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Many studies have indicated the loss of learning in the experimental part of the curriculum during the
pandemic situation. Many universities started exploring various alternatives like simulations, sending
experimental kits to students, and providing images and videos of experimental procedures to
compensate for the lack of availability of laboratories. Though students could explore and collect data
using these alternatives, it is imperative that they understand the reason behind adopting these
procedures (procedural understanding) and the choice of instruments. Unless deliberate efforts are
made to convey these aspects, students might develop an inadequate understanding of these
aspects of the experiment.

Therefore, we designed our online laboratory (https://shirishpathare.com) with the specific purpose of
helping students to develop some of these experimental reasoning skills. Our methodologies for
designing and implementing these experiments were based on a modelling framework (Dounas-
Frazer & Lewandowski, 2018) and model making - model breaking approach (Vonk, Bohacek, Militello
& Iverson, 2017). In the modelling framework, students have to develop empirical models and
troubleshoot any discrepancies that they encounter in this process. With the help of the model-making
and model-breaking approach, students can devise different data collection and data analysis
procedures for video and simulation experiments.

The experiments designed for our online laboratory were (1) Diffraction of light using one-dimensional
diffraction grating, (2) Repulsion between two magnets, and (3) Angular speed of a ceiling fan. These
experiments were given to the students in two national-level online camps. In the first camp, we
interacted with the students of the Indian Physics Olympiad program, and in the second camp, we
worked with post-graduate women students from different universities in India. In both the camps,
students were initially provided with some orientation about aspects of procedural understanding.
Later, we gave them the three online experiments and asked them to attempt them individually.

In each of these experiments, information related to the apparatus was provided through descriptive
text. Videos and images of the experiment were given. During the data collection, measurements of
the corresponding variables were to be carried out within specified levels of uncertainty. Based on
this, students had to accordingly devise their measurement procedures and choose the appropriate
measurement apparatus. We expected them to use their knowledge and understanding, possibly
developed through the preliminary orientation, for the data collection and data analysis process.
Students were asked to submit their data in a specific format and respond to questions in a Google
Form. These responses and the submissions helped us to probe their knowledge with respect to their
procedural understanding skills. From their responses, we could see that students had used their own
reasoning to make their choices about variables, measurement procedures, and analysis methods.
Students’ responses were discussed in detail in another session with them. Later, students provided
feedback about this new open-ended way of performing an experiment. In this presentation, we
discuss the design and implementation of our experiments along with students’ responses.
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