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Laura Broley is a Master’s student at
Université de Montréal, where she is
studying mathematics and researching the
use of computer technology in mathematics
education. She created E-Brock Bugs
during the completion of her B.Sc. Honours
in Mathematics Integrated with Computers
and Applications at Brock University. 
Chantal Buteau is Associate Professor of
mathematics at Brock University, where she
has taught for over ten years a course in

which students learn to design, program, and use
interactive environments to investigate mathematical
concepts, conjectures, theorems, or real-world applications.
Her research interests include the use of digital
technologies in mathematics learning. Eric Muller is
Professor Emeritus of mathematics at Brock University.
During his many years at Brock, he was actively involved
with OAME and was a founding member of the Golden
Section. He was honoured to receive the OAME Life
Membership Award. His sincere hopes are that E-Brock
Bugs will be as well received in Ontario mathematics
classrooms as was the original Brock Bugs board game.

Abstract
October 2013 marked the launch of E-Brock Bugs©,

a free online mathematics computer game based on a
board game developed by Muller in the 1980s (Muller,
1987). Like its predecessor, E-Brock Bugs may serve a
wide audience: for instance, it could be used to engage
younger students in learning probability concepts
through experimentation, or provide theoretical support
for high school learners in the MDM4U course. In this
paper, we present the E-Brock Bugs adventure, followed
by a breakdown of the mathematics involved, a
discussion of the guiding educational philosophy, and

some additional information about the game. Ultimately,
through the implementation of Keith Devlin’s (2011)
principles of “good” math video-game design, we hope
that the adventure is not just about learning how to do
math in a mechanical manipulating symbols sense; it is
about learning how to become a (better) mathematician.  

E-Brock Bugs, the Adventure
Dramatic music plays in the background as I read:

Bug City had always been a peaceful place to live...
until... one day... the
Bullies came to town.
The simple bugs of the
city are now dominated
by the Bull ies’
intelligence; they need
my help! So, I pick my
character (the bee, of
course!), name it (what

better than “Bumble”), and start out on my journey to
save Bug City! A strange litt le bug named Bugzy
immediately greets me and takes me to District 1, which
appears dark, dusty, and deserted; the sad look of the
place makes me feel a little sad myself. But, as Bugzy
says, there’s no time to lose! I’m ready to face these
Bullies! But, where are they? 

I can hear some cheering coming from Cola Stadium,
so I decide to check it out. Sure enough, that’s where I
find him: Mac, the Mosquito, the Bully who took over
District 1. Even if he looks a little frightening, he can’t
scare me! Bring it on! I’m ready! After entering the
stadium bravely, I find myself on a large game field
surrounded by a mixed crowd. The nerves start to set in.
But, looking at all the bugs that are depending on me, I
am urged forward to take my place across from my
opponent, Mac. I am given a strange device and told that
it has some sort of a laser in it... but, I don’t even know
how this game works! I learn very quickly how lucky I am
to have Bugzy on my side. He explains: Mac and I will
take turns using our lasers to light up numbers from one
to fourteen until all of them have been chosen. Then, we
will roll two dice, add the
numbers on their faces,
and whoever chose the
number corresponding to
the sum will get a point.
After 25 rolls, the bug
with the most points wins. 
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When we start playing, I’m not really sure which
number to choose. Wait a minute, why is there a one on
the board? Two regular dice can never add to one, can
they? I’m definitely not choosing one. Oh, and not
thirteen or fourteen either! Let’s see... You can get a sum
of eight by rolling two fours, a five and a three, a two and

a six... It seems like
that would be a good
choice! Let’s go for it!
Mac immediately
chooses seven next,
which I follow with a
nine. His next choice of
six makes me think five
could be a good third

choice. And, on my fourth choice, I decide to go with my
lucky number: two. Unfortunately, I eventually have to
choose one. But, at least Mac got both thirteen and
fourteen! Ha ha! Rolling the dice comes next. At first, I
look carefully at each roll to make sure the game isn’t
rigged! I notice, however, that I can roll the dice very
quickly, which makes the stadium fill with cheers from
mine or Mac’s cheerleaders. I have to slow down near
the end to calm my nerves. 12-12, tie game: it’s so close!
But, in the end, it’s me who wins! YES! Only five more
and I will have already saved District 1! 

After the game,
Bugzy pulls me
aside and, once
again, I realize how
helpful this little guy
is! He had kept track
of all the sums that
were rolled during
the game. I notice
that some of the
numbers around the middle of the board were rolled a
lot, while my lucky number two wasn’t rolled at all. An
unfamiliar bug pops out of nowhere and tells me that
there is a reason why certain sums were rolled more
often than others. She doesn’t stay long, though; who is
she and where did she go? I regain my focus: let’s go
beat Mac again! This time, based on Bugzy’s counts, I
choose a different set of numbers. Unfortunately, I’m
surprised to see that it doesn’t work out well for me. Mac
wins, 15-10, and he isn’t very nice about it either. I guess
there’s still five more wins to go.... 

Just then, as I’m feeling a little discouraged, Bugzy
whispers to me that there is some secret tunnel that we

could use to get to
Smarty, a bug that
may be able to give
us some help. I say:
Awesome! We can
use all the help we
can get! The tunnel is
a little dark and dingy,
but what appears on
the other side is anything but: it’s bright, colourful, and
full of cheerful music. And there’s that bug I saw earlier!
You must be Smarty! You can help me? Alright! I
definitely want to hear about the theory behind Mac’s
game. 

Smarty immediately goes to her tree dresser and
pulls out a whole bunch of materials from a drawer
marked with Mac’s face; this girl is organized! One of the
many items I see in her pile is a miniature model of Cola
Stadium’s playing field and some chips that I use to

show her my current
game strategy. This is
so cool! Not only is
this just a smaller
version of Mac’s
game, but my chips
have my own face on
them! Soon after, she
puts the model aside
and brings out some

white leaf sheets. Together, we start filling in a chart and
graph at the same time: I roll the dice and Smarty
records the results. I watch as the patterns develop in
the chart and the bars rise on the graph. Once we’ve
found all the possible rolls, I can finally see what’s going
on. There are actually six different ways I can roll a sum
of seven, which makes it the best spot on the game field.
It’s no wonder that my favourite number two wasn’t
rolled: it only has one option! And, like I predicted, there
is no way to roll a sum of one, thirteen, or fourteen. I
even explain all of this to Smarty, using the charts we
constructed. 

Before we can move on, Bugzy decides to speak up.
He recognizes a similarity between the graph we made
and the counts from the last game I played. I can see
some similarities too, Bugzy! The difference, Smarty
explains, is that Bugzy’s counts relate to an actual game,
while the graph we just created gives the theoretical
distribution of the sums. Huh? Oh I get it! With Smarty,
we’re talking about what should happen in theory, which
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isn’t always the same as what happens in real life. Great
work, Bugzy! 

Smarty lays down another graph beside the one we
already have... But, wait... Now it’s my turn to spot the
differences! Look at the titles: one graph says “frequency
distribution,” while the other says “probabil i ty
distribution.” What do you mean by probability, Smarty?
Oh, okay! Probability is just a fancy word for talking
about the likelihood that a sum will occur. The higher the
bar on the graph, the higher the probability... The higher
the probability, the more likely the sum... And the more
likely the sum, the better it is for me to light it up with my
laser! Using this idea, I practise against Smarty and
learn the best strategy to win against Mac. I really feel
like I’ve got this now! 

When I tel l  Smarty that I think I ’m ready, she
mentions that she has created some exercise leaves that
I can use to practise what we just discussed. I even have
two options: a small leaf, which contains an “easy” set of
exercises, and a large leaf, which contains the more

“difficult” exercises. I breeze through the small leaf
because I am able to use the charts we just finished
creating together; the larger leaf, on the other hand, is a
litt le more diff icult. Luckily, the leaf sheets are
randomized and I am able to practise a new set of
questions as many times as I want!

After visiting Smarty, I feel ready to save not only
District 1, but all of Bug City. Mac, Bash, Fitz, Trickz,
Crazee, and finally, Wicked, are no match for me! With
the constant help of Bugzy and Smarty, I am able to
make it to the very end, where I finally see the life of
freedom restored to the simple bugs in each district—
bugs roaming about, the sun in the sky, joyful music
filling the streets. It’s a happy place... But, there’s still
something off about it. That mysterious bug lurking in the
back over there... Who is he? 

All of a sudden, the music stops, and Bugzy and I are
captured beneath some strange object. Hey, hey, what’s
going on here? What? I’m being captured? But, I
defeated all of the Bullies? Who are you?... Dr. P...? You
were the mastermind behind all of this? Wait! Where are
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you taking me? What is this place? A final challenge?
What? A simulation machine? 10 000 games, and I need
to win between 6721 and 6790 of them? What? Smarty!
Where are you?....  

The Mathematics in E-Brock Bugs
Through six different games and a final simulation

challenge, players of E-Brock Bugs are exposed to the
several basic probability concepts and three main ideas
summarized in the following table (adapted from Broley,
Buteau, & Muller, forthcoming; Broley, 2013). Note that
the first two main ideas (i.e., the construction of
frequency and relative frequency bar graphs and the
calculation of probabilities by placing the frequency of an
event over the total number of outcomes) are
emphasized throughout the first five districts, while the
third notion (i.e., the difference between a theoretical and

an empirical probability) is highlighted throughout the
entire game. In addition, the games and concepts have
been carefully organized in such a way that their level of
difficulty and engagement gradually increases. For
instance, the final three games and simulation challenge
each involve a randomized distribution (as opposed to a
fixed distribution), which means that these cases
generally require much more work (outside of the game)
to determine the best possible strategy. For a more
detailed description of the mathematics in the game, see
the E-Brock Bugs teacher document (Broley, Buteau, &
Muller, 2013b).

The Educational Philosophy of E-Brock Bugs
E-Brock Bugs was designed with the goal of

classifying it among those educational games that are
called “epistemic,” “where players think and act like real-
world professionals” (Bagley & Shaffer, 2009, p. 36). In
an epistemic mathematics computer game, “[t]he player
becomes a mathematician and problem solver within the
context of the game” (Offenholley, 2011, p. 45). In other
words, this kind of game goes beyond drilling basic facts
and skills, and encourages players to develop their
mathematical thinking and mathematical identity. 

In his 2011 book, Mathematics education for a new
era: Video games as a medium for learning,
mathematician Keith Devlin outlines several principles of
“good” video-game design that could be used to
categorize a game as “epistemic.” Combined with the
constructivist approach (Piaget, 1967; Vygotsky, 1978),
these principles serve as the main components of the
educational philosophy behind E-Brock Bugs:  
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1. Naturally arising, meaningful, and sensible
mathematics: “The mathematics should not be
hidden; the players should know they are doing math!
But that math should arise naturally in the game, it
should have meaning in the game, and it should
make sense in the game” (Devlin, 2011, p. 127).

2. Learning by doing: Players are “never put in a
position of having to ‘learn something’ prior to playing
the game in order to play the game” (Devlin, 2011, 
p. 128). Practice comes before theory so that players
may develop their own understandings of their
experiences. 

3. Self-paced learning: The player is always able “to
explore new concepts and practice new techniques at
his or her own pace” (Devlin, 2011, p. 29). 

4. Progressing through exploration: Players may
“explore, try things out, and become familiar with new
ideas and skills” (Devlin, 2011, p. 129). This way, they
may have more fun and develop more powerful
knowledge. As the old saying goes, “You tell me, I
forget; you show me, I remember; you let me
discover, and I know” (Devlin, 2011, p. 99).

5. Learning new skills and facts for immediate use: The
player “is given explicit information both on-demand
and just-in-time, when the [player] needs it or just at
the point where the information can best be
understood and used in practice” (Gee’s (2003)
Explicit Information On-Demand and Just-in-Time
Principle as reported in Devlin, 2011, p. 99). As a
result, the mathematics may be seen as meaningful
within the game world.

6. Regular testing: Players are presented “with frequent
tests to see how well they have mastered the latest
facts or skills. [...] It’s the enjoyment of taking and
passing the ‘tests,’ often after several failures, that
motivates players to learn” (Devlin, 2011, p. 130).
The above ideas have all been carefully implemented

in E-Brock Bugs (see Broley et al., in press; Broley,
2013). We hope that the resulting adventure will prompt
players to become (better) mathematicians not only in
the game world, but in the real world as well. 

More About E-Brock Bugs
E-Brock Bugs was created by Laura Broley (2013a),

with Chantal Buteau and Eric Muller, as an Honours
project in the Mathematics Integrated with Computers
and Applications program at Brock University. From the
launch of its online version in October 2013 until June
2014, there have been 2475 hits on the game. 

From our experience, a Grade 12 student may take
anywhere from 90 minutes to 3 hours to save Bug City. A
Hall of Fame (n.d.) proudly lists those of Bug City’s
heroes who opt to be recognized for their hard work. Be
part of it, and encourage your students to be “famous”
too! For an unlocked teacher version of the game, visit
www.brocku.ca/mathematics/brock-bugs.
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