and write those avenues.
2. Please contemplate and write the maximum number of uses you can think of.
You should write such unusual uses as no one of your group could think of.
3. Stop writing immediately after I say “ Time is over” or ring a bell.
4. Write your responses according to the following example.

I.

Write various uses of the followinga). Finger nail
b). Water
c). Leaves of plants and trees.

TASK 3 : NEW RELATIONSHIP TEST
1. You would be given pairs of two words which are, some how or the other,
similar and akin to each other. You have to think of various types of new
relationship between them.
2. Please write all the novel and original relationship between the two you alone
can think of and which cannot be thought of by any other person of your
group.

I.

Write new and novel relationships between the following pairs of words
a). Sugar and salt
b). Oil and water
c). Dog and cat

TASK 4: JUST THINK, WHY’ TEST
Instruction
1. You would given some questions under this tasks. You have to think of their
various causes. Please think of such a variety of new and original causes as
cannot be thought of by anyone of your group.

I.

a). Under the conditions palpitation of heart shoots up?
b). What are the reason for Non germination of the seeds?
c). Under what conditions a man cannot express himself?

SCORING SHEET
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Item No.
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