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CHAPTER- I

Introduction

Throughout my years of teaching science I observed that students lacked motivation

and drive to be successful in science class. Especially in the rural areas, students

consistently struggle to grasp science concepts, frequently form their own

misconceptions, and have little to no experience with the many lopics covered in

science.

Project based learning (PBL) is teaching strategy that is regaining the spot light in the
educational field. Weil (1994) addresses the fact that in order to keep teachers and

students inspired in education, new methods in teaching need to be constantly adjusted

to stay current. The concept of project-based learning is not new. but is gaining

attention in the educational field once again.

John Larmer, who is an editor in chief at the Buck Institute for Education, has summed

up PBL's basic premise as a student led open-ended authentic project that emphasizes

the growth of knowledge and core competency skills like collaboration, creativity and

critical thinking (2014). Jones. Rasmussen and Moffitt (1997) describe project-based

learning as complex tasks that are authentic, curricular based, problem solving.

examination and decision-making. Solomon (2003) expands the definition by including

that PBL is often interdisciplinary and involves collaboration and reflection. Grant

(2002) depicts PBL, as student centered learning where learning is not a linear road of

specific learner outcomes, but instead an open and flexible approach where multiple

subjects can cross. Through inquiry, students are able to collaborate and develop their

own learning instead of led by teacher instruction. Since PBL is learned through

inquiry, students pursue knowledge through reflecting and asking questions. In order

for students to begin to ask questions, they must be intrinsically motivated in order for

a reflection to occur. As mentioned by Moursund (1998). students have a voice and

control over how they “shape their projects to fit their own interests and abilities. This 
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allows students to create content that may be more meaningful and memorable to the

student, which begins to also suggest mastery learning

Studies done from Project based learning have shown great success within creativity.

motivation and problem solving abilities, but also have shown negative impacts on

student academics, and an increased perplexity as subjects become more absnaCt
(Scafia& Wooster, 2004). Even with many studies completed, PBL is still questioned

on whether it is a valid learning approach. More specifically, PBL is challenged on

whether it is successful within all school subjects and grade levels. PBL is an extremely
intriguing approach to learning. While students study using PBL, a big component of

their studies arc performing problem-solving activities. Carbonell (1985). defines
problem solving as "transferring knowledge from past problem solving episodes to new

problems that share significant aspects with corresponding past experiences - and using

the transferred knowledge to construct solutions to the new problems." (p. 3).

Project-based learning has the reputation to increase academic results (Branch. 2015)

and also improve a student's schooling experience (Collier, 2012). Schooling

experience has many attributes attached to it. such as individual confidence, learning

attitudes, dealing with peer pressure and an increase in social skill competencies

(Filcik. Bosch. Pederson. & Haugen. 2012). PBL constantly uses communication and

collaboration to help increase skills that impact the overall experience of a student's

journey through school (Smith. Duncan & Cook. 2013).

Need of the Study-

In the dawn of our new 21st century learners, the educational field has been called upon

to keep up with the learners of today. Alberta Education (2010). Inspiring Action on

Education has pointed out "students should be able to access instruction in a variety of

settings, times and at a pace that reflects their individual needs (p. 5).'*With many

changes occurring, why is PBL being called upon to help drive the new era oi

lcarning?Traditional teaching is often perceived as teacher led. rote memorization and

student recall. Traditional assessments are based off of modeled work in class that can

he reciprocated by students. Student-centered teaching is student led. where theis a
facilitator in knowledge. Learning outcomes are more open with focus on school 
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content, however other competencies such as collaboration, the use of technology, and
problem solving skills are developed as well. Since the education is student led. this
opens the door to the differentiation and individualization of instruction, along with
more opportunities for higher-level thinking.PBL naturally aligns itself with many of

the principles associated with student-centered education. Students can create, reflect.
collaborate, problem solve and share responsibility in their learning. PBL has the

ability to personalize education, which would also lit into Alberta Education’s goal for
inclusive education.Many academics such as McRae (2010) and Peters (2009) share the

viewpoint that education needs to be transferred from the industrial model ofcducation.

to personalized learning so that the specific areas of strengths and weakness from

students can be addressed and adjusted. Once adjusted, individual learning can be based

off of the student’s specific needs. As described by Keefe (2007), today’s education is

focusing on the personalization of school to the student, compared to a factory of mass

education.Learning in the 21st century requires relevant and empowering experiences

for all young students. There is a need to broaden what students learn, when they learn.

where they learn, how they learn, and the rate at which they progress in achieving

learning outcomes. Personalized learning involves the provision of high-quality and

engaging learning opportunities that meet the diverse needs of all learners, flexible

liming and pacing, through a range of learning environments with learning supports and

services tailored to meet their needs. “Project Based Learning is so important because it

involves the whole child’’ (Burton. 2014). When judging the effectiveness of PBL. one

would have to understand that PBL reaches various learning outcomes and skill

sets.When assessing the effectiveness of PBL. academic results are a good indicator to

measure success. However. PBL also can affect skill sets and attitudes that may not be

measured using standardized testing. One of the major positive attributes associated

with PBL is the engaging and motivating factor that encapsulates learners. Ames

(1992) discovered that students who possess a motivational drive that focuses on

learning and mastery of subject matter have a higher potential to stay focused with

schoolwork than students who merely complete assigned work. Additionally.

Blumenfeld et al., (1991). points out that PBL has variety, student choice and authentic

problems that promote students interest in a topic.When comparing PBL to traditional

leaching methods, students advance their own understanding of a driving question of a

specific topic with PBL. compared to a lecture that is to be reciprocated on what a

teacher modeled. Reciprocated steps can be easily forgotten and lead to students falling 
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behind in their grade level .common frustration that teachers experience is re-teaching a
concept that has already been covered in previous courses. A prime example is re­
teaching addition and subtraction of fractions throughout grades seven to grade twelve.
rhe frustration stems from students not retaining content as they progress from grade to
grade.PBL helps increase the retention of knowledge in students. Since many courses build on

previous knowledge, it is beneficial for students to be able to retain course curriculum for

future expansion.With the use of technology, students can interact with others online, and

educators can interact with guest presenters that would never have made a presentation in

person. Using technology, like Skype, allows both educators and students a chance to ask

notable specialists questions that can both hook student's interest or help lead inquiry based

lessons. Using the Internet during projects, students can look for information by reading

websites and blogs or watching videos. Having multiple perspectives or ways of explaining a

concept and twenty-four hour access to information allows students to inquire when they have

questions or are ready to Icarn.Giving students the opportunity to research, inquire and

presenting requires them to physically move around as well. Using project-based learning

allows students to move, collaborate and gives students a chance to get out of their desk.

Movement while thinking stimulates engaged thought, and prolonged critical thinking

moments. Prolonged critical thinking can bring extreme satisfaction into learning.

Joy of Icarning.As students' progress through education, it feels like there are fewer students

who thoroughly enjoy learning. One could make this assumption by looking at the sheer

amount of educational articles written about increasing student motivation or improving

behavior

PBL offers students a chance to use technology, create and truly be innovative in their

presentation or collection of knowledge. In return, this engagement brings back a passion to

learning.ln summary. PBL has high hopes for increasing student academics and behavioral

issues. Students who inquire about issues that arc authentic and relevant can increase their

motivation, which brings prolonged critical engagement and fun back into learning. PBL helps

with many learner profiles by allowing students to have a voice through outlets like technology.

or extra time to process a concept.
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Chapter- II

Review of Related Literature

Project-based learning (PBL) is an active student-centered form of instruction which is

characterised by students’ autonomy, constructive investigations, goal-setting.

collaboration, communication and reflection within real-world practices. Project-based

learning (PBL) is a student-centered form of instruction which is based on three

constructivist principles: learning is context-specific, learners are involved actively in

the learning process and they achieve their goals through social interactions and the

sharing of knowledge and understanding (Cocco, 2006). It is considered to be a

particular type of inquiry-based learning where the context of learning is provided

through authentic questions and problems within realworld practices (Al-Balushi& Al-

Aamri, 2014) that lead to meaningful learning experiences (Wurdinger, Haar. Hugg.

&I3ezon, 2007). Blumenfeld, Fishman, Krajcik, Marx, and Soloway (2000), for

example, described the process of project-based science as follows: The presumption is

that students need opportunities to construct knowledge by solving real problems

through asking and refining questions, designing and conducting investigations.

gathering, analyzing, and interpreting information and data, drawing conclusions, and

reporting findings, (p. 150). PBL as a form of instruction has clear connections with

other pedagogical approaches, such as problem-based learning among others (Helle.

Tynjala, &Olkinuora, 2006). The focus in both is for participants to achieve a shared

goal through collaboration. In their engagement with a project, students can encounter

problems which need to be addressed in order to construct and present the end product

in response to the driving question. The main difference between the two is that

whereas students in problem-based learning are primarily focused on the process of

learning. PBL needs to culminate in an end product (see also Blumenfeld et al.. 1991).

PBL has also been compared with other pedagogical practices such as experiential or

collaborative learning. As Helle ct al. (2006) argue, project work is a collaborative form

of learning as all participants need to contribute to the shared outcome and has elements

of experiential learning with active reflection and conscious engagement rather than

passive experiences being essential.

10



It has been argued that the freedom and challenge that students experience as a result of
solving the problems that arise in designing and building their projects result in high
levels of studentengagement (Wurdinger et al., 2007) due to the cognitive challenge as
well as the strong affective, ethical and aesthetic dimensions that form part of a well-

designed project (Wrigley, 2007). Thomas (2000) identified five essential
characteristics of projects: (1) Centrality, (2) Driving question, (3) Constructive
investigations. (4) Autonomy and (5) Realism, with the importance of student
collaboration, reflection, redrafting and presentations emphasised in other publications

(Kwon. Wardrip& Gomez. 2014; Patton, 2012). The uniqueness of PBL is the

construction of an end product, a ‘concrete artefact’ (Helle ct al., 2006) which

represents students’ new understandings, knowledge and attitudes regarding the issue

under investigation often presented using videos, photographs, sketches, reports,
models and other collected artefacts (I lolubova, 2008).

It is argued that it can help foster self-regulated learning and can promote pupils’

conceptual knowledge within a systematic process of documenting and reflecting on
learning (Barak. 2012).

Students learn to be self-reliant through goal-setting, planning and organisation; they

develop collaboration skills through social learning and become intrinsically motivated

by being encouraged to exercise an element of choice while learning al their own level
(Bell. 2010).

Other studies have shown higher learner motivation in a PBL environment, with 14-

and 15-year-old girls in Israel showing increased interest in learning scientific-

technological subjects (Barak and Asad. 2012). PBL as related to STEM (science.

technology, engineering and math ematics) curriculum design for female senior high

school students in Taiwan led to gains in terms of enjoyment, engagement with the

project and the ability to combine theory and practice effectively (Lou. Liu. Shih. &

Tseng, 2011). This study was an in-depth investigation of 84 students’ cognition.

behavioural intentions and attitudes in the project-based STEM environment and

involved text analysis and questionnaire survey as the main data collection tools.
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L.ncouraging results were also reported with high school high achievers in Israel where 60

students

from three experimental classes in comprehensive high schools exhibited a significant increase

in formal technological knowledge and skills and more positive attitudes towards technology in

comparison with the students in the three control classes which were drawn from technological

high schools (Mioduser&Betzer, 2008). However, the different types of schools involved

suggest differences in student take-up and characteristics and indicate an unequal student

comparison which limits the strength of the findings. Some studies have shown mixed results.

In order for PBL to be effective, teachers need to make the shift from the traditional
teacher-centered classroom to a student-centered classroom. According to Park Rogers,

Cross. Gresalfi, Trauth-Nare& Buck (2011). teachers with a strong content and teacher­

centered approach can have a difficult time making this change towards PBL. Teachers

who emphasize process more than content tend to make the shift more readily. A

teacher's values heavily influence the case or difficulty they experience when shifting

to PBL. Of note in this case study of three teachers implementing PBL in 9th grade

science classrooms, is the finding that if a teacher relics on old teaching strategies when

implementing PBL, there may not be a substantial change in the way they teach despite

taking on a new curriculum. This study also notes that all teachers need quality

professional development, structural support, and administrative backing in order to

make the shift from a traditional teacher-centered model to a student-centered PBL

model. The benefits outweigh the costs ultimately as the goal of PBL is to increase

student engagement, student inquiry, and the ability of students to think and reason

critically.

Another issue for teachers in undertaking this type of instruction in the classroom is the

need to focus on developing a strong sense of community among the learners in order

to foster successful collaboration during PBL. In a study by Crawford (1999). the

author suggests that teachers play a “central role in facilitating collaboration"

(p.720).Teachers need to learn how much direction to give and how much

responsibility to turn over to students. According to this study, the most effective types

of teacher direction include clear project timelines as well as explicit descriptions of

teacher expectations for student products. Also, student groups need to be allowed to

make decisions on their own in order to develop group interdependency.
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For students. the shift towards PBL may bring up other issues in the classroom. In
traditional classrooms, students' progress through learning experiences under the
direction of the teacher. It is assumed that content knowledge is acquired along the
way. and the student is tested on their knowledge towards the end of the learning
experience. Because of the student-centered approach in PBL. students take on more of
the responsibility for their learning when compared to traditional teaching. For students
who arc unused to this approach, issues may arise. Similar to Crawford (1999),

Markham (2003), states that it is important to help students develop group skills.

understand how to participate in cooperative learning experiences and use self
monitoring techniques prior to initiating PBL in order to avoid negative outcomes early

on in the process. The focus is on much more than just the content. Motivation to stay

with the project may come up as students initially participate in PBL. A study by Lam,

Cheng & Ma (2009) demonstrated the importance of instructional support on the part of

the teacher. The results of this study suggest that if students perceive higher

instructional support from the teacher, they experience higher intrinsic motivation

during the course of the project. This points to the importance of attending to teacher -

student interaction during PBL in order to improve learning and motivation.
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The Project

OUR SUN AS A SOURCE OF ENERGY

1. Introduction

At secondary and high schools the chalk talk method is used most often. Project work
is not included in the curriculum. Project work leads to an interactive learning

environment. The learners are divided into groups, a specific task each group has to

solve which may include out-door experiments and observations. Projects at high

schools represent mostly a background search of an interesting problem or a topic. This

is not the project-based learning where projects arc included in the curriculum. Project­

based learning (PBL) is an instructional methodology in which students learn important

skills by doing actual projects. Students apply core academic skills and creativity to

solve authentic problems in real world situations. Students use a wide range of tools

and the culminating projects are tangible and observable artifacts that serve as evidence

of what the students have learned. Student-produced videos, artwork, reports.

photography, music, model construction, live performances, action plans, digital stories

and websites are all examples of PBL artifacts. Project-based learning is based on the

constructivist learning theory, which finds that learning is deeper and more meaningful

when students are involved in constructing their own knowledge. Students are given the

opportunity to select a topic that interests them within the required content framework

and then they are responsible for creating their project plan.Rather than a lecturer.

typically, the teacher’s role is that of an academic advisor, mentor, facilitator, task

master and evaluator.

2. Elements of the Project

• Constructivism.

• Motivation Theory,

• Inquiry-Based Learning

• Cooperative Learning

• Individual and Collaborative Problem Solving.

• Peer Instruction.

• Problem-Based Learning.
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3. The Project - “OUR SUN AS A SOURCE OF ENERGY”
The Sun—our nearest star

Energy of the Sun—where we can find it?

Interdisciplinary relations-physics (energy, energy transport, electromagnetic
radiation), Geography(environment, hydrological cycle), chemistry (photosynthesis),

biology (plants and biomass), geology (water), ICT-power point presentation.Solar
energy can be used to heat our homes, heat water, cook our food, and power our lights.

Reflected by Reflected Reflected from

EARTH'S ENERGY BUDGET

4. Topics that can be studied

1) All about the Sun—our star in the past and the future; (A Video will be shown)

(2) Physics of the Sun (weight, radius, temperature);

(3) Thermonuclear reactions;

(4) Radiation;

(5) Motion of the Sun;

(6) What is photovoltaics?

(7) Some advantages and disadvantages of photovoltaics

(8) Sun as a source of renewable energy

5. The project comprised of four experiments focusing on the following topics:

• The purpose of the experiment
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• The materials and equipment you will need to do the experiment
• How to assemble and conduct the experiment
• What you may see during the experiment
• How the specific energy type works.

Below are given the experiments which were part of the project:-

1. MAKE YOUR OWN SOLAR OVEN

This will be the first day of model designing, and students will choose to design a model that

collects solar energy . Students will collaborate to learn the design, and recreate the physical

model. Groups should assign roles to each member to practice collaboration towards a common

task

2. Experiments with solar cells (Conversion of Solar Energy into Electrical
Energy)

The aims of the experiments of electricity studies arc:

(1) Understanding the way in which the plugging system works;

(2) Getting to know the solar cell as a power source;

(3) Comparing important effects of the circuit types series and parallel connection:

(4) Getting to know different electric users.

The aims of the experiments of optics are:

(1) Illustration of the solar cell’s dependence on light;

(2) Getting to know the different types of radiation;

(3) Visual understanding of colour systems;

(4) Understanding of various optical delusions

3. Sunlight (Solar Energy) is essential for Plants (Autotrophs)

Photosynthesis is a physiological process of green plants. One of the important factor

required for photosynthesis is sunlight. An experiment can be conducted to prove the

importance of sunlight for this process.

4. To show transpiration in plants in the presence of sunlight

Plants leaves have openings structures in their lower and upper surface known as stomata

through which gases exchange. This process is known as transpiration. The process of

transpiration can be experimentally verified easily.
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Chapter IV- METHODOLOGY

The project method is one of the significant methods in science teaching and learning.
It helps in developing all the three domains viz. Cognitive, Effective and Psychomotor
and thereby helps in developing all round personality of the child.

In the present project on “Sun as a source of energy”, students learning will be

promoted through the following tasks/activitics:

1. Learning by doing with the help of real objects

2. Learning by experimentation

3. Learning through peer group discussion

4. Learning with the help of mentor/ teacher

1. Outcomes of the Project (Learning Outcomes)

• To explain sun as source of energy

• To describe different forms of energy and conversion of solar energy in thermal.
electrical and chemical energy

• To demonstrate the conversion of solar energy into thermal energy with the help
of an activity.

© To demonstrate the conversion of solar energy into electrical energy with the
help of an activity.

• To demonstrate the conversion of solar energy into chemical energy with the
help of an activity.

• To develop social, communication skills and values.

2. Sample for the Study

The research was conducted at Govt. Model Higher Secondary School, lechawar Block.

DistrictSehore. The respondents of the study were the two sections of the Class
Xcomprising of 80 students, wherein the researcher conducted the project based

learning technique. Mostly students belonged to economically backward class. I he

school did not have well equipped labs and computer facility. Students did not have

access to technology. Due to the above points implementing PBL was a challenging

task.
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3. Research Design

I hc methodology for the project was interpretivist qualitative research based on an
exploratory case study to examine school students engagement and reflections on PBL
approach and completing specific project tasks given to them. The research employed a
paper based survey of students engagement and scientific knowledge, self-reflection of

learning followed by open ended questions and observations to verify students
understanding of the scientific concepts and reflections in the project. The survey items
were designed through a workshop of experts in the field. After each task of PBL,

students completed the open ended questions associated with each task given in the

manual. At the end of completing all the project tasks,students completed the survey.

4. Tools

This research made use of the following data gathering instruments:

1. Student Reaction Scale

2. Self-Reflection of Learning

3. Open Ended Questions for discussion

4. Project Report collected from each group
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CHAPTER V -Day wise Activities
Key Area 1: Sun Our nearest star
Day 1

First day of PBL comprised of students being divided into groups. Ten groups of eight
students were formed. Students were asked to name their groups by the name of a

scientist of their choice. All students enthusiastically participated in this process and
choose different scientists names from their groups. A group leader was selected from

each group democratically. Students were also asked to prepare badges of their choice

for each group. A poster competition was also announced on the theme “Our Sun”.

A brief documentary on Our Sun was shown to the groups. After the documentary

finished each group was asked to discuss among themselves and reflect on the

documentary.

Students watching a brief documentary on “Our Sun” in the PBL class
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Discussion in the classroom about the documentary

After this in order to become familiar with the students some warm up activities

wereconducted. These activities comprised of why does a candle extinguishes when

covered with glass.

Necessary material to conduct these activities was supplied to each group. Students

were asked to perform the experiment within their groups and discuss on the results

obtained. After all the groups finished the experiment and also their discussion within

the group, the instructor asked one student to present their observations and also to

reflect on the possible cause behind the observations.

Key area 2: Project task 1: Make you own solar oven

Day 2

Second day of PBL started with presentation of the badges and posters by each group.

Every member of the group was asked to wear the badge prepared within each group.

The theme for poster making was again “Our Sun”. All the posters were displayed on

the wall of the classroom.
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Different groups with their badges
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Posters displayed by each group
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Posters displayed by each group

Posters displayed by each group
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Project Taskl
Now it was time to start with the project related activities. First task of the project was
to make your own solar oven and test it. A kit comprising of required material to make
the solar oven was distributed to each group along with lab manual comprising of steps
to be followed to make the solar oven and discussion questions related to each task was
given. The manual comprised of all the tasks to be completed under the project “Our

Sun” and also discussion questions which were conceptual in nature to discussed within
the groups and their answers to be written neatly in a separate sheet of paper. The

manual also comprised of plenary questions to be discussed among groups at the end of

completion of the task. The manual given in Appendix A was meticulously prepared

through a three days workshop comprising of experts from different fields of science.
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Students in the PBL class completing Project Task 1
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Students displaying their final models of Project Task 1

Key area 2: Conversion of Solar energy into chemical energy

Day 3: Project task 2: Sunlight (Solar Energy) is essential for Plants (Autotrophs)

Day 3 was assigned for project task 2 which was examining that during photosynthesis

plants release oxygen in the presence of sunlight. All necessary material was distributed

to each group as mentioned in the manual.
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Distribution of hydrilla plants to each group

Different groups were given different sets of tasks to complete as mentiond below

1. Hydrilla kept in dark

2. Hydrilla kept in sunlight

3. Hydrilla kept in dark with baking soda

4. Hydrilla kept in sunlight with baking soda

5. Hydrilla kept in shadow with baking soda

6. Hydrilla kept in shadow
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Different tasks assigned to different groups under project task 2

Different hydrilla set up

34



Hydrilla set up kept in sunlight

Students examining their hydrilla set ups
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Students examining their hydrilla set ups

After completing their experiment a discussion on the observations in different set up

was done. Many questions were raised like are there air bubbles in your set up? If yes

why if not then why? Which set up has more air bubbles? Can we count the number of

bubbles? After two hours all the experimental unit were inspected to find out the test

tube which was more than half filled with gas bubbles, facilitator raised the

question,let’s try to identify the gas in these bubbles in the test tube. Facilitator showed

the students that a lighted incense stick when inserted in the test-tube with its mouth

tightly closed lights up instantly which shows the presence of carbon dioxide gas in the

test tube. This activity showed the students how gas evolution occurs in presence of

sunlight.

Key area 4: Conversion of solar energy into electrical energy

Day 4: Project task 4: Solar Powered Fan

Day 4 was assigned for project task 3 which was making a solar powered fan. All

necessary material was distributed to each group as mentioned in the manual.
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Students making the circuit of solar powered fan

Following tasks were completed:-

Students were asked to draw the circuit diagram of connecting the solar powered fan.

They checked the current and voltage rating of solar panel provided in the kit.

Students also checked the open circuit voltage Voc and short circuit currentlscusing

Multimeter provided in the kit.
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Students checking their solar panels

Final product displayed by the students- Solar Powered Fan

After completing their circuit students were asked to note down their observations and

discuss within their groups. A discussion was then conducted among different groups 
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on how to make a closed circuit, how solar panels can be used as a source of electrical
energy and how solar energy as a renewable source of energy can be used in any area.

Key area 5:

Day 5: Project task 4: To show transpiration in plants in the presence of sunlight

Project Task 5: Sunlight is essential for starch formation in leaf during
Photosynthesis

Day 5 two activities were completed one was to observe transpiration in plants in the

presence of sunlight and other was examine the process of photosynthesisin the

presence of sunlight. First activity conducted was to observe transpiration in plants in

the presence of sunlight. All necessary material was distributed to each group as

mentioned in the manual. For the first activity students went outdoor and tied

transparent polythene bags to cover the leaves of some plants. Some of them tied

polythene bags to cover the leaves of plants coated with Vaseline. The difference had to
be observed.

Leaves tied with polythene bag
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Students coating Vaseline on the leaves of plants

Water droplets visible on the polythene bags
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After finishing students returned to their classes and discussed among themselves and

then discussion within the groups was conducted.

Sunlight is essential for starch formation in leaf during Photosynthesis

I
The necessary set up for performing the experiment was distributed to each group. A.
potted plant was kept in complete darkness for five to six days. Similarly a potted plant
was kept in sunlight for five to six days. Leaves of these plants were pluck and

I
distributed to the students using which they had to perform the experiment. Details of

the experiment were already given in the instruction manual given to the students. 1

Before students started the starch test they were asked to perform the iodine test on

different food materials like wheat flour, peanuts etc.

Potted plants whose leaves were tested for presence of starch
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Iodine test done for different food materials

Student cutting a leaf for boiling

42



Double boiler method used for boiling the leaves

Destarched leaf
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Tested leaf for the presence of starch

After finishing the experiment each group discussed among themselves the possible

cause of their findings. Also within the groups, a discussion was conducted on why did

the leaf colour change for some leaves when iodine solution was added to them.

Day 6: Presentation by the students

Each group was required to write a research report (format given in Appendix B) and

present the overall project “Our Sun”. The rubrics for presentation are given in

Appendix C and D.
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Chapter VI

RESULTS AND DISCUSSION

We looked at three sources of data to answer the final sub question “To what extent

does PBL promote the learning in the high school science classroom?'The first source

of data was a teacher checklist that we used on each of the field studies. My goal with
the checklist was to monitor how well students were using the class constructed

protocol and their level of engagement in taking data. Our focus was on students

completing each task assigned to them appropriately, and also to record observations

related to each task and understand the application of the task. With regard to the

protocol, initially our data showed that 100% of the students followed the protocol on

the five project tasks given to them. I was specifically looking at how quietly students

were able to approach and complete all the tasks that were given to them under the

project. It was amazing the enthusiasm of all the 80 students in completing the project

task given to them. Throughout all the project tasks, students were actively engaged in

recording data. When you arc providing hands on experiences, students are able to

drive their own learning through questions, and are allowed to investigate different

solutions students' scores are higher and students are able to retain those skills because

they truly understand the concepts.As we take a closer look at the Next Generation

Science Standards it is only fitting to provide instruction with a project based learning

framework because it does allow for students to develop an in-depth understanding of

content and develop key skills such as. communication, collaboration, inquiry, problem

solving, and flexibility, that will serve them throughout their educational and

professional lives. This research project was created using in mind that students

understand the concept of Sun as a source of energy and its different applications. In

the NCERT science textbook of Class X different chapters on photosynthesis, electric

circuits, our environment and sources of energy is given. Through this project we have

tried to integrate the various concepts given in these chapters in a single project which

we had entitled OUR SUN .The PBL students were assigned to research the essential

question, "How can we utilize energy from the Sun?"

We needed to know did students enjoy this process of learning. Table 1 gives the self­

reflection of learning of the students.
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Table l:Result of Self Reflection of Learning:

After PBL

A survey on students’ engagement and scientific knowledge was conducted to verify

. O')

1 understood the task.
• 1 am happy with what 1 learnt.

• 1 felt 1 learned more as 1
investigated/was presented

information.
• 1 would like to learn this way

again.

76%

J

1 am unsure of how much 1
understood.

o I had a difficult time at first with
the investigation/unit.

o | have more questions.
o 1 need more practice.

• Willing to learn this way again.

22%

1 didn't understand this way of
learning.

o I needed a lot of help.
o 1 would like to learn the way 1 am

used to.
• 1 do not like learning this way.

2%

students reflection about the project. Thirteen items were selected for the survey and
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the school students were asked to indicate on a 5 point scale (5=almost always. 4-
frcquently, 3=Occasionally, 4=Seldom. 5=Never)

Statement Almost
always

5

Freque
ntly

4

Occasi
onally

3

Seldom
2

Never
1

- Provides enjoyment in
learning

79% 18% 3% - -

Working in a small group
with a mentor helped to
learn

48% 42% 8% 2%

Easily develops science
concept and processes

80% 18% - - -

Develop critical and
creative thinking

47% 39% 6% 8% -

Promotes learning
through peers and
collaboration

65% 19% 16% - -

Provides an opportunity
to correlate the subject
matter in real life
situation

22% 36% 18% 24%

Provides an opportunity
to work in groups

40% 32% 7% 21% -

Give freedom to plan and
perform own learning in
own ways

58% 28% 8% 6% -

Helps in developing
practical skills

52% 30% 8% 10% -

Involves in life-like and
purposeful activities to
promote learning

55% 32% 11% 2% -

Promotes learning by
doing

63% 34% 3% - -

Provides a real and direct
experience.

34% 43% 15% 8% -

helps to develop social
skills and values among
the students

50% 32% 7% 11%
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In this project, school students engaged in the activity in groups often students. Each

group was given all the necessary component to complete the project tasks and were

encouraged to use their logical reasoning and trial and error to complete a given project
task. Different items of the survey are displayed in Table 2. According to the data given

above 97% of the students enjoyed the PBL approach. This was in agreement with the

item mentioning that working in a group with a mentor helped them to successfully

complete their tasks (90%). It is worth mentioning that87% of the students also found

these activities to be purposeful and linked to their daily lives. The students

experienced a different way of science learning through working in groups and

collaborating with peers which give them a totally new learning experience. This

different learning experience provided the students with new perspectives on science

learning. In addition students developed their collaboration and communication skills.

They learnt that collaboration helped them to complete the tasks in an enjoyable
environment.

The learning experiences provided by PBL are relevant to the National Curriculum

Framework 2005 that aims to engage students in meaningful learning experiences. The

students also found that relevancy to their daily lives helped them to understand the

concepts (such as photosynthesis and concepts of electrical circuits). Students

experienced that benefits of working together that in turn stimulated their collaboration

and communication skills. Students were also interested in completing the project and

finding different ways to complete their project task.

In their traditional classes students generally listen to their teacher and follow the

prescribed steps. In the PB1 approach students looked very engaged and also asked

questions to their mentors.

Students showed that they understood the concept of energy conversion, how plants

make their food in the presence of sunlight, how electrical circuits work, and principles

of energy conversion.

As expected, students collaborating skills improved as they gained more experience of

working in groups to complete the different project tasks. Initially, students had a tough

time in working with groups and participating in group discussions, which gradually
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improved. As the final source of data, we were curious to know if the students would

be able to understand different science concepts related with the project and their

application. For this purpose each group had to answer a set of questions given in the

instruction manual which were related to the scientific principles associated with the

task, observations taken and application of those principles to their daily lives. Some

sample answers are given below' which demonstrate conceptual understanding among

the students.
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This study provides evidence that project based learning in the high school science

classroom is an effective instructional approach. Specifically, PBL is valuable for

promoting understanding of key concepts in science and for learning and using

scientific practices. Students voiced very positive attitudes towards doing project tasks

as part of their science instruction. Students who participated in project based learning

for this study learned the major concepts ofcvolution within the meaningful context of

a biodiversity field study. Many principles related toLife processes. Electrical Circuits

are often difficult for students. When all these principles were integrated under a single

project “Our Sun" students could easily make a connection between different

phenomena. By completing the project tasks and gaining the skills to record and

analyze data on different tasks, students were able to construct their understanding of

the several concepts of the high school science curriculum. From the student's

viewpoint, this is a very different experience than reading about different concepts in a

book, doing simulation activities in the classroom, or watching a video about the Sun.

These arc all valid modes of instruction, but have so much more meaning for the

student when they are paired with or replaced by engaging in the actual science.B\

gathering their own data and then usingthat information to make a contribution to a

real-life problem, students are drawing on a variety of skills from other disciplines an<J

using higher order reasoning to accomplish the task. By engaging in this project. the

students experienced a sense of gratification as they realized that their ideas were

valued and that they were actively involved in trying to make the world a bettCr 



place.The many advantages to this instructional approach include: contextualizing and

establishing a purpose for learning, creating a shift in the teacher’s role from being an

expert to being the facilitator, and developing a stronger sense of classroom

community. It also lays the foundation for future science inquiry .This context made the

abstract more concrete and will provide a strong foundation for the students’ future

study of physics, chemistry and biology. Additionally, the “real world” application

embedded within the project was equally as important for creating a purpose for the

learning and keeping students engaged and motivated.
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Chapter VII

Implications of the Study

In the light of the findings and conck.-s;on.of this research, the following

recommendations are herebypresented;

1. It is necessary to provide in-service teachers instruction (seminars) and prepare

sample projects with proposals how to develop, run and evaluate interdisciplinary

projects.Projccts are important “real-world” science modules, modern science and

everyday life problems can be integrated into the high school curriculum. It is

necessary to educate pre-service teachers also in these approaches stressing the

importance of the own activity of students, in competences how to create an

interdisciplinary project.

2. The aim of the outcome of the research is to help in-service teachers. The best way to

do it is to prepare projects that can be used at all school levels. These projects contain

an instructional manual, the overview of the physical background of the problem.

students activities, experiments, work sheets and evaluation.Teachers and laboratory

manual writers should be encouraged to use and design moresample projects.

3. To find effective teaching methods and create a curriculum according to the

requirements of the teaching and learning for the 21st century. In-service teachers are

not really prepared for the new way of teachi ng. 1 leads of academic institutions must be

encouraged to sponsor or conduct seminars and trainings on PBL using experts on the

field as a part of their faculty development program.

4. Project-based teaching and learning can be a part of our motivation activities. Il can

be shown that science is irreplaceable for the progress of our society, because modern

technology involves various principles of science, also to the development of thinking

skills and understanding. The future employment market will request people with skills

that can be developed only in natural science.

54



4. A replication of the study by using bigger sample and more number of items in the
achievementtest providing more items on analysis, application and synthesis should be
conducted toascertain the same results.

5. Further researches must be done to test the effectiveness of project based learning in

various topics of science at different levels of the curriculum.
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Chapter VIII

SUMMARY OF REPORT

The study developed a project based learning method to determine its effectiveness in
developing science concepts at the high school level. The research was conducted al
Govt. Model H.S. School, Icchawar Block, Sehore. The respondents of the study were
80 students of the Class Xth students wherein the researcher conducted the project

based learning approach.We created an interdisciplinary project from Class X Science
Curriculum on the topic “Our Sun” to imbibe the concepts of photosynthesis.

electricity, our environment and sources of energy. All these topics arc given in Class X
NCERT Science Textbook. Itwas aimed to test if this method made science concepts

visible and meaningful to students.The project method is one of the significant methods
in science teaching and learning. It helps in developing all the three domains viz.

Cognitive, Effective and Psychomotor and thereby helps in developing all round

personality of the child. Studentswere given five tasks along with activities to be

performed under the guidance of the mentor/teacher under the project Sun.

Students were divided in groups of ten and each group had to complete the different

project tasks with help of material and instruction manual given to them. Day wise

activities were assigned to them comprising of different project tasks. Instruction

manual comprising of all necessary steps and actions to be taken for completing the

different tasks. After completing the tasks students had to discuss upon the questions

given in the instruction manual which was followed by plenary discussion among the

groups. Students also gave the answers of discussion questions in writing. After

completing all the tasks on the last day each group submitted a project report and made

a presentation on the tasks completed under the topic “Our Sun".

Research Qucstions/Hypotheses

• How effective is the project based learning approach in developing students'

conceptual understanding in science?

• How effective is project-based learning approach in supporting high school

students engagement and self confidence?
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METHODOLOGY

Ihe methodology for the project was interpretivist qualitative research based on an
exploratory case study to examine school students engagement and reflections on PBL
approach and completing specific project tasks given to them. The research employed a
paper based survey of students engagement and scientific knowledge, self-reflection of
learning followed by open ended questions and observations to verify students
understanding of the scientific concepts and reflections in the project. The survey items
were designed through a workshop of experts in the field. After each task of PBL,
students completed the open ended questions associated with each task given in the
manual. At the end of completing all the project tasks, students completed the survey.

Important findings

The findings focus on student engagement, student self confidence and conceptual
understanding through survey and open ended questions

o The project based learning approach appears to have positively impacted the
school students learning skills.

© Students engaged and developed their self confidence of expressing their ideas
and using their scientific knowledge.

• The hands on activity stimulated their scientific knowledge development
through an inquiry process, asking questions, explaining ideas and applying
knowledge.

° fhe survey results showed that students learnt to develop collaboration skills in
teamwork. More importantly students enjoyed the whole process of learning
and were willing to learn this way again.

o Th is method not only engaged students but also ensured a depth of conceptual

understanding. They were able to connect across different topics across the
science curriculum and not just simply understand physics, chemistry and
biology.
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APPENDIX A

INSTRUCTIONAL MANUAL

“Effectiveness of PBL in Science at Secondary School
Level”

OUR SUN AS A SOURCE OF ENERGY

Outcomes of the Project (Learning Outcomes)

o To explain sun as source of energy

• To describe different forms of energy and conversion of solar energy
in thermal, electrical and chemical energy

• To demonstrate the conversion of solar energy into thermal energy
with the help of an activity.

o To demonstrate the conversion of solar energy into electrical energy
with the help of an activity.

® To demonstrate the conversion of solar energy into chemical energy
with the help of an activity.

o To develop social, communication skills and values.
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About the Project
The project method is one of the significant methods in science teaching
and learning. It helps in developing all the three domains viz. Cognitive,
Effective and Psychomotor and thereby helps in developing all round
personality of the child.
In the present project on “Sun as a source of energy” , students learning
will be promoted through the following tasks/activities:

5. Learning by doing with the help of real objects
6. Learning by experimentation
7. Learning through peer group discussion
8. Learning with the help of mentor/ teacher

You are given three tasks along with activities to be performed under the
guidance of the mentor/teacher. However, at the end you are supposed to
execute another project as given under task 4. This task 4 is to be executed
by you without the guidance of the mentor/teacher using the learning
gained while performing task 1 to task 3.
The detailed tasks/ activities are given in the following pages:
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Task: 1 (Solar Oven)
Concepts involved
1. Sunlight can be converted into thermal energy with the help of a suitable
device.
2. Thermal part of the radiation spectrum can be used to produce heat in a
thermal collector.
3. The thermal conversion process of solar energy is based on well-known
phenomena of heat transfer
4. The upper temperature thatcan be achieved in solar thermal conversion
depends on the insulation, the degree towhich the sunlight is concentrated,
and the measures taken to reduce heat losses fromthe working material.
The Task 1 under this project will require students to perform following
activites
Activity 1: Design and construct a solar oven based on the provided
resources/ material.
Activity2: Discussion Forum (5-6) within group.
Students of the group will be asked to discuss the following questions and
arrive at the answer these questions through the process of small group
discussion during this activity i.e. Discussion Forum.

Q-l Why only aluminum foil is used to cover the inner side of the Hap
instead of

any other material?
Q-2 Why black paper is used in the bottom of the box?

Q-3 Why paper is used for sealing the box?

Q-4 What are the limitations of the device?

Q-5 Can this device is used at night time? If not then why?

Q-6 What can be done to increase its efficiency?

Q-7 What is responsible for heating of food inside the box? Explain the
kind of energy is involved?

Q-8 How the angle of flap responsible for better functioning of solar oven?

Activity3: Plenary Session (among the groups).
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Presentation by each group and final discussion about the questions given
below
Q-l How process of conversion of solar energy into thermal energy has
taken place?
Q-2What factors contributed to the successful cooking of the food?
Q-3 How could you improve your design?
Q-4 What are the practical applications where solar ovens could be used?
Q5- Is the solar oven as an effective wayfor collecting solar energy?
Activity 4
After doing the above activities from 1 to 3 as above, each student is
required to submit a project report based on the above activities/questions
raised.
The format in which project report has to written and submitted is given.

Tasks: 2(Solar Powered Fan)
Concepts
1.Sunlight can be converted into electrical energy with the help of a
suitable device.

2. Solar cells convert light energy into electrical energy
3. Conversion of energy depends on the orientation of the solar cell.

Activity l:Design and construct a solar powered fan based on the provided
resources/ material.

Activity!: Discussion Forum (5-6) within group.

Q-l What is the source of electrical energy in the circuit?

Q-2 What is the effect of light intensity on electrical energy?

Q 3- What is the use of filter?

Q-4 What is the effect of different colors on electrical energy?

Q-5 Draw labeled circuit diagram?

Activity3: Plenary Session (among the groups).
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Presentation by each group and final discussion about the questions given
below
Q-l How process of conversion of solar energy into electrical energy has
taken place?
Q-2 How did the spinning motion change when you covered part of the
solar cell? all of the cell?
Q-3 Which colors slowed the spinning the most?
Q-4 Which colors slowed the spinning the least?
Q5- Can you measure power in the circuit?
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Project Tasks: 3
Activity 1:Sunlight (Solar Energy) is essential for Plants (Autotrophs)

Concepts Involved
1. Light energy is converted into chemical energy in the form of starch

as food
2. Light is necessary for the photosynthesis process for the preparation

of starch
3. Carbohydrates(sugars) are synthesized from carbon dioxide and

water insunlight (solar energy)
4. Light energy is absorbed by chlorophyll pigment in plants
5. Air having CCL and CLenters the plant through stomata of leaves and

CLevolves during the process of photosynthesis in plants

Learning outcomes
1. To demonstrate role of sunlight in manufacturing of food (Starch) by
plants

2. To demonstrate release of oxygen during photosynthesis process

3. Explain Life process in plants takes place in the presence of sunlight
and role of involved plants structures Discussion Forum (5-6) within
group.

Students of the group will be asked to discuss the following questions and
arrive at the answer these questions through the process of small group
discussion during this activity i.e. Discussion Forum.

Activity!: Discussion Forum (5-6) within group.

1. Do you see bubbles coming from the plant sprigs?
2. Could you count bubbles coming out from the apparatus 1,4 and

2,5. Is there any difference you find the rate of bubbles coming
out from all apparatus (Except apparatus placed in dark, please
do not disturb that setup)?

3. What do you think which gas is coming out from apparatus?
How will you identify?

4. Which experimental unit has more air bubbles and why? Could
you find out conditions in which more air bubbles formed?
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Activity3: Plenary Session (among the groups).
Presentation by each group and final discussion about the questions given
below

1. What role does the plant and sunlight play in the entire process?
2. What if plants will not get sunlight?
3. Why do we say plants are necessary for our environment and we

must protect them?
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Project Tasks: 4
Activity 1: Photosynthesis •
Activity?: Discussion Forum (5-6) within group.
What do you understand by the De-starching? How the leaves of plant will
be De-starched?
Why the experimental leaf was dipped in hot boiling water?
Why there is a difference in result of the iodine test in the covered and
uncovered regions of the experimental leaf?

Activity?: Plenary Session (among the groups).
Presentation by each group and final discussion about the questions given
below

1. Glucose is formed during photosynthesis but then why in the above
experiment, test for starch was performed?

2. What is photosynthesis?
3. What conditions are essential for photosynthesis

Project Task 5

Activity 1 :To show transpiration in plants in the presence of sunlight

Activity?: Discussion Forum (5-6) within group.

1. What do you observe in both the covered plant? Do water drops
appear inside the polyethene?

2. Whether all polyethene covered leaves have water droplets inside?
3. Which set up do you find having more water droplets? Could you

say why?

Activity?: Plenary Session (among the groups).

1. Why the experimental setup with leaves having Vaseline coated
have very less or no water droplets?

2. Why the apparatus kept in dark has very less or no water droplets?
3. What is the significance of leaves and sunlight in the process of

emitting water droplets during transpiration?
4. What structures and factors are involved for transpiration?
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OUR SUN AS A SOURCE OF
ENERGY

INSTRUCTION MANUAL

Project Task 1

MAKE YOUR OWN SOLAR OVEN



MATERIALS AND EQUIPMENT

• Cardboard pizza box (the kind delivered pizza comes in)
• Box knife or scissors
• Aluminum foil
• Clear tape
• Plastic wrap (a heavy-duty or freezer zip lock bag will also work)
• Black construction paper
• Newspapers
• Ruler or wooden spoon
• Thermometer
• An adult to help with cutting

PROCESS

Setting Up the Experiment

• Use a box knife or sharp scissors to cut a flap in the lid of the pizza box. Cut
along three sides, leaving about an inch between the sides of the flap and the
edges of the lid. Fold this flap out so that it stands up when the box lid is closed.
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2. Cover the inner side of the flap with aluminum foil so that it will reflect rays from
the sun. To do this, tightly wrap foil around the flap, then tape it to the back, or outer
side of the flap.

3.Use clear plastic wrap to create an airtight window for sunlight to enter into the box.
Do this by opening the box and taping a double layer of plastic wrap over the opening
you made when you cut the flap in the lid. Leave about an inch of plastic overlap
around the sides and tape each side down securely, sealing out air. If you use a plastic
bag, cut out a square big enough to cover the opening, and tape one layer over the
opening.
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4. Line the bottom of the box with black construction paper—black absorbs heat. The
black surface is where your food will be set to cook. How much you need will depend
on the size of the pizza box you're using to make your solar oven.

5. To insulate your oven so it holds in more heat, roll up sheets of newspaper and place
them on the bottom of the box. Tape them down so that they form a border around the
cooking area. It may be helpful to also tape the rolls closed first. The newspaper rolls
should make it so that the lid can still close, but there is a seal inside of the box, so air
cannot escape.

6. The best hours to set up your solar oven are when the sun is high overhead—from 11
am to 3 pm. Take it outside to a sunny spot and adjust the flap until the most sunlight
possible is reflecting off the aluminum foil and onto the plastic-covered window. Use a
ruler to prop the flap at the right angle. You may want to angle the entire box by using a
rolled up towel.
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7. You can make toast by buttering a slice of bread then letting the sun do the rest. It
would also work great to heat up leftovers. So the paper at the bottom doesn't get dirty,
put what you would like to cook on a clear plastic or glass plate. Place the thermometer
inside your oven before you close it, so you can check the temperature.

8. To take food out of the oven, open up the lid of the pizza box, and using oven mitts
or potholders, lift the glass dish out of the oven.

Data collection and analysis-r*:
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Solar power- Solar oven

Minute 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Temperature
(°F)

WHAT DID YOU SEE?

1. What factors contributed to the successful cooking of the food?
2. What effect did changing the variable(s) have on converting radiant energy to
thermal energy? How could you improve your design?
3. What are the practical applications where solar ovens could be used?

HOW SOLAR OVEN WORK

The heat from the sun is trapped inside of your pizza box solar oven, and it starts
getting very hot. Ovens like this one are called collector boxes, because they collect the
sunlight inside. As it sits out in the sun. your oven eventually heats up enough to melt
butter, or cook a hot dog! How does it happen? Rays of light are coming to the earth at
an angle. The foil reflects the ray, and bounces it directly into the opening of the box.
Once it has gone through the plastic wrap, it heats up the air that is trapped inside. The
black paper absorbs the heat at the bottom of the oven, and the newspaper make sure
that the heat stays where it is, instead of escaping out the sides of the oven.

Your solar oven can reach about 200° F on a sunny day and will take longer to heat
things than a conventional oven. Although this method will take longer, it is very easy
to use, and it is safe to leave alone while the energy from the sun cooks your food

You can also pre-heat your oven by setting it in direct sun for up to an hour.

Other recipes you may want to try are making baked potatoes, rice with vegetables.
Even on partly cloudy days there may be enough heat and light from the sun to slow
cook a special dish. Here are a few tips for having success with your solar oven:

• Stir liquids (if you’re cooking something like, rice, or soup) every 10 minutes.
You can rotate solid food every 10-15 minutes as well, so it cooks evenly.

• Reposition your solar oven when needed, so that it faces direct sunlight. You
should be checking periodically on your oven, to make sure it is in the sun.

• Make sure that the foil-covered llap is reflecting light into the pizza box,
through the plastic-covered window.

77



Project Task 2

Solar Powered Fan

MATERIALS AND EQUIPMENT

• Solar cell
• 2 pieces enameled or plastic coated wire (8-10 inches [20-25 centimeters] each)
• Electric motor
• Soldering gun
• Solder (rosin core)
• Sandpaper
• Knife or wire stripper (optional)
• 6-inch (15-centimeter) diameter cardboard circle
• Utility knife
• Glue (hot or white)
• Plastic wheel with axle hole in center
• Black marking pen
• Stopwatch
• 1 sheet of black construction paper
• Several sheets of colored transparency film in a variety of colors
• Paper and pencil or pen

PROCESS

Setting Up the Experiment

I. Strip the ends of each coated wire exposing about I inch (2.5 centimeters) of the metal. If the
wire is plastic coated, use a knife or wire stripper to remove the plastic. If the wire is enameled,
sand the ends to expose the wire ends.

2.Plug in the soldering gun to heat it up.

3. Melt a drop of solder onto one of the leads on the solar cell. Quickly place the end of one of
the
stripped wires in the drop of molten solder. Add a tiny drop of solder on top of the wire,
making sure
the wire is completely surrounded by the solder.
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4. Repeal the process with the other wire.
5. Let the solder cool completely lor 10 minutes. Gently pull on the wires to make sure that
both are securely attached.
6.Melt  a drop of solder onto one of the leads on the motor. Quickly place the end of one of the
wires attached to the solar cell in the drop of molten solder. Add a tiny drop of solder on top of
the wire, making sure the wire is completely surrounded by the solder.
7Repeat the process with the other wire.
8. Let the solder cool completely for 10 minutes. Gently pull on the wires to make sure that
both are
securely attached.
9. Attach the plastic wheel to the motor by gently pushing the wheel onto the shaft of the
motor. Be careful not to chip the solder or break the wires.
10. Glue a 6-inch (15-cenlimeter) diameter cardboard circle on the face of the wheel.
11. Mark a small dot on the edge of the cardboard wheel. This dot will be used as a frame of
reference to
realize that the wheel is spinning.
12. Use multimeter to measure voltage and current in the circuit.

Also calculate electrical power generated by solar panel

Data collection and analysis-

Colour of
transparent
film

Voltage
(V)

Current
(I)

Power
= VI
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HOW SOLAR CELLS WORK

Solar cells, also called photovoltaic or PV cells, change sunlight directly to electricity. When
sunlight strikes the solar cell, electrons are knocked loose. They move toward the treated front
surface. An electron imbalance is created between the front and back. When the two surfaces
arc joined by a connector, like a wire, a current travels between the negative and positive sides.
Solar cells are used to power calculators and watches as well as lights, refrigerators, and even
cars.
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Project Task 3

Sunlight is essential for starch formation in leaf during Photosynthesis

MATERIALS AND EQUIPMENT

A healthy potted plant
a petri dish
a beaker, water (1 Litre)
forceps
a water bath
a piece of wire gauze
a tripod
a burner
a match box,
75 % alcohol or ordinary/medicated alchohol
a strip of black paper/aluminum foil
iodine solution and dips
electric hot plate/source of heat

A healthy potted
plant

Forceps Iodine AlcoholHot plate

Boiling tubeDistilled water

PROCESS

Setting Up the Experiment
Test a leaf from each plotted plant for starch following the procedure given below

1. Take the potted plant coleus sp. (for example) having different coloured leaves and
keep it in a dark place for 2-3 days so that the leaves get destarched.
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2. Cover a part of one of its leaves with the strip of black paper. Make sure that you
cover both the sides of the leaf.

3. Now place this plant in sunlight for 2-3 days.

4. Pluck the selected covered leaf and remove the black paper covering it.

5. Place this leaf in the beaker containing water and boil it for about 10 minutes.

6. Take out the leaf and put it in alcohol, using the water bath, heat it for 10 minutes.
This removes the chlorophyll.

7. Take out the leaf and rinse it under running cool water to wash off alcohol.

8. Place this leaf in the Petri dish and put a few drops of iodine solution on it. Now
observe the change in colour.

WHAT DID YOU SEE?

The leaf turns blue-black except in the covered region. As this covered region did not
receive light, photosynthesis did not occur. Hence no starch was formed there. The
uncovered region received light and starch was formed there due to photosynthesis.

What is Photosynthesis?
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Photosynthesis

Photosynthesis is the process in which light energy is converted into chemical energy.
Using the energy of light, carbohydrates such as glucose issynthesised from carbon
dioxide and water.
The name photosynthesis is derived from the Greek words, photo for ‘light’
and synthesis meaning ‘putting together’. Oxygen is also released, as a waste product.
Light is the major factor for photosynthesis to take place and by doing this experiment
we need to prove that light is necessary for photosynthesis.

The Process of Photosynthesis

The process of photosynthesis occurs when green plants use the energy of light to
convert carbon dioxide (CO2) and water (H2O) into carbohydrates. Light energy is
absorbed by chlorophyll, a photosynthetic pigment of the plant, while air containing
carbon dioxide and oxygen enters the plant through the leaf stomata. An extremely
important by-product of photosynthesis is oxygen, on which most organisms depend.
Glucose, a carbohydrate processed during photosynthesis, is mostly used by plants as
an energy source to build leaves, flowers, fruits, and seeds. Molecules of glucose later
combine with each other to form more complex carbohydrates such as starch and
cellulose. The cellulose is the structural material used in plant cell walls.
Photosynthesis provides the basic energy source for virtually all organisms.
We can express the overall reaction of photosynthesis as:
Carbon dioxide + Water ( + Llght energy) -> Glucose + Oxygen

6CO2 + 6H2O ( +Light energy) -* C6H12O6 + 6O2

Where does Photosynthesis occur?

Photosynthesis takes place primarily in leaves and little to none occurs in stems. It
takes place within specialised cell structures called chloroplasts. A leaf has a petiole or
the stalk and a lamina, the flat portion of the leaf. As its area is broad, the lamina helps
in the absorption of sunlight and carbon dioxide during photosynthesis. Photosynthesis
takes place in the chloroplasts that have chlorophyll pigments in them. It is the 
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chlorophyll that absorbs light energy from the sun. There are tiny pores called stomata
that function as roadways for carbon dioxide to enter and oxygen to leave the plant.

Role of the colour of light during Photosynthesis

Did you know that the colour of light plays an important role during photosynthesis?
Yes, it does. Plants use only certain colours from light for the process of
photosynthesis. The chlorophyll absorbs blue, red and violet light rays. Photosynthesis
occurs more in blue and red light rays and less, or not at all. in green light rays.

The light that is absorbed the best is red, so this shows the highest rate of
photosynthesis. Green light cannot be absorbed by the plant, and thus cannot be used
for photosynthesis. Chlorophyll looks green because it absorbs red and blue light.
making these colours unavailable to be seen by our eyes. It is the green light which is
not absorbed that finally reaches our eyes, making the chlorophyll appear green.

Factors affecting Photosynthesis

For a constant rate of photosynthesis, various factors are needed at an optimum level.
Here are some of the factors affecting photosynthesis.

Light IntensityrAn increased light intensity leads to a high rate of photosynthesis and a
low light intensity would mean low rate of photosynthesis.
Concentration of CO2: Higher carbon dioxide concentration increases the rate of
photosynthesis. Normally the carbon dioxide concentration of 0.03 to 0.04 percent is
sufficient for photosynthesis.
Temperature:An efficient photosynthesis requires an optimum temperature range
between 25 to 35oC.
Water: Water is an essential factor for photosynthesis. The lack of water also leads to a
problem for carbon dioxide intake. If water is scarce, the leaves refuse to open their
stomata to keep water they have stored inside.
Polluted Atmosphere:The pollutants and gases (impure carbon) settle on leaves and
block the stomata, making it difficult to take in carbon dioxide. A polluted atmosphere
can lead to a 15 percent decrease in the rate of photosynthesis.
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Project Task 4

Sunlight (Solar Energy) is essential for Plants (Autotrophs)

To show that during photosynthesis plants release oxygen in the presence of light.

Required materials:

Beaker, test tube, funnel (all materials should be transparent), Some sprigs of hydril la
(Vallisneria) aquatic plants, Baking Soda

Method:

1. Fill the beaker more than half with water
2. Arrange some sprigs inside the funnel as shown in the figure below
3. Fill a test tube with water and invert it over the funnel. Take care not to allow

any water to spill out of the test tube while doing so.
4. Make 6 apparatus like that and mark them 1 to 6.
5. Add some (ChutkiBhar) sodium bi carbonate in first 3 apparatus or setup
6. Place 1 and 4 apparatus in bright sunlight
7. Place 2 and 5 apparatus in shade
8. Place 3 and 6 apparatus in dark

Questions for discussion during observation

5. Do you sec bubbles coming from the plant sprigs?
6. Could you count bubbles coming out from the apparatus 1,4 and 2,5. Is

there any difference you find the rate of bubbles coming out from all
apparatus (Except apparatus placed in dark, please do not disturb that
setup)?

7. What do you think which gas is coming out from apparatus? 1 low will you
identify?

8. Which experimental unit has more air bubbles and why? Could you find
out conditions in which more air bubbles formed?

Now after two hours see all the experimental unit and find out the test tube which is
more than half filled with gas bubbles, let’s try to identify the gas in these bubbles in
the test tube.

Identification of gas bubbles

1. Cork the test tube firmly. But ensure that it remains inverted and its mouth is
under waler while you are doing so. If you do not have a stopper, use your
thumb to close test-tube mouth

2. Keeping the mouth closed, hold the test tube vertically.
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3. Light an incense stick and dip its smoldering tip into the test tube, without
letting it dip into the water in the test tube.

Conclusion/ inference

It is assumed that after the carrying out the activity children will learn the process of
photosynthesis and could see gas evolution in sunlight. For the process of
photosynthesis and evolution of oxygen gas by the plant, presence of sunlight is
essential factor influencing the process.
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Project Task 5

To show transpiration in plants in the presence of sunlight

Required materials

Two well-watered potted plant, transparent polyethene, rubber band. Vaseline

Method

1. Take the two healthy watered potted plant and cover some leaves of them with
transparent polyethcnc with the help of rubber band and keep the plant under
sunlight

2. Apply Vaseline on the both leaf surfaces of other group of leaves and also cover
them with transparent polyethcnc with the help of rubber band and place the
plant in the sunlight

3. Keep one plant under the direct sunlight and another plant in the complete
absence of light for two hours.

Conclusion/ inference

Water droplets are more appears in the apparatus present in direct sunlight having
uncoated Vaseline leaves. It means that plants leaves have openings structures in their
lower and upper surface known as stomata through which gases exchange. This process
is known as transpiration.
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Project Task 6

Designing a Greenhouse

Make your own greenhouse using waste materials.
Guidelines
Sketch a design of a greenhouse
You can use a cardboard box or used plastic bottle for this purpose

Check the various factors that affect your greenhouse

Write a paragraph about the greenhouse effect

Have you seen any greenhouse in your nearby area

To facilitate better understanding of the terms used in the tasks/activitics of the
project glossary of terms is given

GLOSSARY

Renewable energy is energy that is collected from renewable resources, which are
naturally replenished on a human timescale

Solar energy - Energy from the sun. The heal that builds up inside a car when it is parked in
the sun is
an example of solar energy.

Greenhouse effect: the trapping of energy from the sun by the atmosphere, due to the presence
of certain gases; the atmosphere acts like a greenhouse

Radiant energy: any form of energy radiating from a source in electromagnetic waves

photovoltaic cell: a device, usually made from silicon, which converts some of the
energy from light (radiant energy) into electric energy: another name for a solar cell

Volt: Electrical unit of voltage. One volt is defined as the "difference in electric
potential between two points of a conducting wire when an electric current of one
ampere dissipates one watt of power between those points.

watta unit of power, usually for electric measurments: describes the rate at which work
is done or energy isused
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Appendix B

FORMAT PROJECT REPORT

Title of the project

Duration of the project

Name of the student

Class

Description of the project

Learning Methodology followed

Answers to the questions given along with each task in the instruction manual

Learning Achievement
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Appendix C

Rubric- Mini presentation

1
Presentation Students

show
understanding
of content
through
presentation

Students
show a lack
of
understanding
of content
through
presentation

Students show
a significant
lack of
understanding
of content
through
presentation

Students
show no
understanding
of content or
do not
complete
presentation

1

Participation
Each student
in group
participates in
presentation

Each student
participates,
but
participation
is limited or
skewed

Students fail to
distribute
responsibilities
in presentation
evenly or at all

Majority of
group does
not present on
content or
understanding

Collaboration
Students
work together
to prepare
and execute
presentation

Students
work together
to prepare or
present on
presentation
but do not do
both
processes as a
group

Students do
not show
ability to
collaborate on
aspects of the
mini
presentation

Students do
not show
ability to
collaborate
on
aspects of the
mini
presentation
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Appendix D
Final assessment of overall project

5 4 3 2 1 otal
Score

Project
Design

The project
meets all of
the criteria
listed in each
phase. A
model is built
and tested,
data is
collected, and
the project is
presented in a
coherent
fashion

The project
meets most
criteria listed
in each of the
phases. A
model is built
but data is
incoherent or
inconsistent,
project is
presented
with minor
points of
confusion

The project
meets half of
the criteria,
the model
and data is
unclear, and
research is
unclear

The project
research,
data,
and
presentation
do not meet
most of the
criteria
within
the project
packet

The project
does not align.
with most or
all of the
criteria within
the research,
building, and
presenting
phases

Answers
to
discussio
n
question
s

Answers of the
discussion
questions are
complete they
demonstrate
advanced
conceptual
understanding

Answers of
the discussion
questions are
incomplete
and they
demonstrate
intermediate/
advanced
level of
conceptual
understanding

Answers of the
discussion
questions are
incomplete and
they
demonstrate
intermediate
level of
conceptual
understanding

Answers of
the
discussion
questions are
incomplete
and they
demonstrate
basic level of
conceptual
understandin
g

Answers of
the discussion
questions are
incomplete
and they
demonstrate
below basic
level of
conceptual
understanding

Collabor
ation

Students work
together
throughout
entire project
and complete
all
responsibilities

Students
work
together in
most
component,
but one
responsibility
is lacking

Students
work
together
throughout
only half of
the project
components

Students do
not show
ability to
collaborate
on
aspects of the
mini
presentation

Students do
not
collaborate
during project
and miss
many
or all
responsibilitie
s

Project
Report

Project Report
is complete
and students
show a high
level
understanding
of the project

Project
Report is
complete and
students show
intermediate
level of
understanding
of the project

Project Report
is complete
and students
show a basic
level of
understanding
of the project

Project
Report is
complete and
students
show a
below basic
level of
understandin
g ofthe
project

Project Report
is incomplete
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APPENDIX E

PROJECT REPORTS

Project-Based Learning (PBL)
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