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ABSTRACT

The purpose of this study was to investigate the enhancement of learning skills in students that chose
science as a carrier subject using project-based learning (PBL). Eighty students (n=80) were analysed
during the project designing, it’s execution and finally it’s presentation. Participants were grouped in
two teams of 5 each such that one focusses on developing experiments and other on it’s technical part.
The projects were assigned to each group taking into consideration it’s feasibility in school laboratory.
Questionnaires that included items to measure i.e., ease of learning subject matter, teamwork, and developing
communication skills were used to evaluate students” improvement before and after the intervention.
The students were also assessed to evaluate the effectiveness of intervention on a 5-point Likert scale (1
indicating an extremely negative rating and 5 an extremely positive rating). For the data taken from the
closed response questions in the grid, we calculated the average. This study revealed that PBL significantly
improved ease of learning, teamwork, and communication skills in school students. PBL proved to be
beneficial and effective way of science education and inculcated managerial and professional skills in
school students.
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Critical thinking development provides students
with the skills they need to make decisions in a
rapidly changing world, discover scientific solutions
to current problems, and develop into lifelong
learners!'?l. The idea of studying science is to make
a difference in the world through critical thinking,
innovative approaches and problem solving
capabilities. In current Scenario, science has been
merely reduced to mastery of content standards
and preparation of students to succeed in high stake
tests to achieve a numeric goal. Genuine science
education should ideally arise experience, PBL
works aptly and trains students how to investigate
the case, pursue true observations and apply known
concepts to finally design a project that aims to solve
given problem [Fig. 1].

The project method grew out of the architectural
and engineering education movement that began
in Italy during the late sixteenth century!. At

the beginning of the twentieth century, John
Dewey’s pedagogy of knowledge, “learning by
doing” and Kilpatrick defined ‘the project method”
massively influenced the use of this approach in
schools*’l. Today, PBL is considered to be amongst
the main innovative approaches to teach science
and technology in schools (K-12)P¢. PBL aims to
provide necessary experiences to the students to
connect to community and transform as agents
of reform. According to Dewey’s How We Think
(1910/1991), the importance of reflective thought
in the educational process is critical in reforming
students into young investigators that can find
solution to complex problems!”.

PBL deals with providing students with real-life
projects and challenges related to their majors
can therefore be instrumental in fostering and
maintaining their interest in science and technology.
Further students can be trained to connect technical
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knowledge to solve a problem with emphasis
on professional skills®®l. Thus, to prepare science
students as per demands of industry, students
should be trained to confront real life problems and
brain storm a solution that is feasible with respect
to accessibility of resources. Therefore, there is an
urgent need of accountability in science education
that can lead to dramatic shift in curriculum and
instruction from rote learning to critical thinking.
PBL has been used before in several different
settings for effective teaching and learning!> °'!l,

Recently, a project-based digital storytelling
approach was used to improve learning performance
of students. The experimental results showed that
the project-based learning with digital storytelling
effectively enhanced the students” science learning
motivation, problem-solving competence, and
learning achievement (N = 60) as compared to
control group (N = 57)I"2,

Arise experience

Thinking

Fig. 1: PBL leads to critical thinking, arise experience in
sorting problems and exploration of innovative alternatives

Aim / Objectives

Teaching critical thinking skills in the science
classroom prepares students to become independent
thinkers and researchers who become engaged in
finding appropriate solutions to problems of the
society. In schools, science teaching rarely target
students” ability to think critically. This paper
focusses on examining the impact of project-based
learning on one’s critical thinking and how it
impacts cognitive and communication skills.

Print ISSN: 0976-7258

86

Implementing a progressive pedagogy such as
project-based and problem-driven instruction
atschool will provide an alternative approach to
foster critical thinking development in the science
classroom. It will provide the skill development
in students need to become active participants in
democratic society. The purpose of this paper is
to examine the potential benefits of project-based
learning.

Hypothesis

To test if students’ learning outcomes were improved,
the following hypotheses were developed:

O First Hypothesis (H-1): Using PBL will
significantly improve students” teamwork.

O Second Hypothesis (H-2): Using PBL will
significantly improve students’ ease of learning
the subject matter.

O Third Hypothesis (H-3): Using PBL will
significantly improve students’ communication
skills.

Methodology

Eighty participants were drawn from the class XI
and XII that chose science as their career subject.
The students were grouped such that they have
two distinct inclinations- one that focusses on
developing essential experiments and other that
have technical inclination towards project designing.
The projects were assigned to each group taking
into consideration it’s feasibility in school laboratory.
Two questionnaires were used to evaluate students’
improvement before and after intervention. For the
data from the open-ended questions (definitions,
justifications, research goals or questions, findings),
we used a thematic content analysis techniquel*4.

The students were assessed to evaluate the
effectiveness of intervention on a 5-point Likert
scale (1 indicating an extremely negative rating and
5 an extremely positive rating). For the data taken
from the closed response questions in the grid, we
calculated the average. The questionnaire included
items to measure ease of learning subject matter,
teamwork, and developing communication skills
(Table 1).
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Table 1: Summarising the patterns of interaction

Construct Items

Ease of learning subject matter
(EL)

Impact on teamwork (TW)

PBL helped me to learn science by not mugging up but understanding the concepts. It
helped me to resonate easily with those concepts of science which frustrated me earlier.

PBL helped me to think about other’s perspective of thinking, share ideas, improved

interaction with team partner and arrive at meaningful decisions.

Communication skills (CS)

Improved both formal and informal communication skills.

RESULTS AND DISCUSSION

1. Effect of PBL on Partner’s Team Work

Teamwork is censorious because it creates human

synergy. It augments the net output of each
individual of the team leading to an overall
escalation in net productivity. The extent, to
which the learning activity described in this
paper is collaborative, in terms of situation and
interaction, can be explored by considering the
communications made between team partners,
taking into consideration various parameters.
Following parameters were considered to assess
team work spirit before and after accomplishment
of assigned project:

1. Frequency of communication with respect to
project

2. Focus on goal and result

3. Fair share of work load

4. Organised approach

5. Enjoying the assigned task

The result of observations is given in Table 2. In
Groups 2, 3 and 6 the experiment designer and
technical partner started communicating, sharing
workload, planning and organising assigned work
better with progress of project. However, in Group
1 & 5 there was improvement in communication but
coordination was not reached, possibly suggesting
a lack of engagement among the partners. Group
4,7 and 8 stands out as they kept on working as a
unit without any reluctance in planning, organising
and sharing of work-load with the completion of
the project.

Table 2: Summarising the patterns of interaction

Group number Observation (Team work)

Group 3 Cooperation Collaboration
Group 4 Asymmetry Collaboration
Group 5 Asymmetry Cooperation

Group 6 Cooperation Collaboration
Group 7 Asymmetry Collaboration
Group 8 Asymmetry Collaboration

2. Effect of PBL on Ease of Learning Subject
Matter

A major goal of science education is to prepare
students for flexible adaptation to new problems
and settings. PBL has been previously documented
to enhance the students’ science learning motivation,
problem-solving competence, and learning
achievement!"?. PBL has been reported to be an
effective intervention in developing social and
collaborative skills not only between the partners
of the same subject, but also between students from
different generations and courses!™®. An intervention
like PBL that enhances index of adaptive and
flexible learning is desirable model of teaching
and learning. It has been tested whether PBL can
lead to ease of learning subject matter and better
understanding of concepts.

The project timelines were so adjusted that students
learn while doing the project rather than using
projects as a gauge to test the extent of learning.
The project was not given as an assignment rather
students were presented with problems we are
facing in real world and how they will work as a
team to solve that problem throughout.

The result of observations is given in Table 3. All
the groups showed incremental progression in
terms of learning subject matter with ease without
any conscious effort to memorize the content. The
assessment was done on the basis of questionnaire
prepared for each topic. Change in response of

Before PBL After PBL
; students was further evaluated.
Group 1 Asymmetry Cooperation
Group 2 Cooperation Collaboration
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Table 3: Summarising the patterns of interaction

Group number |Problem presented Concepts Learnt Observation (Team work)

Before PBL After PBL

Group 1 Loss of Indian medication |Kirby Bauer method, Colony |Learning based on Better understanding,
in this chemical world. Forming units, Antibiotic remembering and analysis, and

Sensitivity. cramming content. application of known
facts.

Group 2 Contamination of Milk Effect of pasteurization Frustrated with bulk |Learning by observing
and juices with microbes- |on microbial load of of content to learn. and inculcated trouble
How to select best drinks, Gas produced shooting.
available brands. due to fermentation puffs

tetra pack, Concept of
preservation-Bactericidal and
bacteriostatic.

Group 3 Multiple diseases can Kirby Bauer method, Colony |Mediocre Better recapitulation of
be prevented by proper  |Forming units, Antibiotic understanding of contents.
handwash- Which are the |Sensitivity. subject.
most effective handwashes
among several brands
available in market.

Group 4 Pollution due to cigarette |Nicotene is toxic to mosquito |Good understanding |Learnt to apply the
butts and mosquito-borne |& it’s larvae, Fermentation  |of concepts. previous knowledge
illnesses-A common of sugar produce CO, & CO, to solve assigned
solution to both the attracts mosquitoes. problems.
problems.

Group 5 Replenishment of Recycling household water |Good understanding |Learnt to apply the
underground water waste for replenishing of concepts and previous knowledge

underground water through |application of contents | to engineer simple
simple engineering taught in classroom.  |devices.

Group 6 Recycling waste plastic to | Waste management for Innovative methods  |Learnt how waste can
make educational kits educating needy and poor. |were used to can be transformed into

transform waste into | wealth using innovative
useful components ideas

that can be used to

educate masses

Group 7 Study the effect of Non-pathogenic strains Good understanding | Learnt how the biotic

radiations on life of bacterial culture were of concepts. systems can be used
exposed to different to analyse the harmful
radiation source from daily effect of invisible
use gadgets radiations

Group 8 How to help Simple gadgets that can help |Mediocre Learnt to apply the
malnutritioned, old and | poor farmers in their day to |understanding of previous knowledge
week Indian farmers day agricultural problems. |concepts. to solve assigned

problems.

3. Effect of PBL on Communication Skills of
Students

Good communication skills will help students to
explain their work to people outside their field.
Moreover, communication skills are one of the
most important skills that employers look for
in candidates. PBL provides great opportunities
to students to understand the assigned work
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and effectively communicate their working and
observations with audience leading to their
transformation as better professionals in academic
and industrial sector. Each Group was evaluated for
given parameters both before and after PBL. Best
performance and worst performance was given 5
and 0 respectively. Performance of students was
measured on 0 to 5 scale for each day and average
was taken in the end. Significant improvement in
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confidence and communication skill was observed
after PBL.

Table 4: Summarising the patterns of interaction

Sl.  Parameters Best Average
No. Performance performance
1 Memorizing the script 5 3

2 Pronunciation 5 3

3 Knowledge of subject 5 3

4 Coherence and 5 3

cohesion

5 Vocabulary 5 3

6 Tone of voice 3

7 Pausing

Total Score 35 21
Group . c . .
number Observation (Communication skill)
B;g’]fe Desit;it.ion After PBL De‘S/itziion

Group 1 23 77 27 .56
Group 2 26 73 30 .84
Group 3 25 .63 30 .67
Group 4 28 .84 35 .63
Group 5 24 .84 28 .63
Group 6 25 .80 31 .60
Group 7 30 .80 34 .59
Group 8 29 .78 34 .61

Rigor

To ensure the accuracy of the data, peer review,
long and continuing evaluation through in-depth,
prolonged, and repeated questioning was done.
Maximum variation in sampling was done to
increase the dependability of data. The study was
conducted under supervision of subject expert.
In this research, the researcher tried to increase
the credibility of the data by keeping prolonged
engagement in the process of data collection.

CONCLUSION AND IMPLICATIONS OF
THE STUDY

Project-Based Learning (PBL) is an innovative
approach to learning that teaches a multitude of
strategies critical for success in the twenty-first
century. Students drive their own learning through
inquiry, as well as work collaboratively to research
and create projects that reflect their knowledge!"!.
This study was designed to assess improvement in
students’ learning outcomes through using project-
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based learning (PBL) methodology. The findings
suggest that PBL significantly improves students’
ease of learning. Educators can use a project-based
learning approach to facilitate students’ learning.
Furthermore, working together on the project
improves students” teamwork skills. This suggests
that PBL is an effective method which enables
students to relate course materials to practice while
improving their level of understanding about the
subject matter.

ACKNOWLEDGEMENTS

I owe a lot of thanks to Ms Bhavna Kaushik, for
always being ready to help and being accessible
for all technical support, with indefatigable zeal,
ever smiling efforts and patience. She has helped
students to carry out some indispensable analytical
work including biochemical assays done with
precision and accuracy.

REFERENCES

1. Ku, K.Y.L. 2009. Assessing students’ critical thinking
performance: Urging for measurements using multi-
response format. Thinking Skills and Creativity, 4(1): 70-76.

2. Renaud, R.D. and Murray, H.G. 2008. A comparison of a
subject-specific and general measure of critical thinking.
Thinking Skills and Creativity, 3(2): 85-93.

3. Tsui, L. 2002. Fostering critical thinking through effective
pedagogy: Evidence from four institutional case studies.
The Journal of Higher Education, 73(6): 740-763.

4. Knoll, M. 1997. The project method: Its vocational
education origin and international development. Journal
of Industrial Teacher Education, 34: 59-80.

5. Fallik, O,, Eylon, B.S. and Rosenfeld, S. 2008. Motivating
teachers to enact free-choice project-based learning in
science and technology (PBLSAT): Effects of a professional
development model. Journal of Science Teacher Education,
19: 565-591.

6. Krajcik, J., McNeill, K.L. and Reiser, B.J. 2008. Learning-
goals-driven design model: Developing curriculum
materials that align with national standards and
incorporate project-based pedagogy. Science Education,
92: 1-32.

7. Dewey,]. 1991. How we think. Amherst, NY: Prometheus
Books. (Original work published 1910).

8. Colley, K. 2008. Project-based science instruction: A
primer. The Science Teacher, 75: 5-9.

9. Krajcik, J., McNeill, K.L. and Reiser, B.J. 2008. Learning-
goals-driven design model: Developing curriculum
materials that align with national standards and
incorporate project-based pedagogy. Science Education,
92: 1-32.

Online ISSN: 2230-7311



JYJ Chauhan

10.

11.

12.

13.

Marshall, J.A., Petrosino, A.]J. and Martin, T. 2010.
Preservice teachers’ conceptions and enactments of
project-based instruction. Journal of Science Education and
Technology, 19: 370-386.

Lam, S.F.,, Cheng, RW.Y. and Ma, W.Y.K. 2009. Teacher
and student intrinsic motivation in project-based learning.
Instructional Science: An International Journal of the Learning
Sciences, 37: 565-578.

Chun, M.H., Gwo-Jen, H. and Iwen, H. 2012. A Project-
based Digital Storytelling Approach for Improving
Students’ Learning Motivation, Problem-Solving
Competence and Learning Achievement, Journal of
Educational Technology & Society, 15(4): 368-379.

Bardin, L. 2007. L’analyse de contenu [The content
analysis]. Paris: PUF.

Print ISSN: 0976-7258

90

14.

15.

16.

Robert, A.D. and Bouillaguet, A. 2007. L’analyse de
contenu [The content analysis] (3" edition). Paris: Presses
universitaires de France.

Alorda, B., Verd, ., Canals, V., Suenaga, K. and Martinez,
V. 2012. Multi-subject Project Based Learning initiative,
Proceedings of the 2012 IEEE Global Engineering
Education Conference (EDUCON) Accession Number:
12746691.

Stephanie, B. 2010. Project-Based Learning for the 21
Century: Skills for the Future, The Clearing House: A
Journal of Educational Strategies, Issues and Ideas, 83: 39-43.

Online ISSN: 2230-7311



