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Abstract
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Computation has become a standard tool for practicing scientists and

engineers. Educators and education researchers have been working to
find the best ways to integrate this into the curricula at all levels to best
prepare students for careers in STEM fields. The STEMcoding project
Integrates programming activities in introductory physics courses at the
high school and undergraduate level [1,2,3]. | analyzed pre- and post-
assessment data from the Fall 2017, Spring 2018, and Fall 2018
semesters of General Physics Il at the University of Mount Union and
compared this data with results from the Brief Electricity and Magnetism
Assessment — a nationally recognized undergraduate physics
assessment [4]. | analyzed how students answered a few basic
conceptual questions before and after completing the STEMcoding
activities to see If the activities helped provide a better understanding of
those concepts. | also compared the STEMcoding assessment results
to the BEMA results to see how the context of these questions reflected
students understanding of certain physical concepts. This work will
contribute to the pursuit of integrating computation into classrooms to

. prepare students for STEM careers. P

Background

The STEMcoding Project teaches students fundamental physics concepts
through the use of computer programming activities ranging from velocity
and acceleration to electricity and magnetism [1,2,3]. These activities
were introduced to students taking an electricity and magnetism
Introduction physics class at the University of Mount Union during the Fall
2017, Spring 2018, and Fall 2018 semesters. Most of these students are
sophomores and juniors and 82% are STEM majors, however, 73% had
never written or modified a computer program before.

STEMcoding Activities

Introductory activities teach students the basics of the p5.js computer
language that is used in all the activities and some useful troubleshooting
tips. These coding activities start with part of the code already written and
some are framed in the context of a videogame like Pong or Bonk.io [5].
Most activities also include pre- and post-quizzes to test students’
knowledge about the physical concepts before and after completing an
activity [3,4]. Some examples of the activities are shown below.
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Figure 5 above shows the results from the BEMA question of what
direction a magnetic field would point inside the shaded area to cause
this path of travel for a negatively charged particle [4]. This produced
the desired result before and after taking General Physics II.
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Figure 4 above shows the results from the BEMA question of what
direction an electric field would point inside the shaded area to cause
this path of travel for the negatively charged particle [4]. This did not
exactly have the desired result.
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Figure 6 above shows the figure used in some of the BEMA questions that the

results in Figures 4 and 5 are referencing [4].

80

Figure 7. Possible trajectories of a

70

60

Students
N Ul
o o

w
o

20

10 I
. I =
a b C d e
Pre-Quiz m Post-Quiz

Figure 8. Shows the results of a STEMcoding
assessment question that uses animated figures
to ask the question of the correct trajectory of a
positively charged particle in a constant electric
field [5].

/Figures 3 and 8 show that the results frorh
animated guestions about the behavior of a

charged particle yielded the correct answer
both before and after completing a
STEMcoding activity. The written BEMA

90 guestions resulted in more wrong answers
30 charged particle in an electric field @an the animated questions. /
70 [5].
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Conducting these programming activities allows students to interact with the
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