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Derivations constitute a major component of physics education, particularly in India. They are usually
taught as a string of mathematical propositions and procedures with little to no connection to the
physical world (Sirnoorkar et al., 2016). This results in the whole teaching/learning process getting
restricted to symbolic manipulations and mathematical operations, with the aim of arriving at an
equation (Tuminaro & Redish, 2007; Walsh et al., 2007).
In an effort to improve the learning experience of derivations, specifically to present derivations as an
instance of building a mathematical model, we designed and developed an interactive learning
system and an associated teaching narrative. This combination presents derivations as a process of
systematically loading reality into mathematical symbols, to develop an ‘enactive prediction machine’
(the equation; Redish & Kuo, 2015). Through this structure, we make explicit the key processes
involved in mathematical modelling of a real-world process (Majumdar et al., 2014).
Providing an appreciation of the thinking process underlying derivations was one of our primary
design requirements. Some of the key design features of the system are:
•
•
•
•

Rootedness in familiar real-world contexts, with anchoring questions
Explicit rendition of the conceptual structure and key steps in the derivation process
Interactive visualization and manipulability
Enactive equations

Our goal was to understand how participants’ nature of learning was influenced by this new learning
system and narrative. We tested the system by inviting participants with a minimal background in
physics to interact with it. Results suggest that the system and associated teaching narrative provided
an improvement over prior learning experiences specific to derivations. We briefly discuss the inputs
we received, plausible reasons, and implications of these results.

REFERENCES
Majumdar, R., Kothiyal, A., Pande, P., Ranka, A., Murthy, S., Agrawal, H., & Chandrasekharan, S. (2014, August). The
Enactive equation: Exploring How Multiple External Representations are Integrated, Using a Fully Controllable Interface
and Eye-Tracking. Proceedings - IEEE 6th International Conference on Technology for Education, T4E 2014.
https://doi.org/10.1109/T4E.2014.31
Redish, E. F., & Kuo, E. (2015). Language of Physics, Language of Math: Disciplinary Culture and Dynamic Epistemology.
Science & Education, 24(5), 561–590. https://doi.org/10.1007/s11191-015-9749-7
Sirnoorkar, A., Mazumdar, A., & Kumar, A. (2016). Students’ epistemic understanding of mathematical derivations in physics.
European Journal of Physics, 38(1), 15703. https://doi.org/10.1088/0143-0807/38/1/015703
Tuminaro, J., & Redish, E. F. (2007). Elements of a cognitive model of physics problem solving: Epistemic games. Physical
Review Special Topics – Physics Education Research, 3(2), 020101. https://doi.org/10.1103/PhysRevSTPER.3.020101
Walsh, L. N., Howard, R. G., & Bowe, B. (2007). Phenomenographic study of students’ problem-solving approaches in physics.
Physical Review Special Topics – Physics Education Research, 3(2), 020108.

Proceedings of the IUPAP International Conference on Physics Education, ICPE 2022 5-9 December 2022, page 85, ISBN:
978-1-74210-532-1.

85 | ICPE 2022 Proceedings | Physics Education: Preparing for the Future

