


Augmented Reality (AR) devices like the HoloLens 2 display 
3D computer-generated content that looks like it’s in the 
room without blocking the users view of the world around 
them, making it possible to display representations of physics 
concepts that can be easier to understand and more accurate 
than traditional representations. 

Upon seeing the opportunity this represents to physics 
education, I started creating and studying the effectiveness 
of applications that harness modern AR to improve student 
learning. One application allows students to create and 
move electric charges while seeing how the 3D electric field 
changes in real time. Students move charges by grabbing 
and moving them with their hands. The position of the field 
and charges is fixed to the room, so when a student moves, 
they see the same content but from a different perspective. 
Further, everyone using an AR device sees the same content 
in the same place, so students can collaborate seamlessly. 

Another application is a game where students place electric 
and magnetic fields in the room to direct moving charges 
toward a goal. In yet another application, students exert forces 
on a pipe with curves and a fixed base so they can see how 
forces cause the structure to rotate. 

Recently, I have been collaborating with Dr. Howard Winston 
and Dr. Diego Valente at the University of Connecticut, 
determining the effectiveness of five simulations created by 
UCONN to introduce electricity and magnetism topics. Work 
is ongoing, but it is clear that students are excited to try these 
new technologies. I also am collaborating with Dr. Megan Kelly, 
an assistant professor in SU’s Accounting and Legal Studies 
Department, where accounting students present to virtual 
board members to develop soft skills, such as confidence and 
communication.
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Since 2016, I have implemented mastery grading in my 
algebra, calculus and linear algebra classes. Mastery grading 
is a pass/fail grading system that requires high standards 
for students to receive credit, but it allows for full-credit 
reattempts. 

Every homework assignment, quiz and exam question is 
graded on an Mastery/Progressing/Needs Improvement (M/P/
NI) scale, with only completely correct work receiving an M. 
Every quiz and homework assignment may be resubmitted, 
while exam topics can be reattempted on future exams, 
which are given every three weeks. This encourages students 
to review their work, attend office hours and thoroughly 
understand each course topic. A student’s course grade is 
based on the cumulative number of Ms they receive by the 
end of the semester.

I detailed my approach, grade outcomes and student 
feedback in the paper “Mastery-Based Testing in Calculus with 
a Final Exam,” which was published in the issue “Implementing 
Mastery Grading in the Undergraduate Mathematics 
Classroom” of the journal PRIMUS (Problems, Resources, and 
Issues in Mathematics Undergraduate Studies). I also spoke 
about mastery grading at the Joint Mathematics Meetings 
of the American Mathematical Society and Mathematical 
Association of America and SU’s annual Teaching and 
Learning Conference.
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