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Objectives
To enable the student teacher to:

· Understand science, its nature, its process and epistemic criteria

· Develop own perspective on the relevance of science and science teaching.

· Understand the aims and objectives of teaching science at various school stages.

· Understand the learning of science by children, what it means to know  a scientific concept 

· Develop the ability to design, manage and assess appropriate teaching-learning experiences in the context of school science.
Unit – 1: Nature of Science and its knowledge
Note: This unit intends to help student teachers develop an understanding of the nature of science and scientific knowledge that will help them take decisions while designing, managing and in assessment of learning experiences in science.  Some topics covered will be:
· Science, scientific method and scientific knowledge - dynamic nature, understanding the natural world using the scientific method, science as a process and product contribution of science in human being.
· Nature of scientific explanation and scientific theories and laws - understanding how scientific theories and laws are constructed and get accepted.
· Paradigmatic changes in scientific knowledge

· Current challenges to science in explaining complex phenomenon

Suggested practicum/tasks:
· Discussion on the learner competencies that can be developed through the study of science (related to the nature of science)

· An analysis of how successful their own school years were in meeting the aims and objectives of science and what changes they would like to make in the curriculum/transaction as teachers
Readings:
1. Position paper - National Focus group on Teaching of Science

2. The structure of scientific revolutions, Kuhn

3. The Nature of Science and Scientific method – The Geological Society of Americahttp://www.geosociety.org/educate/NatureOfScience.htm
4. Singh, Rajendra (2005). The Nature and Scope of Science. Proceedings of the International Seminar on Science Education.VBERC, Udaipur 2005. 

5. Agrawal, Atul (1995).Dismantling the Divide Between Indigenous and Scientific Knowledge http://www.colorado.edu/geography/class_homepages/geog_6402_f10/Agrawal%201995.pdf
6. The Nature of Science and Science Teaching, Micheal R. Matthews, International Handbook of Science Education, 981-999, B.J. Fraser and K.G. Tobin (eds), 1998, Kluwer Academic Publishers Printed in great Britain.
7. Vigyan ki buniyaad, Karen K. Lind.  
8. Methods of enquiry in science, Amitabha Mukherjee. Proceedings of the International Seminar on Science Education. VidyaBhawan Education Resource Centre, Udaipur 2005, 173-177
Unit -2: Perspectives on science and society
Note: This unit is intended to help student teachers develop an understanding of science as a discipline and its relevance to society by looking at it through the lens of history and debates around the practice of science. The teacher educator is expected to develop the following ideas along with specific examples and tasks for student teachers:
· Science in our lives and investigating its inter-relationship with technology.

· Science and society - how each influencesthe other, gender representation in science, science as a social activity, literature related to scientific endeavour, science as a tool of oppression as well as liberation

· Ethics and science - values associated with science, current debates on the ethics of scientific endeavours

· Teaching of science in schools – a historical perspective

· Social attitudes towards nature of science and scientific knowledge 

· Scope of science – branches & application.

Suggested practicum/tasks:
· Student teachers develop an interview schedule to interact with family and friends to get an understanding of how they view science and its relevance to their lives; they analyse the data and present it in the form of a report along with their own views.

· Guided reading of texts describing the perception of science through the ages (the creation versus evolution debate, Galileo and the Inquisition, science as a cause of social divide, etc)

· Debates on issues like nuclear energy, cloning, using animals for medical research, genetic engineering, etc
Readings:
1. Isaac Asimov. (1994). Asimov's Chronology of Science & Discovery: Updated and illustrated. Harper Collins
2. A history of conceptual change research, Threads and Fault lines, Andrea A. diSessa (From TISS Material)Cognition, Construction of Knowledge, and Taching, Earnst von Glasserfeld, Synthese 8-(1), 121-14(special issue on education),1989 
3. Science for all Americans Online www.project2061.org/publications/sfaa/online/sfaatoc.htm
4. Science and Human life (1933), Harper and Brothrs, Ayer Co. reprint:ISBN 0-8369-21615 (JBS Halden)

5. Science and everyday life (1940) Macmillian, 1941 Penguin, Ayer Co. 1975 reprint:ISBN 0-405-06595-7 (JBS halden)
6. Raina, Dhruv (2006). Towards a Global History of Science: The Relationship between Science, its History and Theory of History. Sites and Practices: An Exercise in Cultural Pedagogy by Madhushree Dutta and SmritiNevati (eds), Majlis: Mumbai, 2006. 232-242.

7. Sinha, Ravi (2005). Overcoming Ideology through Science. Proceedings of the International Seminar on Science Education. Vidya Bhawan Education Resource Centre, Udaipur 2005.

8. Examination the Enlightenment: the contribution of science education to culture, Michael Matthews. The Proceedings of the International Seminar on Science Education. Vidya Bhawan Education Resource Centre, Udaipur 2005, 4-8.

UNIT 3: Curriculum, syllabus and textbooks
Note:  Teachers are responsible for transacting the curriculum; hence an understanding and the ability to analyze it are desirable. Student teachers should be able to appreciate the reasons for including a particular topic and handle the content. Teachers should not take textbook as the only resource but should look for local examples and more relevant resources related to the content area. They should also be prepared to critically examine textbooks.
· Aims and objectives of science teaching at the primary, upper primary, secondary and higher secondary stages

· Criteria for analysis of school science curriculum (place of science in the school curriculum, content areas, sequence, linkages, promotes values of objectivity, honestly, cooperation and freedom from fear and prejudice, opportunities to appreciate larger issues concerning science and society, etc)

· Analysing a few syllabi of science at upper primary and secondary stages- Underlying principles, criteria for judging syllabi

· Textbook as one of the resources

· Criteria for textbook analysis (content within reach of target group, content is represented accurately and conveys the meaning,  content is placed in wider context of learner’s environment- local and global, quality of printing, accuracy of diagrams, interesting presentation of content, etc)
Suggested practicum/tasks:
· Critically analyse state science curriculum and discuss how it can be contextualised to the local environment

· Critically analyse the science textbook of any class between VI and X; on the basis of this analysis, develop guidelines for textbook writers 

· Guided reading of sections of the NCF 2005
Readings:
1. Position Paper on Curriculum, syllabus and textbooks. NCERT 2005

2. Varma, Vijaya S. (2005). The Basis for Curricular Choices in Science.  Proceedings of the International Seminar on Science Education. VidyaBhawan Education Resource Centre, Udaipur 2005. 99-103. 

3. La Velle, L. B., McFarlance, A., Brawn, R. (2003). Knowledge transformation through ICT in science education: a case study in teacher-driven curriculum development – Case-study 1. British Journal of Educational Technology, 34, pp. 183-199

4. Science teaching-constructing an alternative, H.K. Dewan, 2004

5. Park, M., Park, D., Lee, R. E.  (2009). A comparative analysis of earth science curriculum using inquiry methodology between Korean and U.S. textbooks. Eurasia Journal of Mathematics, Science & Technology Education, 5, pp. 395-411.

6. Porter, A. (2004). Curriculum assessment. In: Complementary Methods for Research in Education. J. Green, G. Camilli, P. Elmore (Eds.) Washington DC: AERA. pp. 141-159. 

7. Porter, A.C., Smithson, J.L. (2001). Defining, developing and using curriculum indicators. CPRE Research Report Series RR-048. Consortium for Policy Research in Education. University of Pennsylvania. http://www.cpre.org/sites/default/files/researchreport/788_rr48.pdf
8. Schmidt, W. H. (1992). TIMSS curriculum analysis: topic trace mapping. Prospects, XXII, pp. 83-90

9. Vivayic and Project Lead the Way. How do you recognize a rigorous and relevant curriculum? A method for analyzing rigor and relevance in science and mathematics curricula. Curricula Analysis Whitepaper. http://www.vivayic.com/whitepapers/curricula_analysis.pdf
10. How children learn: Consideration of designing a science curriculum. Proceedings of the International Seminar on Science Education. Vidya Bhawan Education Resource Centre, Udaipur 2005, 92-95
Unit 4: Understanding learners to develop a good science classroom
Note:  This unit intends to help student teachers understand the learner in the context of science teaching-learning and also understand the elements of a good science class
· Diversity in the class –diversity among learners and diversity in thinking exhibited by children in acquiring the scientific concepts

· Literature review and secondary data analysis to understand science learning of the learner. For example, intuitive perceptions and understanding of natural phenomenon-like force, motion, etc. 

· Qualitative and quantitative techniques to assess the learners understanding of science (like interview , questionnaire etc)

· Developing democratic  and interactive class 

· Developing scientific skills in the learner- observing, building hypothesis, recording data, organizing data, measurement , generalization, reading and following instructions, conducting experiments,  observing and deducing patterns and relationships, categorizing, etc

· Development of scientific communication skills- comprehend science text, reporting, expressing  own ideas, etc

· Equitable provisioning for science learning- providing access to resource material, identification of learning resource from immediate environment, science experiments, kits, , ICT-mediated learning, taking science outside the four walls of a room
Suggested practicum/tasks:
· Student teachers document observations related to local flora and fauna, including local uses and any stories the community may have about them

· Interview , questionnaire etc to be developed and used by student teachers among children in the neighbourhood

· Student teachers observe videos of science classes and discuss the elements of what appears to work and what does not

· Discussion around the contents of the unit anchored in a specific content area in school science

· Student teachers observe science classrooms and discuss the challenges a teacher faces in developing a good science class

Readings:
1. Sadhna Saxena (2005). Constraints on Transforming Science Education. Proceedings of the International Seminar on Science Education.VidyaBhawan Education Resource Centre, Udaipur 2005.

2. Varma, Vijaya S. (2004). How should physics be taught to facilitate understanding. 129-137. Construction of Knowledge.VidyaBhawan Education Resource Centre, Udaipur 2005.
3. Children's science and its consequences in teaching, Gilbert, J.K, Obsorne, R.J. et al, Science education, 1982,66(4):623-633

4. The role of Students' Epistemological Knowledge in the Process of  Conceptual Change in Science, John Leach and Jenny Lewis, University of  Leeds, UK (From TISS Material)
5. Bohlin, Roy M. 1998. The Affective Domain: A Model of Learner-Instruction Interactions. In Proceedings Selected Research and Development Presentation at the National Convention of the Association for Educational Communications and Technology (AECT) pp. 39-44.

6. Kronholm, M. and J. Ramsey. 1991. Issues and analysis: A teaching strategy for the real world. Science and Children. October: 20-23.
7. R Driver, A Squires, P Rushworth, V Wood-Robinson. (2002). Making sense of secondary science: Research into children’s ideas. Routledge Press
8. Rosalind Driver, John Leach, Robin Millar and Phil Scott. 1996. Young's Peoples images of Science. Open University Press (January 1, 1996). ISBN-13: 978-0335193813 .
9. M Buldu. (2006). Young children’s perceptions of scientists: a preliminary study. Educational Research, 48 (1)

10. M Monk. (2006). How science works; what do we now? School Science Review. 88 (322). 

11. D Mc Gregor. (2007). Developing thinking, developing learning: a guide to thinking skills in education. Open University Press (Maidenhead)
12. New UNESCO source book for science teaching. (1973). UNESCO
13. M Shyer, PS Adey. (1981). Towards a science of science teaching. Heinemann Educational (London)
14. T Liverside, M Cochrane, B Kerfoot, J Thomas. (2009). Teaching Science. Developing as a reflective secondary teacher. Sage India
Unit 5: Teaching and learning of Science
Note: Student teachers re-visit key content areas in the school science syllabus in the light of the possible approaches to teaching them in the classroom. These areas have been chosen because they are fundamental concepts and because it has been observed that student teachers often do not have clarity on them. The following could be done for each of the key content areas:

1. Discussion of knowledge learners are likely to bring into the class and how the teacher can use this

2. Analysis of content areas

3. Developing unit plan and resources

4. Exploring different ways of creating different learning situations for different content areas (e.g. inquiry, problem solving, investigation, discovery learning, cooperative learning etc)

5. Links between concepts

6. Challenges teachers may face (in transaction of content, resources, supplementary material, large number of pupils, etc) 
Key content area of Science:  Understanding the physical world and the living world
· Motion

· Force, energy and work

· Pressure

· Friction

· Gravity
· Cell structure and function (plant and animal) – Prokaryotic & Eukaryotic

· Micro-organisms - concept, types and their uses.

· Form and function (plants and animals)
Note:  The above given content area is of class 6th to 10th standard.
Readings:
1. Berkley Physics course Vol. 1

2. Feynman lecture series (Volumes 1). Pearson.
3. D Sang. Teaching secondary physics. ASE (John Murray)
4. NCERT science textbooks (classes 6-10)

5. Motion and Force, Part 1- Motion, Module by Eklavya

6. Conceptual physics, Paul G. Hewitt, 10 th edition, Pearson, ISBN, 978-81-317-1553-6

7. Understanding Physics, Cummings, laws, redish, Cooney, Wiley India Pvt. Ltd. ISBN 81-265-0882-5

8. School Physics   Nelkon
9. Kaha bal Kya urja, S. B. Velankar, Sandharbh, Jan-Feb, 1998, 9-16
10. Urja hi he sab kuchh, S. B. Velankar, Sandharbh, July-Oct, 1998, 93-100
11. Kya humare vishwas Newton ko na mane, Anita Rampal, Sandharbh, July-Oct, 1998, 28-36
12. JB Reece, LA Urry, ML Cain, SA Wasserman, PV Minorsky, RB Jackson. Campbell Biology. Benjamin Cummings

13. Articles from Sandarbh – Jeevshastra ke kucch bhram

14. On being right size, J.B.S. Halden (Arvind Gupta site)

15. Microbiology mane Bird watching, Milind Watav, Sandharbh, Nov-Dec, 1997, 5-10

16. Cell module, Eklavya

17. The lines of a cell, Notes of a biology watcher, Lewis Thomas (book), 

18. Cell biology by Gerald Karp, John Wiley and Sons Inc

19. NCERT. Science text books (class 6th to 10th)
