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2024: Golden Jubilee Anniversary of HBCSE

H EBaEas E

HOMI BHABHA CENTRE FOR SCIENCE EDUCATION
TATA INSTITUTE OF FUNDAMENTAL RESEARCH

21974 - 2024

CELEBRATINGdP S

Y¥EARS TOWARDS
EQUATY AND EXCELLENCE
IN STEM EDUCATION

HBCSE has completed 50 years striving for equity and excellence in STEM education. 2024
marks the golden jubilee of the Centre. Over these five decades, HBCSE has transformed itself
from a well-regarded, but locally-operating and NGO-like entity to a National Centre of TIFR
with a gamut of activities in STEM education across the country. It is the nodal centre for the
country's premier STEM programmes including the Science Olympiads, the National Initiative in
Undergraduate Science, and Vigyan Pratibha. To commemorate this milestone, several activities
were held throughout the year, all of which have showcased in part, our achievements and vision
for the future. These events have brought together experts, scholars, and practitioners to reflect on
the past and explore new possibilities.

As part of our golden jubilee celebrations, we are now pleased to present epiSTEMEI10, the
10" edition of HBCSE's flagship biennial conference. This event marks not only a significant
academic milestone but also a testament to our continued commitment to advancing knowledge
and fostering collaboration. We look forward to the inspiring discussions and insights that will
emerge from this occasion.
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We dedicate the epiSTEME10 Conference to the memory of
Prof. H. C. Pradhan (30.6.1946-26.12.2024),
former director of HBCSE whose visionary contributions to
science education and mentorship continue to inspire us.
His legacy will always remain a guiding light for the HBCSE community.
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PREFACE

The epiSTEME conference is a biennial international event to review research in science,
technology, engineering, and mathematics (STEM) education hosted by Homi Bhabha Centre for
Science Education (HBCSE), a National Centre of Tata Institute of Fundamental Research
(TIFR). The first epiSTEME was held in 2004, and since then nine epiSTEME conferences have
been organised. Research on STEM education is a growing area in India. The episteme
conferences have provided a venue for researchers from around the world to network, share
knowledge, grow in their scholarship, and have strengthened efforts for transformation of STEM
teaching and learning. Details of the past nine editions of the conference are available at
https://www.hbcse.tifr.res.in/academic/episteme-conference

The focus of epiSTEME 10 is Discipline Based Education Research. The discussions are centered
around the rapidly changing nature of scientific research practices, and the implications of this
ongoing change for science, engineering, and mathematics education. Many teaching/learning
practices that were taken for granted are now running the risk of becoming obsolete, given the
rapid change in frontier scientific research practices, such as the building of machine learning
models. It would thus not be far-fetched to say that science education is facing a serious crisis.
Recent national education policies — such as the National Education Policy (NEP) 2020 in India
and the Next Generation Science Standards (NGSS) in the US — seek to incorporate frontier
scientific research practices in educational curricula. By bringing together scientists, science
education researchers, policy makers and teachers, epiSTEME 10 aims to advance this pursuit.

Broadly, the conference is organised under the following three strands

STEM Workforce Development

Theme 1: Classroom/ Laboratory interaction and discourse
Theme 2: Assessment and evaluation

Theme 3: Professional practice and development of teachers
Theme 4: Educational initiatives and innovations

Cognitive and Affective Studies in STEM Education
Theme 1: Modelling in STME

Theme 2: Knowledge representation

Theme 3: Affective aspects of learning

Theme 4: Problem solving, learning and reasoning
Theme 5: Language and learning

New Media and STEM

Theme 1: Role of ICT in teaching-learning

Theme 2: Al and STEM education

Theme 3: Interdisciplinary STEM education and Design thinking
Theme 4: Visuo-spatial thinking

The conference features eight review talks and one keynote lecture from leading scholars around

the globe on some of the key themes mentioned under the above strands. In addition, researchers
from across the world will be presenting papers and posters. In total, epiISTEMEIO received
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around 101 submissions from 8 different countries (Bhutan, India, Iran, Ireland, Mauritius,
Nigeria, Russia, United States of America). All submissions were sent to at least two reviewers
working in related areas for double blind reviews. The list of reviewers is included in this booklet.
We thank all the reviewers for their scholarly remarks which we hope helped the authors
significantly improve the quality of the abstracts. We accepted 80 extended abstracts, out of which
58 registered for the conference. Of these, 27 papers will be presented in the oral mode and the
other 31 in the poster mode. We sincerely thank all the reviewers for their time and expertise in
reviewing the abstracts for epiSTEME10.

Organising this conference has been a collective effort, and it takes the collaboration of many
dedicated individuals and teams to bring such an event to life. We thank members of the Academic
Committee for advice and encouragement and the Local Organising Committee. In particular we
thank the Centre Director, Prof. Arnab Bhattacharya, Dean, Prof. Savita Ladage, and faculty
members Prof. Aniket Sule, Prof. Deepa Chari, Prof. Ankush Gupta and Prof. Anwesh Majumdar
for their support, guidance and encouragement. We greatly appreciate the contribution from all
the members of the academic committee and local organising committee for the conference. In
particular, we thank (in alphabetical order): Aaloka Kanhere, Akshat Singhal, Akshi Chauhan,
Ann Joji, Anupama Ronad, Devendra Mhapsekar, Gajanan Mestry, Gaurav A. Girnar, Gauri
Tawate, Harita P. Raval, Harsha Malhotra, Hemant M. Mandlik, Indrani Das Sen, J. B.
Waghmare, Krishna Chandra Sahu, Manish S. Thakur, Meena Kharatmal, Milind G. Shinde,
Mohamed Hakif, Mukul Mhaskey, Navaneetha M. R., Nishtha, Pragati Dandekar, Prasad C.
Mhatre, Praveen P. Pathak, Priya S. Mudaliar, Priyadharshni Elangaivendan, Rajasree Kundu,
Rani Prasad, Rashmi A. Shrotri, Ravindra N. Sawant, Rencita Jeslin Pinto, Rupesh P. Nichat,
Sandhya R., Santosh L. Rasam, Saurabhee Huli, Shallu Nanda, Shirish R. Pathare, Shweta S.
Naik, Sonali S. Dhuri, Srikanth Banda, Sumana V. Amin, Swapnila K. Desai, Swapnil Shejwal,
Umesh V. Shenoy, Vaishnavi Mahadik, Vikrant Ghanekar, Vishal Dhavle, Vishrut Yogesh Patel,
and Yogita S. Patkar. We also thank the entire computer, administrative and technical staft for
their help in various crucial organisational aspects of the conference. We express our gratitude to
the members of canteen staff for taking care of the catering arrangements, and to the cosmetic,
garden and security staff for ensuring a welcoming and safe environment for all participants.

We thank Manoj Nair for his help in setting up the conference website, paper submission portal
and the payment gateway. Our heartfelt gratitude to Adithi Muralidhar for her exceptional efforts
in meticulously compiling the abstract book and for her creative design of the HBCSE souvenirs.
Our sincere thanks to Sathish C G and Krishnendu Kundu for their diligent coordination and
management of the double-blind review of all submitted abstracts, including the thoughtful
selection of reviewers.

We thank our sponsors, the Tata Institute of Fundamental Research (TIFR) and Department of
Atomic Energy (DAE) and co-sponsors, the Mathematics Teachers' Association (MTA (I)),
Indian Association for Physics Teachers (IAPT), Association for Chemistry Teachers (ACT) and
Association for Teachers in Biological Sciences (ATBS) with whom the epiSTEME 10
conference was jointly organised.

Mayuri Rege

Mashood K. K.

Co-Convenors, epiSTEME10
https://episteme10.hbcse.tifr.res.in
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@

Patterns in Mathematics and Nature and Their
Uses in Pedagogy

Manjul Bhargava
Princeton University, USA.

bhargava@math.princeton.edu

We discuss recent work in making the teaching and learning of science and mathematics more
hands-on, integrated, interdisciplinary, and multidisciplinary, by making use of the multitude of
beautiful patterns that exist all around us and in our daily lives. We'll discuss specific examples
from mathematics and beyond mathematics.

About the Speaker

Prof. Bhargava is recognised internationally as one of the
foremost mathematicians of our times and one of the leading
experts in number theory, a branch of mathematics in which

he has made several pioneering breakthroughs. His research
includes foundational contributions to arithmetic statistics and to
the theory of quadratic and higher degree forms, number fields,
class groups, and ranks of elliptic curves. Bhargava is the
recipient of numerous awards for his mathematical contributions,
including the SASTRA Ramanujan Prize and the Clay Research
Award in 2005, the AMS Cole Prize in Number Theory in 2008,
the Fermat Prize and the Infosys Prize in 2012, the Fields Medal in 2014 and the Padma Bhushan
in 2015. He 1s a member of the American Academy of Arts and Sciences (2017) as well as a
Fellow of the Royal Society (2019). Bhargava is also well-known for his contributions to the
public popularisation of mathematics, and held the first Distinguished Chair for the Public
Dissemination of Mathematics at the National Museum of Mathematics in New York in 2018. He
is the co-chairperson of the National Syllabus and Teaching Learning Material Committee
(NSTC) that is tasked with developing school syllabi for Classes 3 to 12 in line with India's
National Education Policy 2020.

Homi Bhabha Centre for Science Education, TIFR, Mumbai 1
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Biology Education for Sustainable Living in a Fast-
Changing World: How, What and How Much to Teach?

L. S. Shashidhara

National Centre for Biological Sciences (TIFR-NCBS), Bengaluru, India.
Indian Institute of Science Education and Research (IISER) Pune, India.
Ashoka University, Sonipat, India.

Isshashidhara@ncbs.res.in

It is vital that both the current and future generations are better equipped to address the
problems of rapid urbanisation, degradation of natural habitats and impact of climate change on
food, nutrition, health and environment. Research-integrated science education aimed at deeper
understanding of living systems across scales and its innovative applications is key to provide
sustainable solutions for those problems.

The New Education Policy (NEP) of India envisions transforming India into an equitable and
vibrant knowledge society, by providing high quality education to all. The NEP sets itself a high
goal to prepare our youth to meet the diverse national and global challenges of the present and the
future. But students (and their parents) want education that helps them to acquire skills and thereby
get lucrative jobs. It is unethical to force students to learn an imposed curriculum only aimed to
achieve certain national interests. The balance act requires adopting appropriate pedagogical
methods aimed at helping students to (i) develop analytical and critical thinking abilities to
generate and verify knowledge/solution to a problem, (ii) innovation skills to connect knowledge
to solve real-life problems and (iii) self-learning ability to continually improve their knowledge
and acquire necessary skills to address newer problems of their time and/or better and sustainable
solutions to perennial problems.

Learning 1s more effective when students are challenged to identify the cause and effect of a
problem that they can relate to their life. For example, climate change is both a problem to be
addressed and a problem that can be adopted for more effective teaching. As any biological
phenomenon manifests diversely depending on locations/contexts or impact of climate change
varies from place to place, innovative educational resources should be locally rooted in their
context, but globally relevant for their science.

With this background, I will discuss a few ideas on how, what and how much to teach biology.
My talk emphasises:
1. Groups of teachers collaboratively developing pedagogical tools as per the classroom

diversity and needs as peer-interactions are more effective for improving the quality of
teaching.
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2. Full time researchers/Subject experts may provide external support to teachers for
better conceptual understanding of foundational and advanced topics.

3. Entrepreneurial teachers among the teaching community should be facilitated to
develop lesson plans for their own teaching and video resources for others to emulate
(not to imitate). They may be provided additional training to train other teachers. Such
"Training the Trainer” model is better for expansion of innovations in pedagogy.

4. In Biology, with better understanding of the concepts of evolution, students can learn
all other topics with ease. Often on their own. At the same time, they will acquire other
necessary skills such as enquiry, analytical/critical thinking and innovation. Therefore,
much emphasis should be given to teach evolution and all topics in the context of
evolution.

About the Speaker

Shashi did his undergraduate and post-graduate studies at the
University of Agricultural Sciences, Dharwad, India and Ph.D.
at the University of Cambridge, UK. Shashi specialises in
Genetics, Molecular Biology, Evolutionary biology, and cancer
biology. He is known for his studies on how various organs are
positioned precise locations in our body and the precise control
mechanisms by which our organs grow to specific size. An
outcome of his work has implications to understand cancer,
which is a disease caused by the uncontrolled growth of body
cells. For the past 7 years, he is working very closely with
clinicians on ways to improve outcomes of cancer treatment.

Shashi is a SSB Prize Awardee, an elected fellow all three Science Academies of India, an elected
member of European Molecular Biology Organisation (EMBO). Prof Shashidhara has served in
the past as Vice-President of Indian National Science Academy (INSA) and Secretary General of
the International Union of Biological Sciences (IUBS). During 2019-2023, he served as President
of IUBS.

Shashi has also been involved in the promotion of science and science education. He has facilitated
training of more than 10,000 school and undergraduate teachers in India on inquiry-based teaching
and learning. At IUBS, he is closely involved in policy research on global change and zoonosis.
Shashi conceived and initiated the TROPICSU project of IUBS, which is an international project
on Climate Change Education.

Homi Bhabha Centre for Science Education, TIFR, Mumbai 3
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Facilitating Thinking and Learning In and Beyond the
Physics Classrooms Using Research-Based Approaches

Chandralekha Singh
Department of Physics and Astronomy, University of Pittsburgh, USA.

clsingh@pitt.edu

I will discuss, using my research in physics education, how research can be used as a guide to
develop curricula and pedagogies to improve student understanding of introductory and advanced
concepts as well as for making physics learning environments equitable and inclusive. For
example, we are developing research-based learning tools such as tutorials and tools for peer
instruction to improve student understanding of quantum mechanics. I will also describe our
research studies that provide guidelines for how to enhance physics by making it inclusive. For
example, I will discuss how a field-tested short intervention was implemented at the beginning of
a physics course and how it improved the performance of traditionally underrepresented students
in introductory physics classes compared to the comparison group.

About the Speaker

Chandralekha Singh is a Distinguished Professor of Physics in the
Department of Physics and Astronomy and the Founding Director of
the Discipline-based Science Education Research Center
(dB-SERC) at the University of Pittsburgh. She is a Past President
of the American Association of Physics Teachers. She obtained her
bachelor's and master's degrees from the Indian Institute of
Technology Kharagpur and her Ph.D. in theoretical condensed
matter physics from the University of California Santa Barbara. She
was a postdoctoral fellow at the University of Illinois Urbana
Champaign, before joining the University of Pittsburgh. She co-led
the US team to the International Conference on Women in Physics in Birmingham UK in 2017.
She is a Fellow of the American Association of Physics Teachers, American Physical Society,
American Association for the Advancement of Science.
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@

Chemistry Education Research (CER) Based
Capacity Building Programmes for Chemistry Teachers
at UG Level

Savita Ladage

Homi Bhabha Centre for Science Education (TIFR), Mumbai, India.

savital@hbcse.tifr.res.in

Since its inception, the field of Chemistry Education Research (CER) has been addressing
issues at the intersection of teaching and learning of chemistry at various levels of education. With
primary aim to understand and improve chemistry learning, the work done in the CER field
provides valuable insights to teachers, curriculum planners and policy makers engaged with
chemistry education.

In Indian context, for chemistry teachers entering into the teaching profession at undergraduate
(UG) level, it is not mandatory to have educational degrees like Bachelor or Master of Education.
Thus, even though they are content experts, their exposure to pedagogical dimension and related
areas is often limited. For innovation in classroom practices, assessment methods and
development of instructional material, orientation of chemistry teachers teaching at UG level to
research and development work in CER is required and will be useful. Thus, the Capacity Building
Programmes (CBP) for chemistry teachers teaching at UG level needs to integrate dimensions
such as teaching-learning challenges associated with chemistry as a discipline, key ideas
associated with domains like chemistry lab education, problem solving and conceptual
understanding in chemistry. It is important to critically reflect about such dimensions that can be
included for CBP at UG level, as this is relatively less explored area in Indian context.

In the recent past, due to national efforts like Pandit Madan Mohan Malviya National Mission
on Teachers and Teaching (PMMMNMTT), there is relatively more sensitisation about the
pedagogical dimension among chemistry teacher community teaching at UG level. Various higher
education institutions (e.g. ISERs) are venturing into CBP for chemistry teachers teaching at UG
level. Additionally, the well-established global bodies associated with chemistry education like
Royal Society of Chemistry (RSC) and American Chemical Society (ACS) are venturing in CBP
and STEM education scenario in India. In addition to institutions like IISERs, IITs, academic
autonomy is now also being granted to several state colleges affiliated to university systems. Thus,
currently, the faculty members from diverse institutions have more freedom w.r.t. designing
curricular content, its implementation and innovating the classroom assessment practices. The
chemistry teacher community teaching at UG level in India today is more open and receptive
towards innovations related to teaching-learning processes and associated aspects. Additionally,
the National Education Policy (NEP) 2020 emphasises learner—centric approaches at UG level.

In this context, chemistry group at HBCSE has been conducting CBP with ideas derived from

CER studies. The current talk, while reflecting on discipline specific challenges associated with
chemistry, will also present our learnings based on the CBP experiences. These learnings give
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perspectives that can be useful for meaningful and required changes in existing curricula,
assessment methods and teaching-learning practices in Indian context.

About the Speaker

Prof. Savita Ladage, has done her Masters in Analytical
chemistry and Ph. D. in Chemistry Education. Her primary
research interests are chemistry lab education at the
undergraduate (UG) level and conceptual pitfalls in chemistry.
She is involved with various chemistry education research and
developmental activities, and programmes associated with the
same. She closely interacts with chemistry teachers, especially
those teaching at UG level, to orient them about research based
innovative teaching-learning practices. Prof. Savita Ladage has
chemistry/chemistry education related publications in peer
reviewed national and international journals, pedagogical articles, book chapters and books. She
is a member of the Editorial Advisory Board for Journal of Chemical Education (JCE), an ACS
publication. She has also served as Co-opted member of International Steering Committee (ISC)
for International Chemistry Olympiads (IChOs) on several occasions.

At HBCSE, she has been associated with two major impact programmes for more than two
decades, namely, the Indian National Chemistry Olympiad (INChO) programme and the National
Initiative on Undergraduate Science (NIUS) programme in chemistry. The former leads to
selection of Indian teams for the IChOs whereas the latter conducts chemistry/chemistry education
activities for motivated UG students and teachers teaching chemistry at UG level across India
respectively.

For her contributions to the field of chemistry education, Prof. Savita Ladage was awarded the
Nyholm Prize for Education by Royal Society of Chemistry (RSC), UK, in the year 2023.
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Astronomy Education Research:
Past, Present and Future Challenges

Urban Eriksson
Uppsala University, Sweden.

urban.eriksson@physics.uu.se

Discipline-based education research (DBER) takes the theories and methodologies of
education research and applies them in the context of a specific discipline, in this example,
astronomy. Research in the teaching and learning of astronomy has an extensive history;
astronomy education research (AER), as its own separately defined field, is relatively new,
stemming from the early to mid-1990s, as a separate track from physics education research (PER).
By using a mixed-methods approach to textual analysis considering 2085 English language
publications in the field, this paper paints a picture of the landscape of AER over the timespan of
a century from 1898 to 2022. This paper finds that AER authors started regularly publishing
around 1970 and took off significantly in the 1990s. AER, in its early era, was largely a USA
endeavour dominated by ASTRO101. This has changed over time and in recent years, the USA
has dropped below 50% of the worldwide AER publication production. It is found that “Celestial
Motion”, “Instrumentation/Techniques”, and “Planetary Sciences (not Exoplanets)” are the most
common content foci while a significant lack of local galactic and extragalactic education research
is identified. Also, AER has been heavily focused on “Content Knowledge”, “Affective”, and
“Engagement”. It is found that most articles tend to be general reporting of approaches or results
rather than full empirical research, while there is very little theoretical or historical research in
AER yet.

This overview provides a resource to researchers, educators, and other interested stakeholders
allowing efficient ascertainment of previous research. This supports both researchers, allowing
them to develop research questions at the cutting edge of the field, as well as practitioners, to
inform their pragmatic approach based on latest research findings. I also present a set of
recommendations and future outlook of the field of Astronomy Education Research.

About the Speaker

Urban Eriksson is a Full Professor at Uppsala University in
Sweden. Uppsala University is the largest and oldest university in
Sweden. He works at the department of Physics and Astronomy
where he leads the research division on physics and astronomy
education research. He is also deputy Head of department and
Head of the Astronomy and fundamental physics unit. Prof.
Eriksson is also instigator and chair of the biannual Astronomy
Education Conferences (astroeducon.org) and instigator and
Editor for the international Astronomy Education Journal
(astroedjournal.org). He has been engaged in the IAU Commission
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C1 as vice President and leader for the working group for Astronomy Education Research and
Methods.

Prof. Eriksson has a background in physics and astronomy but also in teacher education and has
spent 30+ years in educating students in all teacher-programmes about physics and astronomy.
During this period, he turned to physics and astronomy education research (PAER) and got his
PhD in 2014. After a Postdoc at Lund University, he developed his research and formed and led
a PAER group at Lund University, Sweden, as associate professor, before getting the present
position as full professor at Uppsala University, where he leads the research by the division, with
colleagues, postdocs and PhD students. The division's four main focus areas are 1) Developing
the theoretical framework for teaching and learning called Social Semiotics, 2) Investigating
upper-division physics students reasoning and problem-solving skills, 3) Embodiment in physics
and astronomy education and, 4) Al in teaching and learning in physics and astronomy.
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Investigating Student Reasoning to Achieve Our
Educational Goals

Vicente Talanquer
Department of Chemistry and Biochemistry, University of Arizona, Tucson, USA.

vicente(@u.arizona.edu.

In recent years, there have been numerous calls to reform science courses to address the needs
and interests of diverse students and the societies in which they live. However, progress within
educational institutions worldwide has been slow, and the impact of these reform efforts has often
been limited. These calls highlight the need to reconceptualise learning objectives, instructional
strategies, and assessment practices to ensure students develop the knowledge, higher-order
thinking skills, attitudes, and values necessary to understand and responsibly address global
challenges. To achieve these ambitious educational goals, we must examine the challenges
students face in developing and applying the knowledge and reasoning skills we value. The
findings from such investigations can provide valuable insights into the curricular, instructional,
and assessment practices that best promote student learning. In this presentation, I will summarise
findings from our research on student reasoning in chemistry, which highlight challenges in
conceptualising and integrating central concepts and ideas in chemistry and applying them to
analyse relevant problems. Additionally, I will discuss evidence-based educational strategies we
have developed and implemented to enhance student understanding.

About the Speaker

Vicente Talanquer is a University Distinguished Professor in the
Department of Chemistry and Biochemistry at the UA. His
research focuses on undergraduate chemistry education. He has
published over 150 peer reviewed and invited papers where he has
explored the conceptual difficulties that students face when
learning chemistry and the effect of different teaching strategies on
student understanding. He has also investigated prospective
science teachers’ reasoning and practices. Dr. Talanquer has
applied the results of his educational research to the development
of innovative curricula for undergraduate chemistry education.

He has received various awards during his academic career, including the James Flack Norris
Award for Outstanding Achievement in the Teaching of Chemistry by American Chemical
Society, and the Educational Research Award by the Council of Scientific Society Presidents. In
2015, he was named Arizona Professor of the Year by the Carnegie Foundation. In 2019, Dr.
Talanquer received the Education Research Award from the Council of Scientific Society
Presidents, and he has recently been awarded the 2021 ACS Award for Achievement in Research
for the Teaching & Learning of Chemistry.
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From Einstein to Enigma with CCL

Manish Jain
IT Gandhinagar, Gujarat, India.
manish.jain@iitgn.ac.in

The biggest challenge we face today is student engagement. To address this, the Center for
Creative Learning (CCL) at IIT Gandhinagar has dedicated the last eight years to transforming
STEM education into a hands-on, engaging experience. We've created over 700 innovative
models, games, and activities, reaching more than 5 lakh teachers across India, 6 lakh subscribers
on Youtube/Instagram, 10 crore views and inspiring students to return to classrooms.

In this session, we'll explore the fascinating world of toys, machines, and games that reveal
complex principles underlying everyday phenomena. We'll delve into the Enigma Machine, the
stability of bicycles, and the 75 uniform polyhedra, uncovering the beauty and mystery in each.
We'll also highlight notable moments in sports—Ilike Neeraj Chopra's gold-winning javelin throw,
PT Usha's near-bronze finish, and Jadeja's precise catch—demonstrating the interplay of
mathematics and physics in our lives. Join us as we share our journey, showcase unique learning
tools, and discuss the impact of experiential education on fostering curiosity and joy in learning.

About the Speaker

Manish Jain spends most of his time investigating the science
behind simple (and complex) toys and is passionate about sharing
his insights and excitement with people. He is an Associate
Teaching Professor at IIT Gandhinagar, and heads CCL whose
goal is to bring back the gleam in the eyes of students and children.

Before founding CCL, Manish worked at [IUCAA’s Science Centre
in Pune, with Padma Shri Arvind Gupta. In his previous avatar, he
spent 19 years in the area of chip design at Synopsys (Bangalore &
Mountain View), serving as a Director of R&D.

Manish has a bachelor’s degree in Electrical Engineering from IIT Kanpur (1993) and has also
finished a few courses at Stanford University.
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Advancing Biology Education in India: Integrating
Innovation, Inquiry, and STEM Approaches for the Future

Samiksha Raut

University of Alabama-Birmingham, USA.

sraut@uab.edu

The future of biology education hinges on the integration of innovative teaching strategies,
inquiry-based learning, and interdisciplinary STEM (Science, Technology, Engineering, and
Mathematics) approaches. Key developments and milestones in biology education, highlights the
shift from traditional lecture-based from traditional lecture-based instruction to more student-
centered approaches such as active learning, course-based undergraduate research, experiential
learning and the integration of digital tools. Several studies have demonstrated that these changes
lead to improvements in student engagement, retention, and conceptual understanding.
Additionally, interdisciplinary approaches, particularly the integration of biology with other
STEM fields, have become more prominent, reflecting the interconnected nature of modern
scientific challenges. In the light of these advancements, it is therefore, imperative to understand
the role of professional development for educators, institutional curricular reforms, and the
increasing use of data-driven strategies to meet the changing needs of the student population.
Despite these advancements, challenges such as resource disparities, institutional barriers and the
need for equitable access to quality education persist. This talk, therefore, focusses on ideas and
strategies to help advance and contribute to the growing field of biology education by leveraging
on India’s National Education Policy, 2020.

About the Speaker

Dr. Sami Raut is an Associate Professor of biology at the
University of Alabama at Birmingham (UAB). In the past, she
has served as an Interim Assistant Dean of Academic Affairs at
the Graduate School and Global Affairs and currently serves as
a director of joint degree program — Genetics and Genomics
with the School of Medicine and College of Arts and Sciences.
She holds a PhD in Environmental Toxicology from UAB. She
has taught majors and non-majors’ students for nearly 15 years.
After embracing realms of scientific teaching, she immersed
herself in several biology education research projects. This led
to mentoring of nearly 40 undergraduate students and several master’s students at UAB. She has
won several awards for her teaching and mentoring endeavors. Her primary area of research
includes enhancing science literacy in societal topics of interest including climate change,
sustainability, evolution, and vaccine hesitancy.
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From Low-Cost Experiments to High-Tech Applications:
Highlights of German Chemistry Education Research on
Curriculum Innovation

Amitabh Banerji
Institute of Chemistry, Department of Chemistry Education, University of Potsdam, Germany.

abanerji@uni-potsdam.de

We have been working for more than 10 years on the implementation of future technologies into
the curriculums of high-schools and universities. In 2017, we organised together with the TIFR
and HBCSE a three-day hand-on workshop on Organic Electronics (Image 1). This was realised
with our fully equipped material-kit, which allows you to build OLED and OPV devices without
any clean-room facilities or expensive vacuum-techniques (Banerji, 2017). For more information
on our material-kit “boxperiment OPE”, please visit our website: http://www.boxperiment.de [2].
In my experimental-lecture on the epiSTEME10-conference, I will present two new topics from
our current research programme.

Image 1: Three-day hand-on workshop on Organic Electronics, 2017

Low-cost hydrogen technologies

In the first part of my talk, I will introduce you to our new boxperiment Hydrogen [3]. In this
unique approach we use small TicTac-boxes, which we functionalise as low-cost cells for water-
electrolysis and hydrogen fuel-cells (Meggyes & Banerji, 2023; Banerji-Lab Website).

Teaching computer science in chemistry classes

In the second part of my talk, I will focus on a titration-robot, which can automatically conduct
an acid-base-titration. For this, we use the LEGO Spike system, which allows to introduce
computer science in chemistry classes without the need of textual programming.
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About the Speaker

Amitabh Banerji grew up in Berlin. He studied chemistry and
computer science for teaching at grammar schools and
completed his legal clerkship at the Herder-Gymnasium in
Berlin Charlottenburg. From 2009 to 2012 he received his
doctorate in the working group of Prof. Michael Tausch at the
University of Wuppertal on the experimental-didactic indexing
of organic light-emitting diodes. He then worked for two years
as a lecturer and specialist coordinator at the Junior University
of Wuppertal. In 2014 he joined as an Assistant Professor for
chemistry education at the University of Cologne. Since 2019,
Banerji has been a University Professor in Chemistry Education
at the University of Potsdam where his research focuses on Curriculum Innovation & Research-
Based-Implementation and Digital Tools in Science Education in Chemistry.

He has won several awards including the "Highly Commended" Project (OLEDs) at the European
Science on Stage Festival, Debrecen (Hungary) and Brandenburger Innovationspreis Cluster
Kunststoffe & Chemie 2021 awarded by the Minister of Commerce and Energy in Brandenburg
for the project boXperiment.
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Strand 1

STEM Workforce Development
Classroom/Laboratory interaction and discourse
Assessment and evaluation
Professional practice and development of teachers

Educational initiatives and innovations
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Exploration of Chloroplast Localisation in Plant Anatomy
Through Hands-On Microscopy Sessions
with Secondary Students

Narendra D. Deshmukh!”, Rani Prasad’

' Homi Bhabha Centre for Science Education, TIFR, Mumbai, India.
2 School of Education, Tata Institute of Social Sciences, Mumbai, India.

ndd@hbcse.tifr.res.in*, raniprasad010@gmail.com

Hands-on learning strategies lead to enhanced memory, cognition, and improved problem-solving
skills while connecting learners to real-world applications. Incorporating experiential learning into
the curriculum, can significantly improve educational outcomes and better prepare students for
future challenges. This study explores the localisation of chloroplasts in plant anatomy through
hands-on microscopy sessions conducted with 83 secondary students. The aim is to enhance
students' understanding of plant biology and microscopy skills by engaging them in practical
observation. The study involves microscopy training, observation activities, and assessment,
providing insights into the effectiveness of experiential learning in science education. Students
were able to identify chloroplasts in various plant parts, noting their higher concentration in leaves
and green tissues. Observing chloroplasts, which house the pigment chlorophyll essential for
photosynthesis, solidified their understanding of the relationship between chloroplasts and
chlorophyll and their roles in plant growth. The findings underscore the value of integrating hands-
on microscopy sessions into the regular science curriculum to enhance technical skills and
conceptual understanding in biological sciences.

Keywords: Chloroplast, Plant Anatomy, Microscopy, Hands-On Learning

Introduction

Microscopists like Leeuwenhoek and Hooke used microscopes to enlarge structures to
understand their intricate details and functions, thereby laying the groundwork for modern cellular
biology and microbiology (Ford, 1989). Despite the advancements, it has been observed that
schools find it challenging to provide adequate laboratory experiences due to resource constraints
(Kulshreshtha et al., 2022). Even at Grade 6 level, the Central Board of Secondary Education
(CBSE) Science textbook introduces the complex phenomenon of photosynthesis. However, it
seems semantically dense to comprehend the sentences and concepts. The use of hands-on and
visual approach can be more comprehensive (Llewellyn & Frame, 2012; Markant et al., 2016).
Kolb's Experiential Learning Theory suggests that learners build understanding through a cycle,
this involves concrete experience, reflective observation, abstract conceptualisation, and active
experimentation (Kolb et al., 2014). By providing students a space to directly observe stomata on
different plant parts and to observe the process of osmosis in plant cells, microscopy offers a
combination of hands-on and visual learning experiences. This study aims to enhance secondary
students' (grade 6) understanding of chloroplast localisation and its role in plants by conducting
hands-on microscopy sessions. In this process it will also improve students' technical skills in
microscopy.
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Theoretical Framework

Grounded in the theories of John Dewey, Piaget, Lewin and David Kolb, experiential learning
emphasises the importance of learning through transformation of experience. Kolb's Experiential
Learning Theory suggests that learners build understanding through a cycle, this involves concrete
experience, reflective observation, abstract conceptualisation, and active experimentation (Kolb
et al., 2014). This aligns with Piaget's Constructivist Theory, where students develop knowledge
through doing (Kaur, 2023). In the case of biology, observing chloroplasts and similar cells/tissues
through microscopes provides an opportunity of active learning that fosters deep conceptual
understanding. Hands-on experiences enable students to bridge theoretical gaps, including the role
of chloroplasts in photosynthesis, with their practical observations, leading to greater retention
and engagement (Llewellyn & Frame, 2012).

Theoretical Framework, Research and Research Questions, Original Aspects

Kolb’s Experiential Learning Theory highlights the idea of learning by doing. It emphasises
that knowledge is created through the transformation of experience, combining both concrete
experiences and abstract conceptualisation. The model consists of four stages: Concrete
Experience, Reflective Observation, Abstract Conceptualisation, and Active Experimentation.
Learners cycle through these stages, allowing them to integrate theory with practice. This theory
explains the importance of hands-on learning (Kolb et al., 2014).

Research Questions

The study aims to address the following research questions:
e How can experiential learning strategies improve students' microscopy skills?
e How does chloroplast localisation enhance students' understanding of its role in

photosynthesis?
e What is the impact of experiential learning on students' retention of biological
concepts?
Methodology

83 Grade 6 students from Maharashtra were selected using purposive sampling, based on their
performance in nationwide tests. Students were introduced to microscopy through a hands-on
session. Various plant parts were examined for chloroplast localisation. Over an hour session,
students observed findings on the distribution of chloroplasts across different tissues. Worksheets
were provided to assess their understanding, which included questions on chloroplast location in
plants and connection of chloroplast with photosynthesis. The worksheets were qualitatively
analysed to evaluate student’s comprehension of chloroplasts in different plant parts.

Findings

Students observed chloroplasts in various green tissues, gaining an understanding of the
relationship between chloroplasts, chlorophyll, and photosynthesis. Initially, only 20 out of 83
students believed that green parts of fruits perform photosynthesis. However, after the hands-on
session, they located chloroplasts in leaves, stems, and unripe (green) fruits, reinforcing the
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concept that photosynthesis occurs in multiple green plant parts, not just leaves. By the end of the
session, they were able to locate chloroplasts in multiple green tissues and link this to
photosynthetic activity.

Beliefs About Fruits and Photosynthesis Among Students
03

Number of Students
5 8 ] & 3

=
(=]

Believe Fruits Perform Photosynthesis Do Not Believe
Belief Categories

Fig. 1. Students’ beliefs about photosynthesis and fruits.

Conclusion

Hands-on and visual approach significantly enhances students’ understanding of chloroplast
localisation and photosynthesis. By allowing students to directly observe plant structures, this
method deepens their conceptual knowledge and improves their technical skills. We recommend
incorporating such experiential learning strategies in science curricula to foster a deeper, more
practical understanding of complex abstract biological concepts.
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Stars Over the Hills: Enhancing Rural Students’ Interest in
Physics Through Astronomy Outreach

Aasheesh Raturi*

Department of Physics, Dolphin PG Institute of Biomedical and Natural Sciences,
Dehradun, Uttarakhand, India.

aasheeshraturi@dolphininstitute.in*

This study investigates the impact of an outreach program aimed at fostering scientific curiosity
among rural students in Uttarakhand by integrating general astronomy into physics education. This
initiative targeted schools in remote areas, using the allure of celestial phenomena to make physics
concepts more accessible and engaging. The program included interactive astronomy workshops,
observational activities, and hands-on experiments that connected physics principles with real-
world astronomical events. To assess the program’s effectiveness, a comprehensive evaluation was
conducted, including pre- and post-program surveys, student interviews, and academic
performance analysis. Results indicated a significant increase in students' interest in physics and a
deeper appreciation for scientific inquiry. The program successfully enhanced students’
understanding of physics by contextualising it within the fascinating realm of astronomy, thereby
promoting a sustained interest in science and inspiring future academic and career pursuits. This
study underscores the potential of using astronomy as a catalyst for broader scientific engagement
in rural educational settings and effectiveness of targeted outreach efforts in bridging educational
gaps and promoting STEM engagement geographically and economically underprivileged regions
of Uttarakhand

Key words: Astronomy Outreach, Physics Education, STEM Education

Introduction

Rural school students in Uttarakhand often face significant challenges in pursuing physics as a
subject in their future studies. The limited access to well-equipped laboratories and a lack of
awareness about the real-world applicability of physics contribute to this reluctance. This disparity
not only hampers their academic growth but also restricts their ability to explore career
opportunities in science, technology, engineering, and mathematics (STEM) fields. To address
these challenges, this study investigates the impact of an innovative outreach program that
integrates general astronomy into physics education. By leveraging the natural curiosity that
celestial phenomena inspire, the program aimed to make physics concepts more engaging and
relatable. The intervention targeted Class 12 students from five rural schools in Uttarakhand,
involving a total of 75 participants. The program sought to bridge educational gaps by
contextualising physics learning within the framework of astronomy. Astronomy, with its visual
appeal and intuitive concepts, serves as an ideal medium to demonstrate the real-world
applicability of physics. This approach not only aimed to foster interest in physics but also to
empower students with the critical thinking skills and scientific curiosity necessary for better
academic performance and career decision-making.
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Theoretical Framework

The program was grounded in constructivist learning theories, emphasising hands-on,
experiential education to connect theoretical knowledge with real-world phenomena. Astronomy,
with its visual and intuitive appeal, served as a framework to enhance students’ conceptual
understanding of physics, while promoting critical thinking and scientific inquiry. The
intervention aligns with the National Education Policy (NEP) 2020's goals of fostering STEM
education through innovative and contextualised teaching strategies.

Research and Original Aspects

This research focuses on the effectiveness of astronomy-based physics education as a tool to
address educational challenges in geographically and economically disadvantaged regions. The
unique aspect of this study lies in its integration of observational activities, interactive workshops,
and experiments that bring together theoretical physics and practical astronomy. It highlights the
role of targeted outreach programs in bridging educational gaps in rural areas.

Research Questions

e How does integrating astronomy into physics education impact students' interest in
physics and scientific inquiry?

e Can contextualising physics concepts through astronomy improve students’ academic
performance?

e What is the long-term impact of such an outreach program on students' academic and
career choices in STEM fields?

Methodology

The study was conducted in five rural schools in Uttarakhand with a sample of 75 students of
Class 12. The program consisted of:
e Interactive Astronomy Workshops: Covering basic celestial phenomena and their
physical principles.
e Observational Activities: Night sky observations using telescopes to connect
theoretical concepts with real-world phenomena.
e Hands-On Experiments: Practical experiments linking physics concepts to observable
astronomical events.
In this study the data collection methods included pre- and post-program surveys, student
interviews, and academic performance evaluations. Follow-up surveys tracked students’ academic
and career choices post-intervention.

Findings

The program demonstrated a significant positive impact on students’ interest and engagement
in physics:
e Academic Pursuits: Of the 75 students, 40 chose to pursue physics at the
undergraduate level, 20 enrolled in diploma courses related to physics, and 15 opted
for other fields.
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e Interest in STEM: Students showed a deeper appreciation for scientific inquiry and
critical thinking.

e Conceptual Understanding: Observational activities and experiments contextualised
physics principles, making them more relatable and easier to grasp.
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Fig.1. Academic pursuits of Students after conducting outreach programme

Conclusion

The current study underscores the transformative potential of using astronomy as a catalyst for
broader scientific engagement in rural educational settings. It highlights the effectiveness of
targeted outreach programs in bridging educational gaps and promoting STEM education among
school students of rural community. Through integrating basic astronomy concepts into physics
education, the initiative not only enhanced students' academic performance but also inspired them
to pursue science-related academic and career paths, thus contributing to a more inclusive STEM
ecosystem in Uttarakhand.
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Classrooms are spaces which demand communication. In every classroom, exchange and
construction of knowledge takes place. In most classrooms a bulk of communication is done by
the facilitator but students also participate in the classroom communication. There are a lot of
factors on which the participation of students in the classroom depends on; like their
personalities, language of classroom interaction, the facilitators’ beliefs, and students' prior
knowledge. In this paper, we will be looking at instances where students’ prior knowledge
helped them participate in the classroom interaction.

Keywords: Classroom Discourse, Prior Knowledge, Classroom Interactions

Introduction

A lot has been said about how knowledge is constructed in a classroom in a participatory
way. In a lot of classrooms, the facilitator might be looked upon as an authority who determines
the classroom discourse but a lot of times students’ participation can change this discourse.
Students raise queries, or respond to inquiries (Abdullah, et al., 2012). The participation of
students depends on many factors such as the facilitator’s beliefs, language of instruction,
cultural background and environment. Another important factor which can affect students’
active communication in the classroom interaction is their prior knowledge. Prior knowledge is
the knowledge or information that is already known to students. This knowledge or information
can come from many activities done by them, their other experiences and observations (Ahied et
al., 2020). Students make connections between what they are learning and what they already
know by using their preexisting knowledge, ideas, and understanding to interpret new
information (Ambrose, et al., 2010). Prior knowledge can stimulate interest, guide attention, help
interpret new information, aid memory encoding, enable logical inference, and guide problem-
solving (Ormrod, 2019). The prior knowledge that the students bring to the classroom can be
accurate but not relevant for the current topic or can be inaccurate or can be incomplete (Diaz,
2017)), this inaccurate knowledge can form misconceptions (David, 2017) and sometimes also
hinder future development (Ambrose, et al., 2010).

Research Questions

The study aims to address the following research questions:
e How does students’ prior knowledge encourage their participation in the classroom?
e Does the choice of topics affect students’ classroom participation? How is this
related to their prior knowledge?
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Methodology

The focus of study was to understand how students’ prior knowledge influences their
participation in the classroom interaction. Here by prior knowledge, we mean knowledge that
students gain from their experiences and observations outside the classroom or bringing from
their everyday contexts. Two different sessions covering secondary level topics with the same
set of 26 students were observed. Each session was 150 minutes long. Observation notes written
down during the sessions were used as data to get an idea of the overall session. Even though the
session was fully video recorded, only some parts of the videos from both the sessions were used
as data for this study. The selection of video clips was based on the observation notes. The
purpose of watching videos was to identify the conversation between students and facilitators
where prior knowledge was used. After multiple times of watching the videos, the conversations
were transcribed and analysis was majorly done based on that transcript. But, video clips
provided additional information about gestures, body languages and the nature of interaction
among individuals.

Findings

In one of the conversations analysed, one would see students discuss whether pickles can get
spoiled or not. Students were trying to give statements to support their view regarding whether
pickles were spoiled or not spoiled. Even though the ingredients of a pickle and their connection
to a pickle getting spoiled or not had not been discussed, one student commented on the
ingredients of pickle and their preservative nature. The student also commented
about ‘preservation’ and ‘preservatives’ two terms which were not mentioned in the class till
then, in order to add strength to the reasoning and concluded that the pickle was not spoilt.
‘Finding the conditions of spoilage’ was not a part of the session but the student listed the
conditions in which pickles can undergo ‘spoilage’. The student’s prior knowledge about pickles
and their preservative nature might have helped the student guess the objective of the session
and further helped the student in making a conclusive statement about pickle getting spoiled or
not. In another session on Soil, while a discussion about laterite soil was going on, the students
were asked to think about other types of soils which exhibit similar properties as the laterite soil.
One of the students cited cement as an example because it becomes hard when it dries up. But
some students objected to it and said it was not purely soil but a mixture of soil and other
components. Here one can see two kinds of prior knowledge helping in the classroom
discussions. And both of them together helped in building a conversation and helped in learning.
Another student could build a connection to the conversation going on in the classroom to the
houses she has seen during the visits to her native village (Goa). Excitement of being able to see
something she had seen earlier to the classroom was evident from her gestures. This instance can
be seen as an example of students’ feeling confident while she builds a connection between
classroom topics to her own experiences. This finding is consistent with the findings from other
studies (Geoffrey, 2021), that precise prior knowledge instills confidence in learners during the
teaching and learning process. Students who have ‘sufficient’ prior knowledge are able to make
connections between the new knowledge and their existing experiences, which allows them to
actively engage in the teaching and learning process. It can increase their self-esteem and
confidence. (Stenlund, 2010)
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Conclusion

Classroom interaction is a conversation between the facilitator and the students and also
among the students themselves. Activities involving commonly seen resources like food or soil
enable the students to share their prior knowledge in the classroom hence enhancing the quality
of classroom interactions the students have. Topics like food and soil can give facilitators and
students opportunities to build new knowledge along with enhancing or correcting their prior
knowledge. The facilitator should search for topics and opportunities which will enable students
to use or correct their prior knowledge, and use their experiences in the classroom. In our
analysis, we observed instances where a student’s prior knowledge helped the facilitator move
the classroom discourse towards the objective of the session. We also saw an example of how
inaccurate prior knowledge led to an interaction between students. Lastly, we also found
examples where prior knowledge helped an individual student feel confident and relevant in the
classroom. Research points out all these as effects of students’ prior knowledge on classroom
interactions. We conclude that these instances show us that every piece of prior knowledge that
students get to the classroom can be valuable, and can be considered as a foundation for building
further knowledge or correcting earlier knowledge.
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Astronomy Lab at Vikram A Sarabhai Community Science Centre (VASCSC), Ahmedabad was
started in 2020. Here we will explore the ways how we have set up the Astronomy Lab, its various
programs, the challenges and insights from implementing them to diverse students. The hands-on
activities, publications, outreach and in-reach programs for students and teachers in line with
National Education Policy (NEP) 2020 developed by our team will be discussed. We reached
around 3000 students and around 200 teachers from 2021 to 2023 through “Astronomy
Workshops™” in Gujarat. Different in-reach programs catered to almost 4000 middle and high
school students over the years. Apart from this our team also participated in various rural and urban
teacher trainings across the country carried out by the centre. We will share the learnings from
these programs and present this as a case study for improvements in astronomy education, making
it more inclusive in a developing and diverse country like India.

Keywords: Astronomy Education, Hands-on activities, Outreach, Experiential Learning, Bagless
Learnings

Introduction

The Astronomy Lab at VASCSC, Ahmedabad began in 2020 just before COVID-19. This
presentation outlines the setup of the lab and shares challenges and insights from its setup and
implementation of various programs.

Original Aspects

Our team has developed hands-on activities, publications, and modules for outreach and in-
reach in astronomy, tailored to the National Education Policy (NEP) 2020. These meticulously
selected topics connect astronomy with daily life, extending non-formal and hands-on learning to
informal learning through unaided celestial observations.

Methodology

We conducted a major outreach program, "Astronomy Workshops," in underprivileged schools
across Gujarat from 2021 to 2024, reaching about 3000 students and 200 teachers. Our in-reach
programs served nearly 4000 middle and high school students. Our team also carried out national
and state-level training sessions in notable programs for students and teachers organised by the
centre.
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Methods and Findings

This section shares challenges and insights from in-reach and outreach programs at urban and
rural levels. It covers module development and grassroots implementation. We present this as a
case study for improving astronomy education in a diverse and developing country like India.
Success stories from different programs will also be highlighted.

Conclusion

The lessons from this grassroot program can aid astronomy and science educators. They can
help design future activities, publications, and programs for urban, rural, and indigenous students.
This effort supports the vision to make astronomy education as inclusive as possible.
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Embodied pedagogy in mathematics teacher education is a globally emerging field of practice and
research. This paper reports on selected individual cases from an intervention, where mathematics
teachers were introduced to the discourse and practice of embodied pedagogy. Drawing on
individual journeys of selected participants, the paper traces learning trajectories and offers
insights into the affordances of embodied pedagogy for mathematics teacher preparation. In India,
where both policy and scholarship call for a revitalisation of mathematics education, embodied
pedagogy has the potential to broaden the perspectives of mathematics teachers.
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Introduction

Embodied pedagogy in mathematics teacher preparation is an interdisciplinary area of research
and practice. As a discourse and practice, embodied pedagogy foregrounds the tenet that cognition
is grounded in the actions of the body (Donovan & Alibali, 2021: 136). While there is a significant
amount of literature in the underlying fields of embodied pedagogy in mathematics education
(Abrahamson, 2013; Nathan et al., 2014; Smith & Walkington, 2019) and embodied pedagogy in
teacher education (Dixon & Senior, 2011; Estola & Elbaz-Luwisch, 2003; Hegna & Orbak, 2021;
Klein et al., 2019), the scholarship on the intersection of these areas is limited. This paper traces
the learning journeys of selected individual participants from a workshop conducted to introduce
pre-service and early career mathematics teachers to the discourse and practice of embodied
pedagogy. Through these individual cases, this paper argues that embodied pedagogy affords the
opportunity and tools for mathematics teachers to arrive at a more nuanced understanding of the
role of the body in learning; strengthen conceptual understanding; and contest prevailing
assumptions about the nature of mathematics and how it should be taught.

Context and Method

This paper is based on a small-scale action research study conducted in 2023-24. As part of the
study, a 30-hour intervention was designed and delivered to a cohort of 14 self-selected pre-service
and early career mathematics teachers from across India. It draws on interviews, classroom
episodes, and reflective group discussions to capture the experiences of selected participants
across three areas of learning. The first area considers the participant’s understating of embodied
pedagogy by analysing their engagement with experience, specifically what Hegna and Orbaek
(2021) refer to as ‘cognitive experience’. The second area focuses on the participants’ conceptual
understanding of geometry. Finally, the third aspect focuses on the participants’ understanding of
mathematics pedagogy as a process of mathematisation as discussed by Subramaniam (2022).

Science, Technology and Mathematics Education
January, 3 - 6 2025

@

Homi Bhabha Centre for Science Education, TIFR, Mumbai



International Conference to Review Research in
S @ / Science, Technology and Mathematics Education
epi EE10 January, 3 - 6 2025

Key Findings

Engaging in the intervention gave participants the tools and opportunities to recognise the
interconnected nature of the mind and body and develop an appreciation of the role of the body in
learning (Nguyen & Larson, 2015). For example, Savitha (name changed) said “So, here [in
traditional classrooms] the understanding is creation of knowledge is seen as something that
happens only through the mind, whereas in embodied pedagogy, it makes use of body like, say,
through movement, action, gestures, etc., along with the mind as a way to understand and to create
knowledge” (Day3 Savitha check in).

A further finding that emerged is that the use of embodied pedagogy was able to highlight
information that was otherwise hidden (Donovan & Alibali, 2021: 141) and thus strengthen the
conceptual understating of the participants. This occurred when they were working with special
cases of quadrilaterals using a length of ribbon which allowed for the shapes to be constructed and
manipulated in different ways. Revathi comments “so earlier for me, those four were separate
figures like, ‘this is square’, ‘this is rectangle’, ‘this is thombus’, ‘this is parallelogram’. Though
I was aware of their properties but just instantly establishing any relationship amongst those four
figures was a little difficult for me. But as I was doing it with the help of ribbons and I was able
to manipulate it. I think that’s what helped me clear my understanding, better my understanding”
(Day 3 Revathi_Check in).

Embodied pedagogy enabled the participants to question the common assumption in
mathematics pedagogy that there is one correct answer to a question and one correct method of
arriving at that answer (Kumar et al., 2012: 158). Savitha commented “We think differently each
one... So, our ideas of even something like congruency (can be different). Here when you have
the freedom to move, your thoughts also flow accordingly... here when I'm playing around with
a triangle ... I see it's more natural like flowing with my thoughts than standardising everything
and I think that's beautiful” (Day 5 Final Reflection). Embodied pedagogy foregrounds collective
and collaborative learning and highlights the possibility of multiple ways of arriving at a
mathematical conclusion. When this multiplicity is acknowledged, there is a possibility of seeing
how the concept is itself co-created by the learners and the environment.

Conclusion

Policy documents (Gol, 2020; NCERT, 2005) and scholarly literature in India call for a
revitalisation of mathematics education with a focus on mathematics teacher preparation
(Ramanujam & Subramaniam, 2012). This revitalisation needs mathematics education to be less
burdensome and to move towards mathematisation rather than algorithmically motivated rote
learning. In chronically under-resourced educational contexts that exist in India, embodied
pedagogy can offer mathematics teachers a more sustainable option. However, for embodied
pedagogy to see more widespread acceptance, there needs to be a substantive shift in the
perception of the body in learning.
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In India, unveiling the Nature of Science (NOS) is crucial, given the country’s significant
investments in STEM. This paper investigates Indian student’s comprehension of the NOS and
identifies the factors influencing their understanding. A purposive sampling method was used to
select schools representing different regions, socioeconomic backgrounds, and types of
educational institutions (public, private, urban, and rural). The sample included 374 students and
43 teachers from 15 schools of Samastipur, Bihar. Through a critical analysis of current literature
and empirical research, this study aims to provide insights into the current state of science
education in India and suggest ways to enhance student’s grasp of the NOS.

Keywords: Nature of Science, Empirical Nature of Science, Tentative Nature of Science,
Subjective Nature of Science, Socio and Cultural Embeddedness of Science, Science Education,
School, Curriculum

Introduction

Science education is fundamental to fostering a scientifically literate society. The Nature of
Science (NOS) encompasses the epistemological foundations of science, including the processes
by which scientific knowledge is developed, validated and refined. In India, where science and
technology are seen as drivers of national development, a robust understanding of the NOS is
essential for students. However, research suggests that students often have misconceptions about
scientific processes and the nature of scientific knowledge, which can hinder their ability to engage
with science meaningfully.

Problem Statement

Despite the importance of the NOS, many Indian students demonstrate a limited
understanding of its key principles. This gap in understanding can be attributed to various
factors, including curriculum design, teaching practices and assessment methods. The
challenge lies in the disconnect between the intended outcomes of science education and the
actual understanding students develop. This work seeks to explore these issues in depth,
focusing on how the NOS is conveyed in Indian schools and the extent to which students
internalise these concepts.

Literature Review

Key studies by Lederman (2007) and Driver et al. (1996) emphasise the importance of
explicitly teaching NOS principles to students. In the Indian context, studies like those
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conducted by Natarajan (2014) and Kumar (2017) reveal that students often struggle with
understanding the empirical and tentative Nature of Science. The “National Curriculum
Framework (NCF) 2005, National Education Policy (NEP) 2020 and National Curriculum
Framework for School Education (NCFSE) 2023” advocates for a more inquiry-based
approach to science education, emphasising the need for students to develop a nuanced
understanding of the NOS. However, implementation challenges persist, as noted by research
from the Azim Premji Foundation (2019), which highlights the prevalence of rote learning and
insufficient teacher training in effectively conveying NOS concepts.

Theoretical Framework

The theoretical framework for this study is grounded in constructivist theories of learning,
which suggest that students construct knowledge through experiences and interactions.
According to Piaget and Vygotsky, meaningful learning occurs when students actively engage
with content, allowing them to build on prior knowledge. The Nature of Science, as part of this
framework, should be taught not as a set of facts but as a dynamic process that students can
relate to their everyday experiences. The various key concepts of NOS include empirical and
tentative nature, subjective and creativity and socio-cultural embeddedness of science.

Research Questions

How do school students understand the Nature of Science?

What factors influence student’s understanding of NOS in schools?

How eftectively are NOS concepts integrated into the Indian science curriculum?

Is there any gender-based differences in students' understanding of the Nature of
Science (NOS), and what factors might contribute to these differences in
comprehension and engagement with science concepts?

Original Aspects of the Study

This study contributes to the existing literature by:

e Focusing on the Indian context: While much research has been done globally on NOS,
there is a need for localised studies that consider the unique challenges and
opportunities in Indian education.

o Comprehensive analysis: The study combines a literature review with empirical
research, providing a holistic view of the issues at hand.

e Policy implications: The findings of present study have direct implications for
curriculum designers, educators, and policymakers in India.

e Gender-based differences: In the students' understanding of the Nature of Science
(NOS) is there any role of gender, and to explore potential factors that may contribute
to these differences.

Methodology

This study adopts a qualitative research method to gain a comprehensive understanding of
the issues. Schools were chosen using a purposive sampling method to ensure diversity in
geography, socioeconomic status, and school type (public, private, urban, and rural). The
sample consisted of 374 students and 43 teachers from 15 schools in Samastipur, Bihar. The
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data were obtained using the VNOS-C tool, which was administered to students of various ages
and educational levels in several schools, as well as semi-structured interviews with science
teachers. Curriculum materials, textbooks, and assessment papers were examined to determine
the representation of NOS concepts in the Indian educational system. The qualitative data from
the questionnaire and Interview were analysed with help of the given rubrics of the tool,
thematically to identify common theme and challenges related to NOS.

Findings
Student’s Understanding of NOS

The survey results indicated that a significant proportion of students view scientific
knowledge as absolute and fail to recognise its tentative nature. Additionally, many students
struggled to differentiate between observation and inference, leading to misconceptions about
the empirical basis of science. The role of creativity and subjectivity in science was poorly
understood.

Factors Influencing NOS Understanding

The study identified several factors influencing student’s understanding of NOS:

o Curriculum Gaps: While the NCF 2005 emphasises inquiry- based learning, many
textbooks lack a clear focus on NOS principles.

e Teaching Practices: The dominance of lecture-based teaching methods, coupled with a
lack of hands-on experiments and discussions, limits student’s engagements with NOS
concepts.

o Assessment Methods: Standardised exams prioritise factual recall over conceptual
understanding, discouraging students from critically engaging with NOS.

o Teacher Training: Many teachers expressed a lack of confidence in teaching NOS,
citing insufficient training and resources.

e Gender: Gender-based differences in NOS understanding in Indian schools may be
influenced by a combination of confidence levels, engagement, teacher interactions,
access to resources, and societal expectations. Addressing these disparities may require
targeted interventions to encourage female students’ engagement in hands-on science
activities and reduce the impact of gender stereotypes in science education.

Conclusion

Unveiling the Nature of Science is crucial for students to become informed, critical thinkers
capable of engaging with scientific issues in their everyday lives. Addressing these challenges
requires a concerted effort from educators, policymakers, and curriculum developers. The
study’s findings reveal significant gender-based disparities in students’ understanding of the
NOS in Indian schools. Female students often showed a nuanced understanding of NOS.
Conversely, male students reported higher confidence, often benefitting from greater access to
science resources and encouragement in practical science applications. By fostering a deeper
understanding of NOS among students, India can cultivate a generation of scientifically literate
citizens who are well-equipped to contribute to the nation’s development.
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One important strategy for bridging the gap between a child's everyday experiences and formal
learning is to use reflective practices in scientific education. The present study investigates how
reflective teaching approaches can improve science instruction by stressing on the value of
creating a classroom atmosphere that stimulates students' interest, critical thinking, and sense of
personal connection to scientific ideas. Reflective teaching practice is going back to his\her own
method of classroom instruction by a teacher and reformulating the same according to the need
of a child in a science classroom. Further it can be significant tool for Professional Development
of teachers.

Keywords: Reflective Teaching Practice, Science Classroom, Professional Development of
Teachers, Critical Thinking

Introduction

Teachers who engage in reflective practice gather evidence about their teaching practices
with the goal of analysing, interpreting, and evaluating their experiences in order to improve
their future instruction (Mathew & Peechattu, 2017; Farrell, 2016). This type of inquiry is
cyclical and systematic. Additionally, it is a process of creating meaning that helps educators
advance (Rodgers, 2002). Reflective educators strive to better understand themselves and often
relate to other ideas.

Problem Statement

The general method of teaching science frequently emphasises rote memorisation which
hinders students' ability to develop critical thinking and problem-solving abilities. There are
extra difficulties due to limited resources, insufficient teacher preparation, and contextual
variations. This gap can be filled in part by using reflective practices in science education,
wherein educators carefully consider both their own pedagogical approaches and students'
educational experiences.

Review of Related Literature

Enhancing teacher quality is another benefit of reflective practice. Professional development,
which is commonly defined as how a teacher acquires specific information and a set of abilities
within a given context of scenario, is one component of teacher quality that is impacted by
reflective practice (Koellner & Jacobs, 2015). Teachers can unlearn inefficient teaching
strategies that could negatively impact students' learning experiences by reflecting on their own
practices, which raises their awareness of what they are doing (Ciampa & Gallagher, 2015).
According to Meierdirk (2017), pre-service teachers typically employ reflection to enhance their
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instruction in the areas of behavioural management, lesson planning, activities in the classroom,
and performance indicators. Alger (2006) provides an illustration of the influence reflective
practice has on pre-service teachers.

Research Questions

e How do science teachers currently engage in reflective practices in their teaching
methods, particularly in rural schools?

e What are the perceptions of science teachers regarding the importance and impact of
reflective practices on students' learning experiences?

e How can reflective practices be effectively integrated into science teaching to enhance
students' engagement and understanding of scientific concepts?

e What specific reflective strategies do science teachers find most effective in
transforming students' real-life experiences into meaningful learning in science
education?

Methods

Qualitative Methods (Document analysis and research papers) will be used to support the in-
depth analysis of the present research and finding will be analysed on the basis of research
questions and problem of statement.

Conclusion

In conclusion we can assert that reflective practices in science teaching are not merely a
pedagogical tool but a transformative approach that can significantly enhance students' learning
experiences. By fostering a deeper connection between science education and students' everyday
lives, reflective practices help cultivate a generation of learners who are not only knowledgeable
but also curious, critical, and equipped to navigate the complexities of the world. As we move
forward, it is imperative to recognise the value of reflection in teaching and to integrate it into
the fabric of science education to ensure that every child's experience is transformed into
meaningful, lifelong learning.

References

1. Abednia, A., Hovassapian, A., Teimournezhad, S., & Ghanbari, N. (2013). Reflective
journal writing: Exploring in-service EFL teachers' perceptions. System, 41(3), 503-514.

2. Alger, C. (2006). "What went well, what didn't go so well': Growth of reflection in pre-
service teachers. Reflective Practice, 7(3), 287— 301.

3. Ciampa, K., & Gallagher, T. (2015). Blogging to enhance in-service teachers' professional
learning and development during collaborative inquiry. Educational Technology Research
and Development, 63(6), 883-913.

4. Conway, P. (2001). Anticipatory reflection while learning to teach: From a temporally
truncated to a temporally distributed model of reflection in teacher education. Teaching and
Teacher Education, 17(1), 89—106.

5. Farrell, T. (2003). Learning to teach English language during the first year: Personal
influences and challenges. Teaching and Teacher Education, 19, 95-111.

36 Homi Bhabha Centre for Science Education, TIFR, Mumbai



International Conference to Review Research in
S @ / Science, Technology and Mathematics Education
epi EE10 January, 3 - 6 2025

6. Koellner, K., & Jacobs, J. (2015). Distinguishing models of professional development:
The case of an adaptive model’s impact on teachers’ knowledge, instruction, and student
achievement. Journal of Teacher Education, 66(1), 51-67.

7. Mathew, P., & Peechattu, P. (2017). Reflective practices: A means to teacher
development. Asia Pacific Journal of Contemporary Education and Communication
Technology, 3(1), 126—131.

8. Meierdirk, C. (2017). Reflections of the student teachers. Reflective Practice 18(1), 23-
41.

9. Rodgers, C. (2002). Defining reflection: Another look at John Dewey and reflective
thinking. Teachers College Record, 104(4), 842-866.

Homi Bhabha Centre for Science Education, TIFR, Mumbai 37



International Conference to Review Research in

S @ / Science, Technology and Mathematics Education
epi EE10 January, 3 - 6 2025

38

@

Differing Approach in Design of Teaching Learning
Material on Soil for Students with Different Backgrounds

Sreeja M., Asmita Redij’, Ankush Gupta
Homi Bhabha Centre for Science Education, TIFR, Mumbeai, India.
sreeja@hbcse.tifr.res.in, asmita.edu.re@gmail.com*, ankush@hbcse.tifr.res.in

This paper presents a comparison of resources developed on the same theme, ‘Soil’, as a part of
two different projects/studies namely, Vigyan Pratibha (VP) and Culturally Responsive Science
Teaching (CReST) catering to audiences with distinct backgrounds. VP reaches students from
mostly urban backgrounds while CReST to students from remote tribal regions. In this we discuss
the distinction in student's day-to-day experiences based on their socio-cultural background and
rationale behind the design of the resource materials developed. Also emphasizing on the need for
contextualising classroom discourse based on students’ cultural capital, making even the science
classrooms relevant and responsive.

Keywords: Comparative Study, Local Context, Responsive Approach

Introduction

Soil is present everywhere on earth, but there can be significant differences in the experiences
the students have with soil, based on their background. In this paper we will discuss the tales of
two modules developed on the same topic, ‘Soil’, as a part of different projects/studies, one
catering to a broad group of students (spanning urban and rural backgrounds) while other catering
to students from remote tribal regions. It will highlight the differences in the students’ experiences
and bring out the contrasts in the approach in module designing.

Sampling, Research Method and Data Collection

For this study we consider two projects which cater to students from different socio-cultural
background;

A. The Vigyan Pratibha (VP) project was introduced for secondary school students, to nurture
their talent in science and mathematics (Gupta A., 2018). Many of the schools involved
cater to students from urban backgrounds who might not have direct experience with soil.
Even some of the rural school students today are found to have very little experience of
playing/working with soil.

B. Culturally responsive science teaching (CReST) studies carried out with the aim to bridge
the divide between students’ day-to-day experience and the classroom discourse for
secondary class. Here we focussed on students from tribal regions who are well connected
to nature (Redij A. et al., n.d.). They have a close connection with soil.

The data for VP included observation notes and students’ written responses of VP Learning
Unit, from two Kendriya Vidyalaya schools in Mumbai and Mumbai Suburbs. The data for
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CReST included observation notes taken during the school visits to understand the student’s
culture and audio recordings of student interaction during classroom trials of the module in two
tribal schools in Gadchiroli district. Comparative studies carried out with a Socio-constructivistic
worldview using qualitative analysis methods.

Findings

Comparing students’ connect to ‘soil’

The students reached by two projects showed different engagement with soil based on their
socio-cultural background. Differences from students’ responses are highlighted in Table 1.

VP (Urban) students CReST (tribal) students
1. Students’ connection with soil was 1. Soil is used to make articles, toys and
limited to playing outdoor games such equipment to catch birds.
as cricket, kabaddi and football. 2. Soil used to plaster mud walls and painting.
2. Known use of soil was chuna for 3. Use of soil for medicinal purposes.
painting walls, and geru for rangoli. 4. Most of them have close familiarity with
3. The majority of them are not familiar farming and some in brick making.
with soil related activities such as 5. Colours of soil seen are red, yellow, white,
farming, gardening and construction. black and gray.
4. Colours of soils seen are red, black and
grey.

Tablel. Table below list the responses related to student’s connection with soil collected through students’ responses
and fieldnotes from classroom observations.

Reviewing design of the modules for different audience

The students from tribal regions have direct engagement with activities related to soil while for
other group it’s tertiary mostly through books or media. The design, approach and learning
outcome of the modules differ based on the student’s background as highlighted in Table 2.

Project: VP: No soil, no us; know soil, know us! [ CReST: Soil, plant and us
Module

Aim Explore diversity of soil in locality, its To detect the presence of iron in soil
physical and chemical properties, and and its transfer to plants and humans
usage through observation, tests, (elemental cycle) through activities such
classroom discussion and interaction as observation, thinking, discussions,
with elders. hands on experiments, role play etc.

Approach | 1. Deficit-based approach providing 1. Asset-based approach integrating

missing experiences, using open prior knowledge. Connecting the
ended questions for students to think daily life experience of soil with the
about the use and properties of soil classroom curriculum.
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and routes for re- construction of 2. Learning process of scientific
soil. inquiry by comparing iron in soil
2. Tasks developed to recognise the samples with blank test and control
importance of discoveries for social samples.

and economic reasons.

Learning | Cover multiple properties of soil giving | Discussing the funds of knowledge
Outcome | exposure to the missing experiences students possess. Focus on the theme of
related to soil. Learning through inquiry [ transfer of micronutrients at different
and discussion, less details of underlying | biotic levels and their role at each level.
chemistry (to limit the module length Underlying chemistry is taught

and to maintain consistency with explicitly.

national curricula).

Table 2. Highlights of the similarities and differences in aim, approach, outcome of the two modules on soil.

Conclusion

The design of the modules took cognisance of the students’ background and their experiential
capital. For urban students it acts as a scaffold to give them the missing experience, building their
connection to nature. For students from tribal regions with close connection to nature and thus the
soil, it serves to connect their experiences to the classroom discourse and appreciate its relevance
in their day-to-day life.
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Atal Tinkering Laboratory (ATL) claims to provide a unique platform for young learners to
explore, innovate, and develop solutions to real-world challenges. To fully realise the potential of
such labs, a closer look at their implementation in schools and achievement of intended
objectives is necessary. To this end, this study aims to explore the experiences and teaching-
learning processes of ATL in a private school. Using semi-structured interviews and classroom
observations, we gathered insights from different stakeholders, examining various aspects such
as infrastructure, resources, course structure, pedagogy, assessment, learning outcomes, teacher
training and support, motivation, challenges, and future aspirations.

Keywords: Atal Tinkering Laboratory, Experiences, Teaching-Learning Processes

Introduction

The concept of maker spaces in educational settings has gained significant attention in recent
years. Similarly, Atal Tinkering Laboratories (ATLs) are established with an intent to offer
learners a dedicated workspace where they can freely explore, ideate, and create solutions to
real-world problems from a young age (National Institute of Transforming India Aayog, 2021).
The primary objective of ATL is to foster a DIY (do-it-yourself) culture and develop innovative
and entrepreneurial skills, while deepening their understanding of STEM fundamentals.

Despite the potential of such lab, it is essential to examine how they operate within school
settings and whether they are meeting their intended goals. Some studies have been conducted in
the last few years which have tried to understand the awareness of different stakeholders
regarding ATL (Kavya & Rishinath, 2019), and how effectively it is implemented in school
settings (Pathak & Mane, 2022). As ATL is still in its initial stage, limited research has been
conducted on this initiative. To fully comprehend how such lab functions within schools, a
comprehensive analysis of various aspects, including curriculum integration, classroom
dynamics, stakeholder experiences, and more, is necessary. To this end, this study aims to
explore the perceptions, experiences, and teaching-learning processes of ATL. We have tried to
look into various aspects including the infrastructure, resources, course structure, pedagogy,
assessment, learning outcomes, teacher training and support, motivation, challenges, and future
aspirations.

Methodology

This study was conducted at a private school, Dayanand Anglo-Vedic (DAV), in East Delhi.
The participants included the principal, the lab in charge, and students (23). To gather
information regarding infrastructure, a checklist was employed. To gain insight into the
classroom environment, lesson transaction, activities conducted and student engagement,
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classroom observation was carried out. To understand stakeholders’ perspective, semi-structured
interviews were conducted. The data has been analysed using thematic analysis (Braun &
Clarke, 2006, 2012). This comprehensive approach enabled us to gain a deeper understanding of
the ATL's impact and dynamics within the school setting.

Findings and Conclusion

We found that in particular setup, the students' motivation to participate in ATL was largely
driven by personal interest and teacher encouragement. Most of the students agreed that the
resources are available and support them in learning. Participants have positive responses
towards pedagogy followed and supportive learning materials. The experience seems similar to
that of Fab Lab (Fabrication Laboratory) which closely aligns with DIY movement and maker
culture. The researches on fab labs’ impact on learning revealed consistent findings including
enhanced learner interest and engagement, positive attitudes towards utilising such labs, and
initial tool-handling difficulties followed by rapid adaptation (Rayna, & Striukova, 2021; Togou
et al. 2020).

The overall experiences of the stakeholders in ATL, also revealed various areas which need
improvement in terms of refining assessment methods, providing comprehensive career
guidance, adequate funding, salary of in charges, frequent industrial exposures, coordinating
calendar activities with term exams, and formalising programs to maximise the impact.

It is however important to note that the conclusions drawn from this research are specific to
the participating school owing to the study's localised and small-scale design, and their broader
applicability remains to be explored.
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NEP 2020 has stressed the introduction of a Multidisciplinary Curriculum also indicated by its
appearance 70 times in the document. However, as a policy document, it is not scoped to thrash
out the meaning or the way to implement it, leaving out a space for lack of intersubjective
understanding. At the same time, providing opportunity to explore and understand varied
perspectives. A series of three workshops were conducted with 85 undergraduate teachers from
across Maharashtra to help design a multidisciplinary module. This article highlights the analysis
of a multidisciplinary module design based on curriculum framework and graduate attributes
criteria. The study suggests that the challenge seems to be in the seamless integration of various
disciplinary ideas centred around a theme. The SOCME diagram is a helpful tool and there is a
need to orient teachers in this direction.

Introduction

Traditionally, undergraduate students get domain-specific training. However, multidisciplinary
curriculum implementation is becoming increasingly important as it improves cognitive, affective
and critical thinking abilities (Aris et al., 2017). The ability to work with multidisciplinary team
is being viewed as the need for 21* century undergraduate educational outcomes (Hardy et al.,
2021). In India, there has been a wide range of conceptions about the definition of
Multidisciplinary Curriculum since the introduction of NEP 2020. Some of these are as follows.

a) liberal arts,

b) subjects such as archaeology, architecture which is informed by multiple domains,

c) the choice-based credit system (CBCS) which offers choices to take multiple disciplines,
d) cluster universities/colleges with arts, science and commerce streams.

UNESCO (2013) defines multidisciplinary education as, “An approach to curriculum
integration which focuses primarily on the different disciplines and the diverse perspectives they
bring to illustrate a topic, theme or issue. A multidisciplinary curriculum is one in which the same
topic is studied from the viewpoint of more than one discipline”. (p.42)

Theoretical Framework

Novak’s theory of meaningful learning includes the development of cognitive abilities, skills
and the affective domain. Multidisciplinary thinking is a cognitive ability as well as a skill that
needs to be developed at the undergraduate level to solve present-day real-life problems such as
climate change, water scarcity etc. Even technological advancements such as space exploration
need a multidisciplinary approach. Thus, it is important to inculcate multidisciplinary perspectives
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to solve a real-life problem (Golding, 2009). However, there is no prescriptive syllabus available
for teachers to impart these ideas. Workshops were organized to facilitate HE teachers to design
multidisciplinary modules and, we explored quality of these modules through this study.

Research Questions

The study aims to address the following research questions:
e What aspects of curriculum design mentioned in the National Higher Education
Qualifications Framework Document is included in a multidisciplinary teaching
module designed by undergraduate teachers?

Methodology

A series of three workshops were organized for teachers (n=85, experience- 5 to 15 years) from
various disciplinary domains. The participants were introduced to the aspects of curriculum
design, active learning pedagogies, assessment techniques, and SOCME diagram before they
engaged with the development of a multidisciplinary module. Systems-oriented concept map
extension (SOCME) explicitly brings out the interconnections between various sub-systems
(Matlin, 2020). A problem statement was given to teachers based on themes that are inherently
multidisciplinary, for example, agriculture, pollution, water management etc. Seventeen groups
designed the multidisciplinary module. A rubric was devised for the assessment of the
multidisciplinary module based on a) the quality parameters b) the graduate attributes described
in curriculum documents (UNESCO, 2016; MoE, Gol, 2022). These graduate attributes have been
identified as desirable by experts and is also recommended by UGC.

Findings

An initial group discussion indicated that the teachers do not have a clear understanding of what
exactly is meant by a multidisciplinary approach. The modules by most of the groups of the first
workshop fell short in including graduate attributes such as problem-solving, critical thinking, etc.
Additionally, there was some inadequacy in the seamless weaving of different disciplines around
the given theme. The next two workshops emphasized these aspects with the help of the SOCME
diagram resulting in improved scores.

Performance on curriculum design aspects
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Fig. 1. Curriculum design aspects
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Comparison of Various Groups
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Conclusion

Undergraduate teachers need to be oriented toward what a multidisciplinary curriculum is.
Through the SOCME diagram, teachers can visually see the connection between various
disciplines around a theme. The result of our study suggests the feasibility of developing a
multidisciplinary module by UG teachers wherein sciences, social sciences, humanities and
engineering can be integrated easily. The module can be implemented. Further study with students
can be carried out for understanding the learning outcome.
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