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Work in Progress: Utilizing Virtual Reality for
Electromagnetism Instruction

Introduction

The theory of Electromagnetism (E&M) is an essential part of the modern technology. It is the
fundamental theory that underpins all electronics and light, and it is completely described by the
four equations known today as “Maxwell’s equations.” While these equations provide a correct
description of the physical world, E&M education goes beyond just learning how to manipulate
these equations. There are numerous canonical examples, scenarios, and approximations that are
taught as a base for E&M physics education, and all rely on 2D platforms, such as textbooks,
whiteboards, and blackboards, which have limitations in conveying the true three-dimensional
(3D) nature of E&M. A true understanding of E&M concepts requires building a physical
intuition of how these concepts and examples exist in real space. In this study, we explore the use
of Virtual Reality (VR) to improve E&M education by assisting with the creation of physical
intuition.

VR consists of head-mounted display technology, providing deeply immersive and interactive
real-time digital simulations. These simulations and the learning environment surrounding them
can allow students to take full advantage of their learning time. The immersive nature of VR fully
engages students in the targeted material[[1], while also allowing them to work at their own pace
to thoroughly understand the concepts. The most critical aspect of VR for education with respect
to E&M is that students are placed into a 3D simulation that allows them to view the digital world
they are studying from multiple perspectives[2]. As an example, VR can aid students in getting a
better understanding of the interactions of E&M fields and waves in an immersive, realistic, and
interactive learning environment, thereby facilitating a more engaging and effective educational
experience.

Motivation

Electromagnetism is one of the most difficult subjects for Electrical Engineering students, as it
requires building mental models involving structures for which students have no real-life
reference for. Magnetic fields surrounding a bar magnet have a canonical illustration presented in
classrooms using iron shavings to show the magnetic field lines, which allows students to create a
model for how magnetic field lines behave. There is no analogous demonstration for moving
magnetic fields, electric fields, or electromagnetic waves. There have been many attempts to
create such models, as the work done by Dori et al.[3]. However, our group aims to develop VR



applications that provide students with interactive models that can be employed to address
problems involving electromagnetism concepts.

Methodology

The VR experiences are developed using the Unity game engine. The process begins by defining
an experiment and the associated learning outcome. This paper presents an example of a VR
experience for an E&M application that demonstrates the concept of electromagnetic wave
polarization. Figure |I{shows 3D representations of electromagnetic waves with different
polarizations.

Figure 1: An in-lab representation of circularly polarized wave (left) and linearly polarized wave
(right).

The VR experience involves a dynamic experiment space, allowing students to actively engage
with the experiment and adjust the wave parameters such that they observe in real time the
resulting polarization of the wave. To engage students in the learning process, the interactive
visualization is set on the International Space Station, a setting where electromagnetic waves are
extremely relevant, both for observation and communication with Earth, as well as a danger from
the sun. One of the big advantages of using VR technology for education is that it is immersive;
however, one of the largest challenges in constructing VR applications is maintaining that
immersion. For the latter, our VR experience has been enhanced by a gamified narrative, as
interesting and immersive worlds can intrigue students and cause them to give more time and
attention to the material[4]]. Figure 2] provides a snapshot of the experiment set.

The student plays as an astronaut that has just arrived aboard the ISS, and needs to be trained in
the particulars of wave polarization. After their training, the station navigation breaks and the
student has to use their knowledge of wave polarization to save the station. The last part of
designing the lab is coming up with a knowledge test. The student has had a chance to play
around with the material, now they get to test their knowledge of it. In the wave polarization lab,
when the ISS “breaks,” the student has to correctly identify the polarization of incoming waves in
order to save the station. If they succeed, the station is saved and they can keep exploring. If they
don’t succeed, the student is given a thematic “game over” view of the ISS falling out of orbit,
and encouraged to try again (Figure |3)).



Figure 2: The ISS as the set of the wave polarization laboratory experiment.

Figure 3: View of incoming polarized waves (left) and the game over scene (right)

The design of the lab often gets interwoven with the implementation of the lab. A team of
undergraduate students worked on the development of these VR experiences. These students
come in with varying knowledge of Unity and programming, and are trained to use Unity and
develop software. Multiple participants have also reported that working on the development of a
VR lab has helped them understand the material they are working with better.

Once the labs are completed, students taking E&M classes have the opportunity to use them to
master the material. At the University of Illinois at Urbana-Champaign, students can sign up for a
lab course that is designed to be taken concurrently with the E&M lecture course. The 1 credit
hour laboratory course meets once a week to work through the VR lab experiment. The students
enrolled in this course get card access to the physical room where the computers and headsets are
kept, and can come in on their own time to additionally engage with the material. Evaluation of
our methods is currently underway using knowledge check questions, self-reported learning
results, and in-game behavioral tracking data. Each VR experience features a multiple-choice



quiz to check their understanding, and a short exit questionnaire after the experience. Quiz
questions are designed to encourage conceptual understanding over utilizing equations.
Post-experience questionnaires gather student feedback, which also allows the labs to be tuned
and improved. Finally, we gather data from the VR headsets to find what objects and game
features students pay the most attention while playing, to assess and tune how learning occurs in
the VR environment. Using headset tracking software, heatmaps can be generated and used to
inform where attention is focused in VR, allowing the developers to streamline the experience by
reducing distractions.

Results

Students that engage with the labs appear to experience positive outcomes regarding their
understanding of the E&M material. For the wave polarization lab, we have an qualitative
questionnaire that reports that the students that used the lab feel that they better understand the
concepts of wave polarization after taking the lab. Our results agree with prior work in virtual
learning environments such as Gonzalez et al.[5]. The team is in the process of obtaining IRB
approval to disseminate these results.

Discussion

Virtual reality is an incredible technology with potentially great applications in education. There
are however a few difficulties that need to be addressed. First, is accessibility. Our lab currently
uses a computer room with Oculus Rift headsets for the students to use. This hardware works
well but represents a significant overhead on the cost and space needed to use virtual reality to
teach. We are currently working on porting the VR experiences labs to untethered headsets, such
as the Oculus quest, a standalone headset. This could cut the cost of setting up a lab for students
by a factor of five or more. This introduces a new problem, as standalone headsets have less
computation power than desktop computers, and electromagnetic visualizations often involve
costly computations. Optimizing these VR experiences is a priority, to ensure that they run at a
comfortable frame rate for users [6].

Further information regarding the development and use of these VR applications, as well as how
to download and use them for educational purposes, can be found at
https://www.ilie.ece.illinois.edu/immersive-learning-lab.
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References

[1]

(2]

B.B. Witmer and M.J. Singer. Measuring presence in virtual environments. VA: U.S. Army Research Institute for
the Be- havioral and Social Sciences, 1994.

Chris Dede, Marilyn C. Salzman, R. Bowen Loftin, and Debra Sprague. Multisensory Immersion as a Modeling
Environment for Learning Complex Scientific Concepts, pages 282-319. Springer New York, New York, NY,
1999. ISBN 978-1-4612-1414-4.

Yehudit Judy Dori, Erin Hult, Lori Breslow, and John W. Belcher. How much have they retained? making unseen
concepts seen in a freshman electromagnetism course at mit. Journal of Science Education and Technology, 16
(4):299-323, Aug 2007. ISSN 1573-1839. doi: 10.1007/s10956-007-9051-9.

Meredith Bricken and Chris M. Byrne. Chapter 9 - summer students in virtual reality: A pilot study on
educational applications of virtual reality technology. In ALAN WEXELBLAT, editor, Virtual Reality, pages
199-217. Academic Press, 1993. ISBN 978-0-12-745045-2.

JD Gonzalez, JH Escobar, JR Beltran, L Garcia-Gomez, and J De La Hoz. Virtual laboratories of
electromagnetism for education in engineering: A perception. In Journal of Physics: Conference Series, volume
1391, page 012157. IOP Publishing, 2019.

Jialin Wang, Rongkai Shi, Wenxuan Zheng, Weijie Xie, Dominic Kao, and Hai-Ning Liang. Effect of frame rate
on user experience, performance, and simulator sickness in virtual reality. IEEE Transactions on Visualization
and Computer Graphics, 29(5):2478-2488, 2023. doi: 10.1109/TVCG.2023.3247057.



