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Education, Training & Workforce Issues Video Games in the Classroom

By Tim Gregoire

Generating more than $25 billion in
computer and software sales in
2011 alone, the video game indus-

try is one of the fastest growing sectors of
the U.s. economy, according to the enter-
tainment software Association, a trade as-
sociation serving businesses that publish
video games for game consoles, personal
computers, and the internet. With all that
economic power behind it, video game
technology continues to grow at an expo-
nential pace. by taking advantage of devel-
opments in game software and hardware,
some educators are creating innovative new
tools to teach and train future nuclear pro-
fessionals.

Using computer simulations and games as
pedagogical instruments is nothing new, and
much of the technology found in video
games—motion sensors, three-dimension-
al graphics, virtual environments—is not
unique to the entertainment industry. A few
savvy educators, however, have found that
the ubiquitous and relatively inexpensive
gaming systems are ideal platforms upon

which to build custom teaching and train-
ing aids, quickly and on a minuscule budget.

For instance, the microsoft kinect is a
motion-sensing device made to be used
with the Xbox 360 game console as a natu -
ral user interface, allowing game players to
control and interact with the system with-
out having to use a controller. The small de-
vice contains an array of sensors, including
an rGb camera, a depth sensor, and a mi-
crophone array, all of which provide full-
body 3-D motion capture, facial recogni-
tion, and voice recognition capabilities. The
unit itself costs less than $150. 

“it’s a little piece of what i call technolog-
ical heaven,” said Christopher Peters, a pro-
fessor in the electrical and Computer engi-
neering Department of Drexel University,
in Philadelphia, Pa.   

As part of a senior design project within
the university’s new nuclear engineering

minor program, four of Peters’s electrical
engineering students decided to integrate
the kinect into an interactive and immer-
sive nuclear power reactor simulator. Peters
provided an overview of the project at the
2012 Ans Annual meeting, held in Chica-
go, ill., in June.

When his students suggested the idea of
creating a simulator using the game system,
Peters said, he initially was hesitant. “but
then i did a little bit of research on it and
found that this piece of equipment is now
being used to defuse bombs and to do
surgery,” he said. seeing the kinect capably
being used for things it wasn’t intended for,
Peters realized the device’s potential to be-
come a low-cost “teaching mechanism” for
power reactor operations.

“mind you, these are students who have
no background in nuclear engineering
whatsoever,” he said of the four students

Instructors are exploiting the interactive 
qualities of modern video games to teach 
complex nuclear concepts.

Video games in the classroom

Using an inexpensive Xbox Kinect video game motion sensor, electrical engineering students at Drexel University were able to create an
interactive virtual nuclear power reactor simulator.
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who undertook the project: Paul martin,
mike lui, Paul rua, and Josh Waldman.
“They are all electrical engineers.”

Despite the lack of a nuclear background,
within a year the students were able to cre-
ate and program an interactive, motion-
sensitive simulator of a 2 mWt-pressurized
water reactor using the kinect and a per-
sonal computer running Windows software.
The 2-mWt PWr model was adopted, Pe-
ters said, to simulate a hypothetical future
power source that would provide electrici-
ty to the Drexel University campus. Using
point kinetic equations, the reactor is pure-
ly a behavioral model and is not a simula-
tion of any one reactor design, he said.

With the graphics display projected onto
a screen, the user can manipulate controls
on the simulated control panel using a cus-
tom “grab” feature the students designed.
Peters said that it is the first time a grab fea-
ture has been used in an Xbox game pro-
gram. Using hand motions, the user can
also swipe between screens showing differ-
ent reactor parameters in real time. 

From the control panel, the user can ini-
tiate criticality by controlling the rod height,
track temperature and electrical outputs,
change the speed of the coolant pump, and
open and close the steam generator valve.
There is even a scram button. From the real-
time graphing screens, users can then track
temperatures, rod height, power output,
neutron population, and group concentra-
tions, as well as total and specific poison
concentrations and reactivities.

According to Peters, a six-factor formula
enables the simulator to use poison con-
centrations and temperature effects to
change reactivity. With the steam generator
connected, the simulator will then model
temperature changes in the reactor as load
demand changes, which helped his students
comprehend differential integrated rod
worth, he said.

“Getting electrical engineers to under-
stand rod worth and cross sections was it-
self a chore, but they did it and now under-
stand it,” he said.

in addition to being an educational vehi-
cle for demonstrating “basic, normal reactor
behavior,” Peters said that the beauty of the
kinect simulator is that it is expandable and
can be further developed to create a valu-
able tool for universities or institutions that
want to teach reactor operations but do not
have or cannot afford a research reactor. 

Currently, Drexel students are working
on building a physical reactor simulator us-
ing a simple microprocessor and matlab
software. The whole system, Peters said, in-
cluding computers and monitors, can be
built for under $1000.

Adopting video game technology into
classroom tools works, Peters said, because
younger students are increasingly becom-
ing visual learners. “This generation of stu-
dents has a different learning modality,” he

From the control panel of the Drexel simulator, users can control criticality, cooling, and
electrical demand.

Drexel’s virtual simulator allows real-time graphing of reactor operations.

University of Illinois Prof. Rizwan Uddin walks students through the use of the virtual lab.
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said. “They’re more visual. They like to be
interactive and have the immersive effect.”

A video of Drexel students demonstrating
the kinect reactor simulator is available on
youTube at <www. youtube. com/ watch? v=
uiePfk537U8>.

Virtual lab
Providing students with an interactive

and immersive learning experience was just
one of the motivating factors behind an on-
line virtual laboratory developed by rizwan

Uddin, a professor in the Department of
nuclear, Plasma, and radiological engi-
neering (nPre) at the University of illinois
at Urbana-Champaign, and nPre graduate
imran Haddish. borrowing technology
used in first-person, 3-D shooter-style video
games, the virtual lab allows students to
conduct nuclear engineering experiments
outside the physical lab. Anywhere there is
internet access, students can do their lab
work.

Haddish demonstrated the virtual lab at

the 2012 Ans Winter meeting and nuclear
Technology expo, held november 11–15 in
san Diego, Calif. According to Haddish,
there was a real need for such a virtual lab as
the number of students enrolling in the
nPre program grew.

“on the university level, we have budget
constraints and increased enrollment, but
the capacity has stayed the same,” he said,
noting that the nPre department current-
ly has 50 undergraduate students in a sys-
tem that was set up for 15. Without enough
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The Scivle virtual lab allows students to complete their work from any computer with Internet access.
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Students work at a computer-rendered lab desk modeled after a real lab at the University of Illinois.
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http://www.youtube.com/watch?v=uiePfk537U8


lab stations to accommodate all of the stu-
dents, they had to do labs in shifts.

Furthermore, Haddish said, on the glob-
al level, there is a growing interest in online
education. “There’s an initiative going on
right now to bring more content to the Web,
where students can access it freely,” he said.
“but the focus has remained more on Web
lectures and video lectures. There really has-
n’t been a focus on lab work, [which] is in-
teractive and involves hands-on interac-
tions. We’re trying to put together a plat-
form to handle all these needs.”

Haddish said that they first looked at
readily available options for creating an on-
line lab, but they found nothing on the mar-
ket that they felt was realistic or had the de-
sired level of interactivity. so Uddin and
Haddish built the lab over the summer of
2012 using a game-building platform of-
fered by Unity. The first nPre 100 lab, host-
ed by scivle, was first made available to stu-
dents for the fall 2012 semester.

by using the Unity platform on the scivle
site, students are able to access the virtual
lab using any internet-enabled device. As
the program is scalable to the device used,
students can even use a mobile device to run
the program. everything a student would
need to do the lab work in real life, includ-
ing instruments and lab guides, is provided
within the virtual lab, according to Haddish.
likewise, all the lab work, including data
processing and report writing, can be done
in the user’s Web browser. There is also a
feature that allows students to post ques-
tions and discuss their work with other stu-
dents.

“like all other major sites, Q&A forums
are a big thing,” Haddish said. “They allow
students to interact with each other and
share information back and forth. We es-
sentially hope to create a very rich database
of information in this lab as we progress.”

As with Drexel’s kinect reactor simulator,
Haddish sees the value of the virtual lab in its
ability to provide a highly flexible, inexpen-
sive teaching tool. “We can do anything we
want,” he said. “We can do any type of lab.”

in terms of time and cost savings, Had-
dish noted that he is able to build a proto-
type lab in a two-week time frame, as op-
posed to the months it typically takes for a
real-life lab to be designed, approved, and
built—all of which costs money.

in addition to educating University of illi-
nois students, Haddish hopes that the vir-
tual lab will reach a wider audience of po-
tential nuclear engineers, enabling nuclear
engineering to compete with other disci-
plines in the world of online education. The
problem, Haddish said, is that most online
course platforms, such as video lectures, are
designed for large audiences. For the more
popular, general interest course subjects,
thousands of people often will be enrolled
in a single course, whereas smaller pro-
grams such as nuclear engineering are often

January 2013 • Nuclear News • 39

Video Games in the Classroom

“shoved to the side” within the online learn-
ing world, Haddish said. The virtual lab will
ensure that nuclear engineering is able to
maintain a presence in the online environ-
ment, he added.

Uddin said that outside of academia, the
nuclear industry has shown interest in us-
ing game technology for personnel training.
one such application could be in the train-
ing of temporary construction workers and
laborers for outage work. “With a room of
30 to 50 PCs, you could train 50 people in an
hour,” he said.

As for the future, Haddish said that scivle
is working to produce online video lectures
in a digital format similar to the virtual lab.

rather than a one-dimensional recorded
lecture that remains static and fixed, a code-
based digital lecture would allow an in-
structor to add, delete, or swap files, chang-
ing the material to adapt the lecture to in-
dividual students. Haddish said it is a much
more realistic way to learn. “you lose some-
thing just watching a video,” he said.

Taking advantage of the rapidly expand-
ing technology is key to creating and main-
taining a robust online educational experi-
ence, Haddish said, noting that the tech-
nology used to create the virtual lab was
only two months old before they adopted it.
“That’s how radically things change with ed-
ucation and technology,” he said.

http://www.oaee.umd.edu/nuclear



