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E-Brock Bugs is an educational computer game that 
seeks to teach its users basic probability concepts in a 
personalized, interactive, animated and fun way. After 
selecting one of six possible in-game identities, players 
begin their journey to save Bug City from an evil band 
of Bullies that is controlled from afar by the all 
powerful Dr. P. To do this, players must work their way 
through six different districts, each of which entails a 
new environment, game and Bully. Along the way, 
players meet an interesting cast of characters, including 
their guide, Bugzy, and Smarty, the extremely intelligent 
bug who has developed the theory behind each Bully's 
scheme. E-Brock Bugs was designed and implemented 
keeping in mind the principles of an epistemic video 
game (Devlin, 2011), and with the goal that players will 
develop their ability to think mathematically, either 
independently or with the aid of prompts. 

E-Brock Bugs©, created by Laura Broley (2013) with 
Chantal Buteau and Eric Muller, has roots originating in 
Brock Bugs, a probabilistic board game made in the 
1980s by Eric Muller (1987). 

Use the ‘unlocked’ teacher version of E-Brock Bugs to 
explore all the potentials of the game for your teaching. 

1. The Mathematics in E-Brock Bugs 

Probability is the area of mathematics on which the 
whole computer game is based. Players are exposed to 
basic concepts through six probabilistic games and one 
simulation challenge. The following shows the concept 
breakdown by district: 

 

 

 

 

 

 

 

 

 

 

 

 

 

We recommend that you go through this game 
exploration (~20 minutes) before you read the 

teacher document. 
• Go to www.brocku.ca/mathematics/brock-bugs and 

request a password to access the ‘unlocked’ version of 
E-Brock Bugs. Open the ‘unlocked version’. 
• Go through the whole introduction. 
• In District 1, visit Cola Stadium. 
• Play the (probabilistic) game against Mac, the Bully. 
• After playing the game once, Bugzy will ask you if 

you want to play again. Say "No." He will then invite 
you to visit Smarty’s Shack. Go! 
• In Smarty’s Shack, select Mac’s drawer, and go 

through the whole lesson. This is a visual explanation 
of the math concepts involved in the game, which 
should guide the player, who has opted to come to see 
Smarty, to play better, i.e., progress more rapidly in 
saving Bug City. The drawers are made available to 
the player only after s/he has played the 
corresponding Bully’s game. 
• Select (click on) the small leaf, and click the "TRY 

MORE" button a couple times to observe the 
randomization of the questions. Exit the small leaf and 
then select (click on) the big leaf. Once again, click 
the "TRY MORE" button a couple times. 
• Return to District 1 by clicking on Smarty's door. 

Move to District 2 and visit the Skydome. Once 
inside, select "see how this works". After observing 
the explanation of the game, click "go to District 2".   
• Visit Districts 3, 4, 5 and 6 in the same way. 
• The Finale is accessible to players of the regular 

game only after all six Bullies have been defeated. 
You may explore the simulation challenge by going to 
Smarty's Shack, clicking on the "GO TO MACHINE" 
button and then asking Smarty to give you a question. 
You will find the related theoretical explanation in 
Dr. P's drawer.  

 
DISTRICT PROBABILITY CONCEPT(S) GAME 

FIXED 
DISTRIBUTIONS 

1 probability distribution; 
addition rule Sum of Two Dice 

2 asymmetric probability 
distribution Sum of Two Fibonacci Dice 

3 independent/dependent events; 
product rule Sum of Two Drawn Balls 

 

RANDOMIZED 
DISTRIBUTIONS 

4 equally/not equally likely 
events Sum of Two Spinners 

5 Binomial distribution Spinning Seven Spinners 

6 expected value Sum of Two Dice with 
Point Values 

Finale Binomial distribution Simulation Challenge 

The probability concept breakdown by district and final challenge in E-Brock Bugs. 

 

Increased Level of 
Difficulty and 
Engagement Smarty Bug 
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1.1. How the Mathematics Unfolds in E-Brock Bugs 
(District 1) 

The task of the player in E-Brock Bugs is to save Bug 
City, which is done by first defeating the six different 
Bullies at their probabilistic games, and then 
completing a final challenge posed by Dr. P. The player 
may get some help if s/he wishes; indeed, the player is 
invited to visit Smarty, a brilliant bug who has managed 
to develop the theory behind each Bully's game, and 
thereby become a better player. This component of the 
game exposes the player to an explicit transition from 
the game itself to the main mathematics concept(s) 
behind it. However, the availability of such help only 
comes after the player has engaged the Bully by playing 
her/his game in a public place!  

Consider the Sum of Two Dice game against Mac, the 
mosquito who took over District 1. 

 

 

 

 

 

 

 

District 1: Mac's Sum of                       
Two Dice Game  

Each circle on the board represents a sum 
of the faces of two dice. The player takes 

turns with Mac to select what s/he believes is the most 
favorable vacant position by clicking on the 
corresponding circle, until all positions are filled. The 
board is then set and remains unchanged for 25 rolls of 
the dice. Each time the dice are rolled, whoever has 
selected the position corresponding to the sum of the 
two dice records one point. If the player has the most 
points at the end of 25 rolls, s/he wins that game. To 
defeat Mac, the player either needs six wins or must 
correctly answer a challenge question1. The penalty for 
an incorrect answer to the challenge question is the 
requirement of an additional two wins. 

After playing at least once against Mac, the player may 
decide to take the secret tunnel to visit Smarty. The 
latter has put together the theory for each game, and she 
explains it in a dynamic, visual manner. For example, in 
relation to Mac’s game, Smarty explains the 
construction of the theoretical frequency distribution of 
sums graph and, in a later stage, points to the 
interpretation of the related probability distribution 
graph. 

                                                
1 More explanations later. 

  

 
District 1 Theory: The construction of a probability 

distribution using the concept of frequency over 
total number of outcomes, and its interpretation. 

For each game, after explaining the corresponding 
theory, Smarty also ensures that the player practices 
her/his strategy (i.e., applies the theory to the game). 

 
District 1 Theory:                                              

Practice of the game with the theory. 

This part of Smarty’s explanation is directly related to 
Mac’s challenge question (an alternative and direct way 
to defeat him), that is, “When playing my game against 
ME, what is the highest probability of winning one 
point after one roll that you can have?”. 

Finally, Smarty has prepared randomly generated 
additional exercises that she makes available on leaves 
in her shack. 
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District 1 Exercises: Small (easy) and large (regular) 

exercise leaves in Smarty’s Shack. 

 

1.2 Details of the Mathematics in Districts 2 to 6  

The structure described above is maintained in all of the 
other districts, which build on the basic probability 
concepts from District 1 and integrate new concepts. 
We now summarize the mathematics for the remaining 
districts. 

 

 

 

 

 

 

 

 

District 2: Bash's Sum of 
Two Fibonacci Dice Game  

 

 

 

 

Bash’s game in District 2, which concerns the sum of 
two Fibonacci Dice, leads to a much less intuitive 
probability distribution. This district aims to reinforce 
the idea of probability as the ratio of frequency over 
total number of outcomes, as well as the benefit of 
building probability distributions. In the additional 
theoretical material, Smarty also explains that the 
probability of any event is always a number between 0 
and 1 (inclusive), and that the sum of the probabilities 
of all possible events is equal to 1. 

 

 

 
District 2 Theory: Mainly involves the concept of the 
probability distribution graph, but also introduces a 

few extra important probability principles. 

 

 

FIBONACCI 
DICE 
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District 3 belongs to Fitz, the fly, whose game concerns 
the sum of two balls drawn without replacement among 
a group of six balls labelled 1 through 6. Thus, the 
concept of independent and dependent events is 
introduced. In the additional theoretical material, the 
product rule is also explained visually. 

 

 

 
District 3Theory: Explains independent and 

dependent events, as well as the product rule. 

 

 

 

 

 

 

 

 

In District 4, the game’s probability 
distribution includes a random component.  This factor 
makes it substantially more difficult to play by intuition 
alone and increases the need for the player to play 
‘mathematically’.   

Trickz’s game in District 4 involves the sum of two 
randomly generated asymmetrical spinners, with six 
segments labeled 1 to 6. As such, this introduces the 
concept of equally likely and not equally likely events. 
Smarty treats this mathematical concept first by re-
dividing the spinners equally in order to use the notion 
of frequency over total number of outcomes, but also 
explains, in the additional theoretical part, the 
application of the product rule.    

 

    

 
District 4 Theory: Mainly involves the concept 

events that are not equally likely. 

District 3: Fitz's Sum of 
Two Balls Drawn Without 

Replacement Game 

District 4: Trickz's Sum of Two 
Randomized Asymmetric 

Spinners Game 
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District 5: Crazee's Spinning 
Seven Identical Randomized 

Bi-Spinners Game 

Crazee’s game in District 5 
involves counting the number 

of gold sections identified by 
spinner pointers in seven copies of a 

randomly generated bi-coloured 
spinner, and hence relates to the 
Binomial distribution. Smarty initially 

constructs the probability distribution with respect to 
symmetrical spinners (i.e., p=1/2) using the idea of 
frequency over total number of outcomes, and then 
moves to considering the general case. The binomial 
coefficients are explained and found in three different 
ways: i) counting; ii) Pascal’s Triangle; and iii) formula 
as additional theoretical material. 

   

   

 
District 5 Theory: Concerns                                      
the Binomial distribution. 

 

 

 

 

 

 

 

 

 

District 6: Wicked's              
Sum of Two Dice 

with Point Values Game  
 
In the last district reigns Wicked 
the wasp, whose game involves the 
sums of two dice with randomly 
generated point values. This game 
engages the player to think beyond the concept of 
probability, as it introduces the notion of expected 
value.    
 

  

 
District 6 Theory: Involves the                          

concept of expected values. 
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1.3 The Three Main Probability Principles 
Throughout E-Brock Bugs 

Overall, there are three main probability principles that 
are constantly emphasized throughout E-Brock Bugs. 
The first one is the frequency and relative frequency 
bar graphs. In particular, the frequency bar graph 
relating to a specific game played is shown to the player 
after the first time s/he plays a Bully, and is made 
available at the end of each subsequent game. After 
Bugzy shows the frequency graph, Smarty always 
makes a quick appearance to say something along the 
lines of, “the higher the bar on the graph, the more 
frequently the sum was rolled. There is a reason why 
certain bars tend to be higher than others!” 
 

 
 

 
 

Bugzy creates a frequency graph for the player to 
view after playing against a Bully. 

 
In her explanations of the mathematics behind the 
games, Smarty visually constructs the theoretical 
frequency bar graphs and their related relative 
frequency bar graphs, i.e., the probability distributions. 
This stresses the second main concept (found in 
Districts 1 through 5), that is,  
  

              frequency          . 
total number of outcomes 

 
for equally likely events. Even in District 4, where the 
events are not equally likely, Smarty’s explanations are 
such that the probability experiment is transformed to 
one of equally likely events. This second main concept 
is also reinforced in the practice exercises in Smarty's 
Shack. 

The third and final main probability principle found 
throughout E-Brock Bugs is the difference between a 
theoretical and empirical probability: even with a good 
strategy (and probability of winning one point after one 
roll, draw or spin > 50%), one can lose a probabilistic 
game against a Bully. In addition to being exposed to 
this probability principle simply by playing the games, 
the player hears about it explicitly.  
 

   

 

Smarty explicitly explains the third main probability 
principle through the comparison of her theoretical 

frequency graph and Bugzy's frequency graph. 

1.4 The Finale: Dr. P’s Final Challenge 

After all six Bullies have been defeated, the player gets 
captured by the big boss, the evil Dr. P, and is required 
to face a final challenge, a question involving the 
Binomial distribution and simulation.  

 
The Simulation Machine                                         

Used in Dr. P's Final Challenge 
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This final challenge concerns the first five districts, and 
builds particularly on Smarty’s theoretical explanation 
(yes, she comes to the rescue!) of Crazee's game by 
providing a further development of the binomial 
distribution. The challenge requires the player to 
simulate games and stresses the third main probability 
concept mentioned in Section 1.3. 

2. The Didactical Philosophy of E-Brock Bugs 

E-Brock Bugs has been designed according to Keith 
Devlin’s (2011) principles of an epistemic mathematics 
computer game, i.e., a game in which players are 
prompted to develop their mathematical thinking 
beyond the mere ‘drilling of mathematical skills’. 

"The player becomes a mathematician and 
problem solver within the context of the game" 

(Offenholly, 2011, p. 45). 
 

The game is no longer about learning how to do 
math; it is about learning how to be a (better) 

mathematician 
(Devlin, 2011). 

 
Guided by Devlin’s design principles of a good video 
game, E-Brock Bugs embeds in part the constructivist 
approach: first play (do!), then the theory becomes 
accessible. Also, most importantly, the mathematics 
progression implemented supports the player’s 
mathematical thinking development; specifically, the 
level of engagement and difficulty increases from one 
district to the next, and the three main probability 
principles are consistently highlighted.  
 
E-Brock Bugs also exemplifies three other key 
mathematics video game design principles: 1) the 
mathematical explanations are available on-demand 
and are provided for immediate use, i.e., for the 
purpose of playing the game better, and not for a 
complete description of mathematical concepts; 2) 
“…by selecting a character, the player easily identifies 
with the character and therefore wants this character 
to succeed” (Devlin, 2011, p. 126); and 3) to support 
players in adopting a mathematical identity, “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) – highlights added by the 
authors.  
 

3. Teaching with E-Brock Bugs 

Devlin (2011) mentions a study by the Pew Research 
Center (2007-08), which found that 97% of American 
teens aged 12-17 play video games… Do we need more 
convincing about the potentials of video games as a 
medium for the learning of mathematics?  

This being said, here are some suggestions for using   
E-Brock Bugs in our teaching:  

• Have the students play at home a Bully's game (and 
possibly look at the corresponding theoretical 
explanations in Smarty’s Shack) before you introduce 
the related concept in the next class  
• Project the game on a screen and have the whole class 

assist a student play E-Brock Bugs (e.g., during the 
last 10 minutes on a Friday afternoon) 
• Have a whole lab session dedicated to E-Brock Bugs 

and challenge students to save Bug City before the end 
of the session (you may or may not require them to 
visit Smarty’s Shack) 
• Have students use E-Brock Bugs in a lab session (or at 

home) and ask them to complete the exercise leaves of 
a certain district (they will need to play the game first 
before they have access to the exercise leaves)  
• … 
At the time we write the teacher document, we have no 
experience teaching with E-Brock Bugs. We hope to 
collect suggestions, comments, and anecdotes of 
teachers using it with their students in order to inform 
others of possibilities with E-Brock Bugs. If you decide 
to use it, please let us know about your experience and 
recommendations for other teachers. See our contact 
information at the end of the document. 

3.1 Different Routes in E-Brock Bugs 

As mentioned previously, Smarty’s mathematics 
explanations in Districts 2 through 6 build on her 
insights about District 1. As such, we recommend either 
a sequential navigation from District 1 to District 6 
(evolving in difficulty and in a player's required 
engagement), or District 1 first, followed by any other 
District(s). 

3.2 E-Brock Bugs for Students 

E-Brock Bugs is free and can be played by anybody. 
Note that in this first version of E-Brock Bugs, the 
player CANNOT save her/his work: after exiting the 
game, one has to start at the beginning and, in order to 
rescue Bug City, defeat all the Bullies and successfully 
complete Dr. P’s final challenge again. However, the 
player has access to all six districts at all times. So, 
one could decide to start playing, for example, at 
District 4.  

Finally, recall that it is only after playing a Bully’s 
game in a public place that the player has access to the 
related theory explained by Smarty, and that this 
explanation is optional to the player. And it is only after 
having opened one drawer at Smarty’s that the player 
has access to the related exercise leaves. 

4. E-Brock Bugs Hall of Fame 

A Hall of Fame proudly lists all the heroes who have 
saved Bug City. Be part of it, and encourage your 
students to be ‘famous’ too! Anyone who saves Bug 
City is invited to join the heroes. Have a look:  

http://tinyurl.com/HallOfFame-e-brock-bugs 
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Contacts 

For any inquiries or comments, contact us all at E-BrockBugs@brocku.ca or use our individual email addresses : 

 

Laura Broley, M.Sc. Student, Département de mathématiques et de statistique, 
Université de Montréal (Canada): laura_broley@hotmail.com 

Chantal Buteau, Associate Professor, Department of Mathematics,  
Brock University (Canada): cbuteau@brocku.ca 

Eric Muller, Professor Emeritus, Department of Mathematics,  
Brock University (Canada): emuller@brocku.ca 
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“ The Mathematics Integrated with 
Computers and Applications (MICA) program 

at Brock University allowed me to explore, 
discover and create mathematics in a way 

that I never knew existed, and that every year 
intensified my passion for the subject. On top 
of this, MICA’s innovative structure and focus 

on technology offered me several 
opportunities to combine my many interests 
into one cohesive program; my fourth year 

Honour’s Project, for which I designed, 
created and analyzed a mathematics 

computer game, and certainly exercised both 
sides of my brain, was one of such 

opportunities. E-Brock Bugs has since grown 
into so much more than I ever imagined! I 

hope that you will enjoy and value saving Bug 
City as much as I did building it!”   

Laura is a graduate of the MICA undergraduate mathematics 
program at Brock University (Canada), 

 
in which she has learned to use programming to investigate 

mathematical concepts, theorems, self-stated conjectures and 
real-world applications. 

E-Brock Bugs is Laura’s Honours 
project. 

For her excellence in her mathematics studies and 
extracurricular involvements at Brock University, Laura was 
awarded the Spirit of Brock Medal and the Dean’s Medal in 

May 2013. 

She is currently (September 2013) undertaking M.Sc. studies 
in mathematics at Université de Montréal (Canada) with a 

Canadian Social Sciences and Humanities Research Council 
(SSHRC) scholarship. 

 


