
Coding activities facilitate positive physics 
learning opportunities.

Victoria Arbour, Owen Butler, Martin Williams, Michael Massa | University of Guelph Physics Department

In a second-year electricity and magnetism course, students engaged in an activity to develop their understanding of curl
and divergence by numerically computing vector derivatives of a 2D vector field. From the student perspective, the series of
events was as follows:

After the data was collected, the method for analysis was to compare the pre- and post-quizzes for each student and
quantify any learning gains or losses made for each vector derivative. Then, learning gains were categorized based on how the
student coded the vector derivative (i.e., correctly, incorrectly, not at all). The pre- and post-quizzes were further analyzed for
changes in approach to the vector derivative problems.

Methods

Computation is an integral tool used in the field of physics, making it crucial to teach to our undergraduates. Additionally, 
many benefits of including computational physics in the curriculum have been identified, such as: [1]

It is no surprise that introducing computation into the physics curriculum benefits students, but we wanted to know:
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How do computational exercises impact physics learning? 

Analysis & Results

Coding the vector derivative correctly relates to a 
higher increase in understanding than not coding it

There is no difference between coding the vector 
derivative incorrectly or not at all

Figure 1. A violin plot depicting the distribution of learning gains based on the coding 
category the vector derivative falls within for the computational physics activity

Table 1. Results of linear regression 
testing difference between coding 
engagement types

The computational activity 
increased understanding 
without being detrimental 

when done incorrectly

Table 2. Categorization of vector 
derivative submissions on pre- and 
post-quizzes based on the tools 
used for justification and whether 
they were used correctly

Approach to vector derivatives shifted from more 
qualitative and incorrect to more quantitative and correct 

Students demonstrated a more correct understanding of all  
tools used to solve vector derivatives

The computational activity 
helped develop a more 
correct and holistic 

understanding
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def Field8(x,y):
Vx = x
Vy = np.zeros(x.shape)
return Vx, Vy


