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Abstract- This work focuses on the design and implementation 
of an educational game for deployment on the Xbox 360 
commercial game console. Video games can be extremely 
powerful and effective learning tools when deployed with 
methodical precision. Currently, no learning tools are available 
for commercial consoles that focus on teaching core concepts in 
Engineering. This work presents an overall design for an 
educational game to address Number Systems in the scope of 
the Electrical and Computer Engineering curricula.  

BINX is an educational adventure game designed to 
address Number Systems and their arithmetic operations in 
Digital Logic Design, a core course is Electrical and Computer 
Engineering programs. Object Oriented Design Principles were 
used in the development of this game. This work presents one 
sublevel implemented using the XNA framework – a Microsoft 
Software Development Kit (SDK).The BINX gameplay takes 
place inside a computer where a malicious virus is threatening 
the computer’s operability. The player has to find the virus and 
eradicate it by disconnecting the terminals of the graphics 
processor. The player has the opportunity to practice before 
taking on the Boss Challenge. In the practice phase, the player 
practices number conversions without fear of penalties. In the 
Challenge phase, the player is timed and has to perform the 
number conversions before the allotted time expires. The 
combination of practice and challenge provides players with 
the ability to practice number conversions and, when ready, to 
take on the challenge task where assessment is conducted to 
provide the player with the knowledge of how well he/she has 
performed on the challenge. The number conversion level of 
BINX was implemented and formally evaluated showing 
improvement in student scores after using BINX. 

Keywords- Modeling and Simulation; Game Design and 
Development; Xbox 360; Educational Gaming; Assessment and 
Evaluations 

I. INTRODUCTION 

Educational gaming i s qui ckly e merging as a  pow erful 
learning tool in the educational arena. Currently, there exists 
a phe nomenal i nterest i n t he s cience of  g aming, a nd 
discovering its powerful application to education.  

Many s tudents e ngage in e ndless hour s of  video 
gameplay. In contrast, it is often a daunting task for students 
to invest hours in s tudying for a t est. Games are engaging, 
fun, and provide a sense of  accomplishment to the s tudent. 
Many skills have been documented as being gained through 
playing video games, th ese in clude th e ability to : process 
information qui ckly, ut ilize pa rallel pr ocessing and visual 
processing t echniques, enhance critical th inking, improve 
problem s olving s kills, a nd i mprove da ta organization [1]. 
These skills are very important for the success of our future 
Engineers, therefore, it b ecomes worthwhile to  further 

investigate how t o a pply game pl aying t echniques to 
education.  

The pur pose of  t his work is to a pply gaming t heory t o 
the development o f a c ontent s pecific g ame for E lectrical 
and C omputer E ngineering ( ECE). A fter a  t horough 
investigation, i t was c oncluded t hat no l earning t ools were 
available for commercial consoles to teach core concepts in 
Engineering. This work presents the design of a digital logic 
game, BINX, and uses the principles of gaming to teach core 
concepts i n E CE. BINX i s an  ed ucational g ame t hat 
provides the user t raining and assessment on the arithmetic 
of various nu mber s ystems t hrough game pl ay. N umber 
Systems are a core concept in the Digital Logic Course is a 
core course in most engineering curricula. BINX is deployed 
on the XNA framework for potential use on the Xbox 360. 

II. GAMING AND EDUCATION 

In r ecent y ears, i nterest i n g ame based e ducation ha s 
skyrocketed. It has become a topic of monumental interest to 
educators a round t he world. V ideo games c an be  a hi ghly 
valuable supplement to education in science and engineering 
for many reasons, for example: there i s a hu ge de mand for 
games; they are already p layed b y s tudents; they ar e 
structured acco rding to effective le arning p atterns; th ey 
promote l earning; and they ar e more e ffective t han a 
lecture[2]. 

A. Popularity of Games 

Games ha ve a  mass a ppeal t hat i s ha rd t o que stion. 
According to i nformation a ssembled by t he N PD Group, a  
provider of retail market research information, computer and 
video game s ales s kyrocketed t o more t han s even bi llion 
dollars f rom 2005 t o 2008, of  which more t han s ix bi llion 
dollars was created by the video game software industry [3]. 
According t o t he e ntertainment s oftware association, t he 
video game software industry has more than tripled in sales 
since 1996  [4]. I t i s cl ear t hat, “i nteractive i mmersive 
entertainment o r video games h ave e merged as a  major 
entertainment medium and e nculturation f orce f or t oday’s 
youth” [5]. 

On a verage, a t eenager i n America “watches o ver 3  
hours of television, is on the internet 10 minutes to an hour, 
and pl ays 1 a nd a ha lf hour s of  video games” [6]. This 
equates to a substantial amount of time being spent on video 
games. At t he co llege l evel, t he a verage co llege g raduate 
“will have spent less than 5,000 hours of their lives reading, 
but more than 10,000 hour s playing video games” [7].  It is  
clear t hat w hen given t he opt ion, pe ople w ill c hoose t o 
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spend t heir t ime pl aying games. If t hey c hoose t o a llocate 
their time to gaming, why stop them? The “true secret” [7] of 
their fascination in  g aming is  th at p eople a re le arning th e 
skills required for their twenty-first century lives.  

B. The Need for Educational Gaming 

The s kill s et r equired t o succeed i n t oday’s s ociety ha s 
evolved. Today’s e ducational s ystem was de vised o ver a  
century ago i n or der t o prepare s tudents f or t he i ndustrial 
revolution [8]. Times have changed, and so have the teachers 
and students. In Games and Simulations in Online Learning, 
Galarneau& Zibit state “We need students to learn the skills 
necessary f or t he 2 1st century, y et w e teach them w ith 
yesterday’s t ools and measure outcomes using ye sterday’s 
assessments” [8]. With the steady progression of technology, 
students n ow h ave th e c apability of in teracting with th ese 
technologies to assist in learning very di fferently than their 
parents [6].   

New educational t ools ar e n eeded t o t each an d t rain 
today’s evolved minds. S tudents’ br ains ha ve be en 
programmed to the “speed, interactivity, and other factors in 
the games” [6] they play. Marc Prensky refers to parents and 
teachers as  Digital Immigrants, a nd s tudents a s Natives [7]. 
The p roblem challenging education t oday i s Digital 
Immigrants from a  pre-digital age, a re u nable t o t ransfer 
knowledge, c oncepts, i deas, a nd t each t he Natives, w ho 
speak an entirely different language [7].  A ccents prevent the 
Natives from understanding what the Digital Immigrants are 
saying and Natives are accustomed to processing data much 
faster than t he Digital Immigrants can d ispense it [7]. T he 
Digital Immigrants are a ccustomed t o l inear p rogression; 
however, Natives prefer m ultitasking. Digital Immigrants’ 
first c hoice of  communication i s t ext r ather t han graphics; 
however, Natives enjoy m ore gr aphics t han t ext.  T he 
Digital Immigrants prefer to view everything in some kind 
of o rder fo r example, C hapter 1, 2, 3 while Natives are 
accustomed t o a ssimilating i nformation i n t heir ow n, 
random w ay [7]. It i s c lear t hat t oday’s s tudent c annot 
efficiently a bsorb k nowledge f rom o ld t eaching t actics. 
Prensky cites, “No less an authority than the late Dr. Albert 
Shanker, he ad of  bot h t he New York City—based U nited 
Federation of Teachers (UFT) union and later the nationally 
based American F ederation of  Teachers (AFT) uni on, 
claimed, as far back as 1988, t hat “only 20 to 25 percent of 
students currently in school can learn effectively from 
traditional methods of teaching” ” [6]. I f s tudents c annot 
learn, i t i s t he j ob of  t he i nstructor t o i mplement ne w 
learning t ools t o a llow l earning t o oc cur. If s tudents are 
already p laying games, why not  us e t hem a s a  means t o 
educate them? 

When educators choose not to adapt their teaching styles 
to t he ne w w ave of  s tudents t hey may actually be  c ausing 
harm t o t he s tudent. L inear t hought pr ocesses t hat a re 
currently implemented in the educational system “will retard 
learning for br ains that ha ve be en de veloped through game 
and websurfing” processes on the computer [6]. It is clear that 
today’s children, teens, and young adults are not receptive to 
traditional t eaching methods [6]. O ften s tudents a re bl amed, 
however, Colin Powell at the 2000 R epublican Convention 

appropriately stated that, “Our children are not the problem, 
the pr oblem is us !” [7]. There i s a  t echnological r evolution 
going on r ight now , and mainstream e ducation i s doing 
nothing to adapt to the learning styles of the new generation 
of s tudents [6]. T he ol d l earning s ystem i s obs olete a nd 
breaking down. P rofessors, t eachers, a nd f aculty must use 
innovative techniques to convey information to the students 
as w ell as  maintain th eir a ttention. T o m eet th ese 
requirements, the c oncepts m ust be  i mparted t hrough 
various methods s uch a s que stioning, e xploration, 
engagement, i nteractivity, a nd most i mportantly, f un [6]. 
These t echniques ne ed t o be  i mplemented, i f not , s tudents 
will not focus in an educational or training environment. It is 
imperative that fun and games be injected into education and 
new l earning t ools must be  de veloped a nd i mplemented t o 
meet this new need.  

III. XNA 

The X NA f ramework was us ed f or t he i mplementation 
of BINX. The XNA f ramework was selected s ince, for the 
first t ime, a  t ool e xists t hat a llows a  nonprofessional game 
developer to create games that can run on bot h PCs and the 
Xbox 360  game console [9]. X NA i s not  a n a cronym; i t 
represents a nd en compasses a ll o f t he game d evelopment 
technology Microsoft provides [10].  X NA Game S tudio is a 
Software D evelopment Kit ( SDK) with a  s et o f “prebuilt 
program c omponents” [11] that can  b e u sed as  p art o f o ther 
programs. Using X NA Game S tudio a nd t he unde rlying 
language C#.NET (which is the official l anguage of  XNA), 
video games c an be  d eveloped f or W indows. X NA allows 
one to write games for the Xbox 360, however the console is 
not required to use XNA. Games can be  de veloped s trictly 
for t he P C us ing X NA w ith t he a bility to  p lay th e g ame 
using the Xbox 360 controller. To de velop ga mes that play 
on the Xbox 360, a subscription to the XNA Creators Club 
is required.  

The XNA framework is a set of managed Dynamic Link 
Libraries (DLLs) which contain a large set of class l ibraries 
that help in the creation of games [10]. A Game Studio project 
includes references to al l of the code and resource files that 
are i mplemented b y t he game application. T here a re t wo 
different models f or t he de velopment of  X NA pr ojects: 
Windows Game projects and Xbox 360 Game projects. Each 
project c alls a  d ifferent instruction s et. T he difference 
between t he two pr ojects is the version of  t he .NET 
Framework t he t wo pl atforms a re r unning. Windows 
operates on t he c omplete .N ET F ramework whereas t he 
Xbox 360 r uns on t he .N ET C ompact F ramework. The 
reason it is called .NET Compact Framework is because the 
devices i t t ypically r uns on a re compact, a nd a lso be cause 
the framework itself is  a subset of what is  available on the 
desktop [11]. T here are al so minor d ifferences between the 
projects l ike mouse s upport; how ever, i n most c ases t he 
code from one project type will still compile in the other [12]. 

The player uses the gamepad to interact with the system. 
The gamepad t hen pr ovides i nput t o t he X NA f ramework. 
XNA reads the data input provided by the player and creates 
the out put. This out put i s then pr esented on t he s creen f or 
the user.                                                                            U
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A. Available XNA Educational Games 

Since 2010, a  l arge nu mber of  e ducational games ha ve 
been developed for the Xbox 360 and the PC using the XNA 
game engine. S everal educational games a vailable t hrough 
XNA assist in the l earning of  the vocabulary and grammar 
of v arious languages [13-17], o ther g ames t each ch ildren 
letters an d n umbers [18-22]. O ne game, M ath F ighter [22], 
addresses mathematics f rom b asic math t o cal culus. So, 
although educational games e xist, they a re limited to  basic 
languages, math, basic p hysics, or as tronomy. N o games 
exist in the XNA game environment to enhance engineering 
education. I n general, P C g ames do e xist, m ainly f or t he 
Kindergarten t o H igh/Secondary School levels, t o t each 
mathematics an d s cience.  Time E ngineer [23] is a  3D  PC-
based game that teaches basic concepts in math and science 
as t hey r elate t o en gineering. It u ses t hemes l ike A ncient 
Egypt t o t each t hese co re c oncepts. T ime E ngineer h as a  
section intended to cover binary nu mbers, ‘1’s and ‘0’s, as 
logic associated with switches turning on and off. It does not 
address nu mber c onversions or  any of  t he ot her nu mber 
systems which BINX is intended to address.  

IV. NUMBER SYSTEMS 

A number system is a group of symbols used to express 
the foundation of  c ounting, c omparing amounts, a ssessing 
calculations, a nd r epresenting v alues. T here ar e n umerous 
number s ystems t o represent a ny given nu mber. The f our 
number systems most frequently associated with co mputers 
and el ectronics ar e B inary, O ctal, D ecimal, an d 
Hexadecimal. A core concept in Digital Logic Design is the 
study of  t hese f our num ber s ystems. S tudents in D igital 
Logic Design require a solid foundation in the understanding 
of these number systems in order to matriculate through the 
curriculum. The purpose of  BINX i s to provide practice as 
well as  assessment for these four number s ystems and their 
associated arithmetic operations. 

Binary is the number system of the computer. All input, 
output, storage, and internal commands are processed inside 
the computer us ing 1’s and 0’s. B inary i s also kno wn as a  
base-2 number system. A bit is one binary digit. When 8 bits 
are concatenated, they represent one byte. One byte can have 
up to 256 di fferent combinations of  1’s and 0’s. Each digit 
of a b inary n umber h as a n a ssociated weight, w hich is 
represented as an  i ncreasing p ower o f 2 . The l east 
significant b it ( LSB) r epresents 2 0.The ne xt bi nary di git 
represents 2 1, 2 2, 2 3, respectively, unt il the most s ignificant 
bit (MSB) is r eached ( for a  B yte, th is is  2 7). For example, 
the decimal number 6 is represented by 0110. 

 M
SB   LS

B 

Weights 23 22 21 20 

Binary 0 1 1 0 

Fig. 1 Basic Binary Number Representation 

V. GAME DESIGN OVERVIEW 

BINX p rovides training on nu mber s ystems a nd t heir 
associated arithmetic o perations through a  s eries of levels 
and sublevels. BINX is designed as an Adventure game, and 
takes pl ace i nside a  c omputer. The ga me i s c omposed of  

four main levels, which are in turn composed of sublevels to 
provide p ractice and assessment o f t he material (Figure 2). 
The f irst l evel f ocuses on nu mber c onversion. The s econd 
level will a ddress 1’ s and 2’ s c ompliment r epresentation. 
The third level will cover addition and subtraction. Finally, 
the fourth level will cover multiplication and division. 

 
Fig. 2 BINX Level Layout 

A. BINX Storyline 

The c omputer i s t urned on. The C PU l ights up, t he 
keyboard activates, a nd a  hor rible s ound c omes f rom t he 
speakers; how ever, no v ideo i s out put to t he m onitor. A  
malicious v irus is a ttacking the computer. T he m ain 
character’s n ame i s C hip. C hip i s a n i ntegrated c ircuit 
designed with one  pur pose, a nd one  pur pose onl y; t o wipe 
all traces of this malicious virus from the computer. 

B. BINX Level 1 Design 

The l earning a reas o f th e f irst s ublevel o f le vel 1  
emphasizes d ecimal t o b inary, an d b inary t o d ecimal 
conversion. This s ublevel i s a imed a t pr oviding t he pl ayer 
with pr actice i n nu mber conversion. T he obj ective of  t he 
sublevel one Practice task is  to  collect digits in  the co rrect 
order to open gates to access the next area of the game. The 
next sublevel task is composed of a timed Boss Challenge to 
deliver a ssessment o f t he player’s mastery o f t he co ncept. 
Each l evel i s c omposed of  various s ublevels t hat ha ve a  
practice component a s well a s a n a ssessment por tion. This 
combination is expected to promote learning. 

Inside t he computer, information i s f lowing f rom t he 
motherboard t o a ll the out put de vices a ttached t o t he 
computer e xcept t he m onitor. T he adventure t akes pl ace 
inside the CPU. The player must navigate a path through the 
bus t o f ind the v iral i nfection pl aguing t he g raphics 
processor. 

1) Sublevel 1 – Practice: 

To matriculate through this sublevel the player must pass 
through access doors in the maze that lead to the location of 
the virus. The player must acquire digits in the correct order 
to g ain a ccess t hrough t he door s. To r each t he c hallenge 
sublevel, c orrect a nswers must be  pr ovided a t each door . 
Each of these doors randomly place digits for the Chip (the 
character o f t he g ame) t o co llect. T he p layer must t hen

BINX 
Level 1 
•1.1 Number 

Conversion 
•Bin--> Dec 
•Dec-->Bin 

•1.2 Number 
Conversion 
•Hex>Bin 
•Bin>Hex 
•Hex>Oct 
•Oct>Hex 

 

Level 2 
 
 

•1's 
Comp 
 

•2's 
Comp 

Level 3 
 
 

•Add 
 

•Subtract 

Level 4 
 
 

•Multiply 
 

•Divide 
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Binx.cs 

Initialize() 
LoadContent() 
UnloadContent() 
Update() 
Draw() 

XNA 

 perform the appropriate number conversion and acquire the 
numbers i n t he co rrect o rder t o create t he required value t o 
open the d oor. O nce t he player a ssumes the co rrect d igits 
have been acquired, the player may approach the door and 
attempt to open it. If the correct answer is provided, the door 
will open allowing access to the rest of the maze where more 
doors need to be opened to reach the virus and eradicate it. If 
the answer i s i ncorrect, t he di gits will be  r epositioned a nd 
the player will have another attempt to correctly gain access 
to the next area. Each correct answer was designed to place 
the player one step closer to the virus. Figure 3 illustrates the 
design of  t he f irst s ublevel. S tars i ndicate where t he door s 
are located in t he maze. In t his pha se of  t he g ame, no  
penalties are associated with incorrect responses. The player 
is merely allowed t o t ry as  many t imes as i s n ecessary t o 
open each door. 

 
Fig. 3 Sublevel 1 Practice Floor Plan 

2) Sublevel 1 – Boss Challenge: 

Here, C hip ha s f ound the v iral i nfection a ttacking t he 
processor. To stop the spread of the virus, he must locate the 
infected t erminals of  the graphics processor chip and sever 
the connections. This Boss Challenge is designed to provide 
assessment of the player’s ability to conduct the conversions. 
The Boss Challenge i s a t imed duel. The player i s required 
to c orrectly answer 80 pe rcent of  t he pr oblems, a nd do s o 
within the given time constraints. If the player was unable to 
defeat the boss within the t ime frame or  without a passing 
score, t he pl ayer w ould be  r equired t o r estart t he s ublevel 
and d o m ore p ractice. If t he p layer i s a ble t o d efeat t he 
challenge, t he g ame w ill p rovide an  as sessment s creen t o 
provide the player assessment of their comprehension of the 
concept. After the assessment screen appears, the player will 
progress to sublevel 2 onl y i f a passing score was received 
and the challenge was completed within the time constraints. 
Fig. 4 illustrates the initial floor plan of the Boss Challenge. 

 
Fig. 4 Sublevel 1 Floor Plan 

3) Camera View: 

The camera pos ition (shown in Fig. 5) was d esigned t o 
be from the third person perspective. This allows the user to 
view the main character Chip, and his relative position to the 
digits which he must acquire. 

 
Fig. 5 BINX Level 1 Challenge Screenshot 

VI. BINX IMPLEMENTATION 

This s ection di scusses the im plementation o f th e f irst 
sublevel’s practice and challenge tasks. The i mplementation 
of t hese t wo t asks s hows t he ov erall a pplicability of  t he 
game design on the XNA Framework. 

A. BINX 

The Binx class i s t he m ain g ame cl ass. Initialize(), 
LoadContent(), UnloadContent(), Update(), and Draw() are 
five predefined methods of the XNA Framework (Figure 6). 
The Initialize() method is where the game initializes values. 
The LoadContent() method i s where graphics, models, a nd 
sound are loaded into to the game. The Unload() method is 
used when specific ga me objects require to be unloaded or  
disposed of . The Update() method updates the games logic 
and r easoning. F or e xample, t he Update() method 
determines i f t wo o bjects h ave i ntersected, i t ch ecks i f t he 
position of  a n obj ect ha s c hanged, or  de termines i f a  
specified t ime a llotted h as e xpired. T he Draw() method 
renders two and three dimensional objects to the screen. The 
Draw() method i s us ed t o dr aw s prites, e nvironments, a nd 
any other visual obj ects needed i n t he game world t o t he 
screen. 

 
 
 

 

 

 

 

 

Fig. 6 XNA Predefined Methods 

The Initialize(), LoadContent(), and UnloadContent() 
methods a re c alled a utomatically a t th e b eginning o f th e 
game a fter t he Binx class c onstructor i s c alled. N ext, t he 
game creates a continual loop between the Update() method,
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XNA 

BINX.cs
 

Game 
World 

Update() 

Draw() 

 and t he Draw() method (Fig. 7). The game a ttempts to  
continually c all th ese methods at  a rate o f 6 0 t imes p er 
second. This switching between the methods is what creates 
the continual game loop. 

 

 

 

 
 
 
 

Fig. 7 XNA Game Loop 

B. Game Components 

The i mplementation of the first sublevel o f B INX was 
designed to be modular so the code could be reused in later 
additions and versions of the game. To allow reusability and 
scalability of the code, game components were implemented. 
The Game Component class, an d t he Drawable Game 
Component class ar e t wo cl asses d efined b y t he X NA 
framework.  

1) GameComponent: 

Game components ar e s eparate c lasses f rom t he main 
game cl ass t hat can  be e asily c alled f rom within t he Binx 
class to provide their defined functionality. To do t his, each 
class needs t o ha ve i ts ow n c opy of  a ny of  t he f ive 
predefined methods of  t he X NA f ramework, a nd i t a lso 
needs t o h ave t he m ethods c alled t o o perate. T o cr eate a  
copy o f t he n eeded methods a nd h ave t hem cal led; a cl ass 
derives f rom t he GameComponent class. B y d eriving fro m 
the GameComponent class of the XNA framework, the game 
component can be added to the Components list of the Binx 
class. W hen a  g ame c omponent i s a dded t o t he l ist of  
Components of  t he Binx class, i t’s Initialize() method i s 
called af ter t he Initialize() method of  t he Binx class. Also, 
the Update() method of the game component is called after 
the Update() method of the Binx class has finished.   

2) Drawable Game Component: 

The Game Component class doe s not  i nherently 
implement th e Draw() method. I f a c omponent ne eds t o 
render a n obj ect t o t he s creen i t m ust i nherit f rom t he 
Drawable Game Component class. T he Drawable Game 
Component class cal ls t he Draw() method o f t he cl ass a fter 
the Draw() method of the Binx class has been called.   

C. Game Services: 

In B INX, s everal ga me c omponents ne ed t o be  a ble t o 
access the audio component and the camera component. To 
provide g lobal access t o t hese o bjects w ithout a d irect 
reference to them, Game Services were implemented. Game 
Services ( Fig. 8) a llow obj ects t o w ork t ogether without 
holding on t o a  di rect r eference t o t he obj ect t hey ne ed. 
Game S ervices f unction by  a dding t heir s ervice t o t he 
Services collection member o f t he Binx class. G ame 

Services allow o bjects t he ab ility t o s earch t he S ervice 
collection member of the Binx class and use the members or 
events o f o bjects t hat h ave ad ded t heir S ervice t o t he 
collection.   

 

 

 

 

 

 

 
Fig. 8 Game Services Collection 

1) Audio Component: 

The audio component was created to add sound effects to 
the game. The audio component adds its services to the Binx 
class when it is  in itialized. S ound is  a  type o f game asset 
added through the XNA framework. XNA comes with a free 
tool f rom M icrosoft c alled X ACT, C ross-Platform A udio 
Creation Tool. The audio creation tool was used to bui ld a 
sound project. Various sound clips were created in .wav files 
and t hen i mported i nto t he X ACT a udio c reation t ool.  
XACT was us ed t o c reate s ound ba nks, wave banks, a nd 
cues that are t hen co mpiled i nto a X AP f ile. The XAP file 
was then added to the content folder. The audio component 
accesses these files through the content manager.  The Audio 
Component class can then play the audio when a sound cue 
is called in a specified class using the Play Cue() method.  

2) Camera Component: 

The Camera Component class does not render anything. 
This class does not  e ven i mplement anything in i ts Draw() 
method. The c amera c omponent i nforms ot her c omponents 
of how they should draw themselves based on t he camera’s 
position. T his i nformation i s c alculated ba sed upon i nput 
from t he pl ayer. W hen t he pl ayer moves t he l eft a nd r ight 
thumb sticks the camera component updates three properties 
that other game components use to draw themselves. These 
properties a re V iew, P rojection, a nd W orld. B y upda ting 
these properties based on user input, it creates the effect that 
the player is  in  the game world. Code Listing 1 shows the 
View, Projection, and World matrices. 

 
Code Listing 1 Camera Matrices 

The c amera co mponent ca n b e c onceptualized a s 
representation of the player in the game world. Imagine the 
camera component a s a n obj ect t hat doe s not hing but  

world = Matrix.CreateRotationY(avatarYaw) *    
Matrix.CreateTranslation(avatarPosition); 
view = Matrix.CreateLookAt(cameraPosition,  
         avatarPosition + binxOffset, upVector); 
projection = 
Matrix.CreatePerspectiveFieldOfView(viewAngle, 
         viewPort.AspectRatio, nearClip, farClip); 

ICameraI
nterface.c

 
Camera 

Component.
 

Audio 
Component.c

 
GameServices 

 Binx.cs 

BINX Namespace 
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describe t he p layer. The ca mera d efines: w hat s core t he 
player ha s, what di gits t he pl ayer ha s a cquired, ho w much 
time the player has left, how much time the player has used, 
how many attempts the player has made, how many binary 
to decimal conversion attempts were correct, and how many 
decimal t o b inary co nversion at tempts were co rrect. These 
values a re a lso pr esented t o ot her c omponents t hrough 
properties. T he p roperties a re c alled Score, Digits, Time, 
Time Used, Attempts, DtoB Correct, a nd BtoD Correct 
respectively. Unlike t he View, Projection, a nd World 
properties, the camera does not cal culate t hese p roperties i t 
merely allows other components to get and set them.  

An interface i s a  co ntract of a  cl ass that s pecifies t he 
basic f unctionality th at th e c lass must h ave. The C amera 
component implements the I Camera Interface, to ensure the 
basic f unctionality of  a ll t he m ethods a nd pr operties of  a  
camera component. Wh en t he camera co mponent i s 
constructed it adds its services to the game. 

D. Game States: 

There a re n ine (9) states th at th e game tr ansitions 
through (Figures9 and 10). An O pening S cene S tate, Title 
Screen S tate, I nitial H elp S tate, Practice L evel S election 
State, C hallenge Level S election S tate, P ractice S tate, 
Practice Help S tate, C hallenge S tate, an d an Assessment 
State.  

The Game State class (Figure 10) i s d erived f rom the 
Drawable Game Component class p rovided b y t he X NA 
framework. T he Game State class c reates a l ist o f g ame 
components t hat t he s tate u ses c alled component list. T he 
component list stores the game components of the state until 
they are needed. When the Game State class calls the Draw() 
method, it c alls the Draw() method on e ach i tem of  t he 
component list. Wh en t he g ame s tate c alls t he Update() 
method, it c alls the Update() method on e ach of  t he 
components of  t he component list. T he Game State cl ass 
creates t wo virtual methods called S how an d Hide. Wh en 
the Hide() method is called none of the game components in 
the component list have t heir Draw() method or  Update() 
method c alled. T his c auses t he c omponents t o be come 
dormant. When the Show method is called, the class sets the 
Visible and Enable properties to true which allows the game 
state to update and draw each of the game components of the 
component list (Code Listing 2). E ach one  of  t he ni ne ( 9) 
states in the game inherits from the Game State class.  

 

 
Fig. 9 Game State Flow 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1 Game State Inheritance 

 
Code Listing 2 Game State Component List Draw 

E. Assessment State 

The Assessment class i s a  game s tate t hat retrieves f ive 
values from the camera on how the player performed in the 
challenge s tate. This component then draws these values t o 
the s creen ( Fig. 11) i n a  m eaningful way t o pr ovide t he 
player f eedback o n t heir ab ility t o p erform t he required 
conversions in the time allotted. It gets the camera’s Score, 
Attempts, DtoB Correct, a nd BtoD Correct properties, a nd 
draws these values over a texture2D that is drawn full screen

Opening Scene 
State 

Title Screen 
State 

Practice Level 
Selection State 

Practice State 

Help State 

Help State 
Challenge 

Level Selection 
State 

Challenge State 

Assessment 
State 

for (int i = 0; i < componentlist.Count; i++) 
            { 
GameComponent component = componentlist[i]; 
if ((component isDrawableGameComponent) && 
                       
((DrawableGameComponent)component).Visible) 
                { 
                    
((DrawableGameComponent)component).Draw(gameTi
me); 
                } 

GAME             STATES 

Help 
Component.

cs 
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States.cs 

TitleScreen
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HelpState
.cs 

Difficulty
Menu.cs 

Challenge
State.cs 
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cs 
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Show()       
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Fig. 11 Assessment State Example 

The p layer’s s core i s ca lculated w hen co rrect a nswers 
are p rovided at  t he t erminal c omponents i n t he ch allenge 
state. When a  correct answer i s p rovided at a t erminal, t he 
random value displayed on the terminal component is added 
to the Score property of the camera. This creates the players 
score in the assessment state.  

VII. BINX EVALUATION 

The pur pose of  t his evaluation was to assess a nd 
evaluate students’ use of the BINX game that was designed 
to a llow s tudents to pr actice c onverting bi nary-to-decimal 
and vice versa as a precursor for designing digital circuits in 
the Digital Logic Design course at Norfolk State University. 
To pr ovide e vidence of  t he game’s e ffectiveness, t he 
students c ommitted to  ( a) c ompleting p re-assessments 
regarding l earning s tyles, self-efficacy with learning digital 
circuit de sign, a nd f requency of  us e with t echnology; ( b) 
using the game for approximately one week; ( c) k eeping a  
journal l og of  t heir w ork; a nd ( d) participating i n a  f ocus 
group t o s hare t heir e xperience w ith t he B INX g ame. T o 
guide the a ssessment a ctivities, the f ollowing statements 
were used: 

1. Students w ill im prove in  s elf-monitoring a nd s elf-
assessment of effective learning strategies. 

2. Students will develop a proficiency in converting binary 
to digital and converting digital to binary. 

During t he s pring 2010 s emester, t en ( 10) s tudents 
enrolled i n t he E EN231 ( electrical en gineering) course at  
Norfolk S tate U niversity. However, onl y ni ne ( 9) of  t he 
students c ompleted most of the pr e-assessments a nd post-
assessments to measure their perceptions of the effectiveness 
of the BINX practice game for converting binary-to-decimal 
and vice-versa during one section of the class.  

Pre-assessments included measuring learning styles, self-
efficacy with l earning and de monstrating l earning with 
digital l ogic de sign, f requency of  t echnology use, and 
demographical data. In addition, students were given four (4) 
homework problems on bi nary-decimal-binary c onversions. 
The pos t-assessments i ncluded a  qui z t hat i ncluded 
problems on conversion as one section, journal entries, and a 
focus group. 

A. Findings 

As a  r esult of  t he pr e a nd pos t a ssessments, f indings 
from t he s urvey, j ournal e ntries, a nd focus group r evealed 

some pr eliminary i nformation r egarding t he us efulness, 
applicability, utility, and practicality of the BINX game.  

1) Profile: 

A profile of the ten (10) student participants is shown in 
table I below. T he s tudents used t he BINX ga me for a  
minimum of 1.5 hours each.  

TABLE I PROFILE OF STUDENT PARTICIPANTS 

# Ethnicity Gender Designation Major 

   S J So Un CE EE 

10 AA Male 1 3 5 1 1 9 

Where: AA- African American; S-Senior; J-Junior; So-Sophomore; Un-
Unknown; CE-Computer Eng.; and EE-Electronics Eng. 

 With regard to the learning style profiles shown in table 
II, this reveals that the majority of the students were act ive, 
visual, sensing, and sequential learners.  

TABLE II PROFILE OF STUDENT LEARNING STYLES 

Dimension 
1 

Dimension 
2 

Dimension 
3 

Dimension 
4 

Act Ref Vis Ver Sen Int Seq Glo 

75% 25% 100% 0% 75% 25% 68% 32% 

Where: Act- Active; Ref-Reflective; Vis-Visual; Ver-Verbal; Sen-Sensing; 
Int-Intuitive.; Seq-Sequential; and Glo-Global. 

2) Self-Efficacy in Academic Achievement Baseline: 

Self-Efficacy i s a  concept that measures an individual’s 
perception of confidence in their ability to do ne w things in 
combination w ith t he a bility t o c ope w ith t he u nknown. 
Taken t ogether with ha ving confidence i n academic s kills 
and abilities, the self-efficacy survey provided a b aseline of 
information regarding the students’ perceptions of how well 
they b elieve t hey can l earn, r etain, an d en gage i n 
conversations about academic work that is new and difficult. 
As a result, t he s elf-efficacy i n a cademic ach ievement 
section included questions that asked the students about their 
perceptions of  ho w well t hey can l earn ne w c oncepts, 
remember i nformation, i dentify pl aces t o s tudy w ithout 
distractions, m otivate t hemselves t o s tudy di fficult w ork, 
and p articipate i n cl ass d iscussions w hen t hey a re uns ure 
about the topic. Two of the questions on learning were in the 
context of digital circuit design. 

The s cale presented on t he survey r anged f rom 1 t o 7  
representing ‘not well at all with help’ (referred t o a s l ow 
efficacy) t o ‘very well on my own’ (referred t o a s h igh 
efficacy), r espectively. O verall, t he s tudents i ndicated h igh 
levels of self-efficacy—with the majority scoring at level 5, 
6, or  7. Specifically, w ith r egard t o t he s urvey i tems on 
learning, 78% of the students indicated they could learn new 
concepts w ith t echnology ‘pretty well with a little help’. 
Specific to learning digital concepts using technology-based 
applications, 44%  c ould learn t he r ules ‘pretty well with a 
little help’, and 33% could learn them ‘pretty well with lots 
of help’. In a ddition, w hen s tudents w ere asked how  well
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they be lieved t hey c ould de sign di gital c ircuits, onl y 1/ 3 
indicated they could do t his ‘pretty well with a lot of help’-
the remaining students rated their ability to do this at lower 
levels of efficacy. None of the students indicated they could 
learn digital circuits on their own.  What this suggests is that 
students a ppear t o ha ve hi gher efficacy r egarding l earning 
new c oncepts w ith t echnology or  even l earning c oncepts 
using t echnology based applications. However, when asked 
specifically about digital circuits or designing digital circuits, 
the s tudents c learly i ndicated t hey w ould ne ed a dditional 
help.    

With re gard t o re membering n ew i nformation, s tudents 
responded t o s urvey i tems t hat a sked how well t hey could 
remember new information presented in class, textbooks, or 
via ha nds-on p ractice. Using t he s ame e fficacy s cale, t he 
student r esponses w ere e qually di stributed a cross t he 
efficacy s cale i ndicating t hat, as a cl ass, there w as n o 
majority t hat p erceived s elf-efficacy with r egard t o t his 
statement. This eq ual d istribution acr oss t he ef ficacy s cale 
was a lso t rue f or l earning ne w materials pr esented i n t he 
textbook. Wh en asked ab out l earning n ew materials via 
hands-on e xperience, more s tudents i ndicated hi gher 
efficacy with 56% indicating they could do t his ‘pretty well 
on their own’.  For the most part, students have a lower self-
efficacy with learning or designing digital circuits, but have 
a h igher s elf-efficacy with regard to l earning ne w concepts 
with t echnology-based a pplications a nd l earning ne w 
information w hen given t he oppor tunity f or ha nds-on 
experience.  

In summary, when asked about motivation to do difficult 
work, the majority of  the s tudents indicated higher efficacy 
with 56%  i ndicating t hey c ould m otivate t hemselves very 
well on t heir o wn. Interestingly, onl y 44%  o f t he s tudents 
indicated t hat t hey c ould pa rticipate i n c lass di scussions 
when t hey are unsure a bout the t opic ‘pretty well, with a 
little help’. The remaining students indicated that they could 
do t his ‘okay alone’, a nd 22% i ndicated t hey c ould ‘pretty 
well alone’.  

3) Baseline: Frequency of Technology Use: 

The frequency of use of technology section listed seven 
activities for which the desktop and/or l aptop are used and 
asked t he students t o i ndicate the l evel o f f requency t hey 
participate in  these activities. The activities included email, 
instant m essaging, M ySpace/ Facebook, s hopping, 
researching databases for class work, sending and receiving 
photos, and uploading or viewing YouTube. The scale used 
to measure t he l evels of  f requency i ncluded ( a) F requently 
(daily) = 5; Often (2 to 3 times/week) = 4; Sometimes (once 
a week) = 3; Seldom (2 to 3 times/month) = 2; and Never = 
1. 

As indicated in the research regarding today’s youth and 
their us e of  de sktops a nd l aptops, a ll ten of t he s tudents 
indicated t hat t hey e mail e very da y a nd eight s tudents u se 
their cell phones for reasons other than to make calls daily. 
Five of  t he s tudents us e i nstant messaging a nd 
Facebook/MySpace da ily, a nd t he majority o f t he s tudents 
seldom or never shop online.  

In s ummary, b aseline d ata i ndicate t hat t he m ajority o f 
the students were active, visual, sensing, sequential learners 
who us e c omputers a nd various ot her t echnologies on a  
daily ba sis f or various pur poses i ncluding l earning. Their 
efficacy i s hi gher f or l earning with t echnology, various 
software a pplications, a nd e ven n ew c oncepts, but  not  a s 
high when it c omes to  d esigning d igital c ircuits o r 
participating in discussions when unsure about the topic. As 
well, th e students’ efficacy with r emembering i nformation 
when allowed to engage in hands-on practice was rated high 
as w ell a s th eir e fficacy with motivating th emselves to  d o 
work t hat i s di fficult t o unde rstand. These ba seline 
indicators s uggest t hat t he BINX game—designed t o he lp 
students better understand converting binary-to-decimal and 
decimal-to-binary, should pr ove be neficial t o a  g roup of  
students w ho a re visual l earners, r emember b etter with 
hands on practice, learn fairly well with technology, and can 
continue playing the game even when it gets difficult. 

4) Journal Entries: Using the BINX Game: 

Given that the BINX game was designed to help students 
with conversions—which is only one of the concepts critical 
to s uccessful c ompletion of  t he c ourse, ni ne ( 9) of  t he t en 
(10) students provided a recorded time of a 1.5 hour session 
that was set aside to play the BINX game. During this time, 
they were a sked t o ke ep a  j ournal l og of  t heir onl ine 
experience which i ncluded t he d ate; s tart a nd en d t imes; 
whether t hey were converting b inary-to-decimal o r vice-
versa; t he l evel o f d ifficulty ( easy, moderate, or difficult); 
whether or not they played the Maze or the Assessment; and 
whether or  not  t hey de rived at t he correct a nswer. The 
findings from the logs r evealed only the l ength of  t ime the 
students p layed t he B INX game but  not  t he l evel of 
difficulty, w hether or  not  t hey pl ayed t he M aze or  t he 
Assessment, or indicated whether they derived at the correct 
answer. 

5) Focus Group After Using the Practice Game:  

One week after the students played the BINX game and 
completed t heir q uiz p roblems t hat s pecifically ad dressed 
converting binary-to-decimal and vice versa, four of the ten 
students pa rticipated i n a  f ocus g roup t o di scuss t heir 
experience. The s tudents r esponded t o e ight ( 8) que stions 
that a sked a bout t he he lpfulness of  t he game, di fficulty of  
the g ame ( or us er-friendlessness), l earning oppor tunities 
using the games, a nd recommendations for improving t he 
game.  

The results from the focus group revealed that overall the 
students in dicated th at th e g ame was very h elpful with 
practicing converting b inary-to-decimal an d d ecimal-to-
binary di gits. The s tudents a lso i ndicated t hat the l evel of 
difficulty (on a s cale f rom 1  – 5 w ith 1 be ing easy a nd 5  
being difficult) was between 3 and 4. The students indicated 
that regardless of what challenges they faced with the BINX 
game, they ne ver s topped practicing—they just f igured out  
how to do w hat they needed to do. When asked about why 
they never s topped pl aying e ven when t he g ame was 
difficult, they indicated that they are not used to losing and 
you want to win. Students learned to work around the “kinks” 
they believed were i n t he game a nd c ontinued to pr actice 
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both the conversions as well as demonstrating to themselves 
their g aming s kills. S tudents in dicated th at a fter a  while 
“you stop thinking of it as practicing and start seeing it as a 
game”. 

Students were also a sked whether or  not  t hey s pent a s 
much t ime as t hey s hould ha ve on t he B INX g ame as  a 
practice tool and they said, “no”—mainly b ecause you can 
never really get enough practice for anything. Interestingly, 
students b egan t o cr eate o ther ch allenges f or t hemselves 
such as trying to either beat the allotted time provided in the 
game o r b eat t heir o wn t ime when p laying t he game. In 
addition, when students were asked if the game helped them 
with t heir c onversions, t he r esponse w as “ yes, most 
definitely it helps!”. Using a game was something new with 
studying concepts needed for class, and “you need practice”. 

In s ummary, t he s tudents e njoyed pl aying t he B INX 
game, b elieved i t was h elpful t o pr acticing c onversions of  
binary-to-decimal and decimal-to-binary, would recommend 
the g ame t o ot hers w ith s ome improvements, a nd e njoyed 
playing the game s ince it e ventually d id n ot “ feel” lik e 
practicing concepts. As well, s tudents w ould r ecommend 
that t he s cenery c hange as  you move t o d ifferent l evels, 
allow t he l evels t o ch ange gradually, p rovide a “clear” 
button just in case you choose something you do not  want, 
and ad d m ore f eatures t hat ar e r eflective o f t he o ther 
concepts covered in the course. 

6) Academic Achievement:  

In addition to the above assessments, all t en (10) of  the 
students co mpleted t wo a ssessments t o m easure t heir 
understanding a nd ability to  convert b inary-to-decimal an d 
decimal-to-binary be fore a nd a fter us ing t he B INX g ame. 
The pr e-assessment included three (3) ho mework problems 
converting bi nary-to-decimal a nd one  hom ework pr oblem 
converting decimal-to-binary. The post-assessment included 
a qui z t hat r equired t he s tudents to c onvert de cimal-to-
binary f or t hree of  t he pr oblems a nd c onvert bi nary-to-
decimal on t wo of  t he pr oblems. These pr e- and post-
assessments were combined to reveal an average increase or 
decrease in the students’ movement toward correct problem 
solving. Specifically, o f t he 10 s tudents 60%  i ncreased i n 
their acc uracy i n co nverting b inary-to-decimal a s w ell a s 
converting d ecimal-to-binary. T his means t hat 40%  of  t he 
students r ealized a decrease in demonstrating an a bility to  
convert from binary-to-decimal and decimal-to-binary. This 
might be explained by the environment whereas ho mework 
problems a llow s tudents t o w ork a t t heir ow n pa ce i n a  
chosen e nvironment a nd t he qu iz i s a  c ontrolled, timed 
environment not  s elected by  t he s tudent. E ither w ay, t he 
percentage of  s tudents w ho were able t o perform t he 
conversions increased from the pre to post assessments. 

VIII. CONCLUSION 

The a im of t his r esearch w as to design an  educational 
game (BINX) that c an be  d eployed on a n of f-the-shelf 
console as  w ell as  a P C. BINX, an educational adventure 
game, w as designed t o a ddress N umber S ystems a nd t heir 
arithmetic operations in Digital Logic Design; a core course 
is Electrical an d Computer E ngineering p rograms. The 

effectiveness o f B INX in t he cl assroom t o p ractice number 
conversions w as a lso formally evaluated. Although 
mastering c onversions is  n ot th e e nd a ll f or successful 
achievement i n a D igital L ogic D esign course, t hey ar e 
pivotal and critical. As a result, it was important to measure 
students’ academic achievement before and after playing the 
BINX game while understanding the context of the students’ 
learning s tyles and le vel o f c omfort with le arning via 
technology a nd games, a s well a s f requency of  technology 
use. T he r esults i ndicated t hat m ore s tudents ( 60%) 
increased i n t he number o f correct responses t hey received 
with c lass a ssignments s pecific to  c onverting b inary-to-
decimal after using the game.  

In a ddition t o a chievement i n be tter de monstrating 
proficiency i n c onversion of  bi nary a nd de cimals, s tudents 
also in dicated th at they e njoyed p laying th e g ame to  th e 
point t hat the c onsciousness of  pr acticing t he c onversion 
became s econdary t o g aming. A s a r esult, the s tudents 
continued t o work a t f iguring out  ways t o pl ay e ven when 
playing b ecame d ifficult, c reated n ew challenges f or 
themselves such as beating the time allotted in the game or 
their own time. In addition, students tended to comment on 
the visual i magery of the game—in that they wanted to see 
more scenery variations as they moved to different levels of 
the g ame. D eveloping s tudents’ pr oficiency i n c onversion 
became “fun” without compromising their learning. 

In summary, the overall intent of the BINX game was to 
enhance students’ ability to monitor their learning as well as 
develop t heir pr oficiency i n c onverting bi nary-to-decimal 
and d ecimal-to-binary as o ne as pect o f s uccessful 
completion o f th e D igital Logic D esign course. The B INX 
game pr oved t o be  he lpful with bot h of t hese e xpectations 
because s tudents were a ble t o d etermine t heir learning via 
the game as  w ell as increase i n t he p ercentage o f a ccurate 
responses to t he c onversion pr ocess. O verall, t he B INX 
game i mproved t he l earning of bi nary-decimal conversion 
for at  l east 1 0 A frican-American male e ngineers o f t he 
future. 
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