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Abstract - Numbering systems are of great importance in 
Computer Science and Engineering education. The binary 
numbering system can be considered as one of the most 
fundamental, since its understanding is essential for the 
understanding of other Computer Science and Engineering 
concepts, such as data representation, data storage, computer 
architecture, networking, and many more. Yet, students are 
having difficulties understanding it. One approach which has 
been shown to improve learning of different science and 
mathematics concepts is the use of educational games. 
Educational games have the potential to engage and motivate 
learners through fun activities. This paper presents a small 
exploratory survey on an electronic educational game for 
practicing decimal to binary number conversions. 
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1 Introduction 
This paper builds on [16], which presents an 

educational game for practicing decimal to binary number 
conversions, called Binary Blaster. Numbering systems 
provide the foundation for many Computer Science and 
Engineering topics, making them one of the most fundamental 
concepts in Computer Science and Engineering education 
[13]. Of significant importance is the binary numbering 
system, which is widely used in Computer Science and 
Engineering. Understanding of the binary system is essential 
for the understanding of other Computer Science and 
Engineering topics, including but not limited to, data storage, 
computer architecture, and networking [32]. Moreover, given 
that at their most basic level, computer data (including 
computer's instructions), are represented with binary numbers 
(without reducing those numbers further to simple high and 
low voltages), the binary number system is essential for 
understanding data representation. Also, specific 
representations such as twos-complement and floating point, 
build on and require an understanding of binary numbers [17]. 

The IEEE/ACM Joint Task Force on Computing 
Curricula guidelines for undergraduate degree programs 
include machine level representation of data (machine 
learning) as part of one of the fundamental knowledge areas. 
Some of the recommended topics to be covered are numeric 
data representation, number bases, and twos-complement 
representations [8]. Computer Science and Engineering 
students should have an understanding of the binary number 

system so that they can understand the basic operations of a 
machine. At even a more general level, to be able to develop 
useful and efficient software and hardware, students should 
have a good understanding of the process involved in binary 
arithmetic and operations performed by computers. 

Although the binary numbering system is at the core of 
many areas of Computer Science and Engineering education, 
students have difficulties understanding it and instructors 
explaining it [17, 23]. This may be an inherent difficulty, since 
it is an unfamiliar concept for the students. Most students are 
so used to performing arithmetic in the decimal system that 
any other numbering system seems unnatural [1] and difficult 
for them to comprehend [12]. Moreover, according to Petzold 
(2000), conversions between the common number systems can 
be tricky and awkward [7].  

One approach that has been shown to be effective in 
teaching and learning different science and mathematics 
concepts is the use of educational technologies. By bringing 
the worlds of academia and technology together, we can create 
educational environments that were not previously possible. 
Technology can change the way educators and students 
interact and communicate with each other, the way learning 
materials are presented, and the place and time learning occurs 
[15]. Successful technology integration in education can 
capitalize on students’ enthusiasm about technology [31] and 
serve as a motivation for learning. 

Educational software and specifically, electronic 
educational games, is one kind of technology that can be used 
to support education even for young students [2, 11, 18, 24, 
30]. Research has shown that electronic games are engaging 
and effective learning tools [3, 10, 22]. They can motivate, 
excite, and engage students in the learning process. This does 
not come as a surprise, taking into consideration the many 
hours students from very young age spent playing electronic 
games [25]. Moreover, games can provide an active learning 
environment. Actively learning, making mistakes, and learning 
from them, is more effective than passively listening to a 
lecture [29]. 

Educational games can be designed and developed as 
fun and engaging activities where students can learn or 
practice different concepts. Games focused on learning, 
incorporate information which allows students to construct 
knowledge during game play through the exploration of 
different scenarios related to the target subject area. On the 
other hand, games focused on practice rather than learning, 
incorporate questions directly related to the relevant subject 
area and provide students incentives to answer the questions to 
the best of their knowledge by either offering resources 



necessary to continue playing the game, moving up a skill 
level, or earning points.  

Currently, there are many electronic resources available 
for teaching and learning the binary number system as well as 
conversions between decimal and binary numbers [4, 5, 6, 9, 
14, 20, 21, 26, 27, 28, 32]. Such resources can be classified 
into four main categories: (a) resources which provide 
instructional material in a static textual and visual form [5, 9, 
26], (b) resources which provide instructional material only in 
visual form (e.g., videos) [21], (c) resources which provide a 
decimal to binary converter without any instructional material 
[4, 20, 27, 28], and (d) resources which are only focusing on 
practicing number conversion [6]. A more comprehensive 
discussion on educational software available for binary 
number systems can be found in [32]. 

Of interest to this paper is the fourth category which 
includes educational software for practicing number 
conversions and especially, educational games. In what 
follows, we provide an overview of an educational game, 
called Binary Blaster [16], which is designed for practicing 
decimal to binary number conversion. We also present an 
exploratory survey on students’ perceptions about the game. 

  

2 The Game 
2.1 Game Overview 

Binary Blaster allows students to practice decimal to 
binary number conversion in three different forms of binary 
representation (straight binary, excess, and twos-complement). 
The game includes two playing modes (single player mode 
and multi-player mode) and two possible input modes 
(standard keyboard and video game controller). 

When the game begins, players must select the binary 
representation they would like to practice with as well as the 
number of bits they would like the binary numbers to have 
(e.g, 3-bit, 4-bit, etc. up to 8-bit binary numbers).  

During game play, a randomly generated decimal 
number embedded in a colored shape (e.g., star, circle, etc.) is 
“falling” from the top of the screen. At the same time, at the 
bottom of the screen there is a list of distinct binary numbers 
(the default size of the list is six distinct binary numbers) with 
a uniform number of bits, including the binary number that 
corresponds to the “falling” decimal number. The form of the 
binary numbers available depends on the player’s selection at 
the beginning of the game (i.e., binary representation and 
number of bits). The goal of the player is to match the 
“falling” decimal number with its corresponding binary 
number available at the bottom of the screen (see, Figure 1). 

 

Figure 1: A screenshot from the multi-player mode of Binary Blaster 
showing three different players, represented by three differently 

colored shapes. 

Once the decimal number reaches the bottom (i.e., it is 
matched with a binary number), immediate visual and auditory 
feedback is provided to the players. To motivate players to 
spend more time practicing decimal to binary conversion so as 
to become proficient, players receive points for every correct 
matching and lose points for every incorrect one. The player’s 
goal is to earn points and achieve a high score. Following 
feedback to the user, a new decimal number starts falling from 
the top of the screen and the list of available binary numbers is 
updated. The entire process is repeated until the players have 
reached a desired score or feel that they are proficient with the 
specific type of conversion. 

Moreover, the game provides different ways to 
challenge the players: 

(a) the speed of the falling decimal number increases as 
the players progress through the game and earn more 
points;  

(b) players can increase the number of bits in the binary 
numbers they are practicing with;  

(c) players can increase the number of available binary 
numbers to choose from (at the bottom of the screen);  

(d) players can change the binary number representation 
(i.e., standard binary, excess notation, or twos-
complement).  

Binary Blaster is currently available for different 
operating systems (e.g., Linux, Windows, iOS) and although it 
only includes conversions from decimal to binary 
representation, it is easily expandable to other numbering 
systems such as hexadecimal and octal. 
A more detailed discussion of the game and its 
implementation can be found in [16]. 
 
 



3 Exploratory Survey 
3.1 Overview 

To further explore the potential of Binary Blaster as 
well as confirm and strengthen the findings of [16], a small 
exploratory survey on its effectiveness and students’ 
perception of it, was conducted with first year undergraduate 
computing students. The survey was part of the “Introduction 
to Mathematics for Computing” course, in which students are 
introduced to numbering systems, with emphasis on the binary 
system. All students taking the course (40 students) were 
invited to participate in the survey voluntarily. A total of 38 
students accepted the invitation. Although the number of 
participants is not very high (i.e., the survey results may not be 
representative), the survey results can be used to indicate 
future directions.  

During the course, one class period (1 hour and 15 
minutes) was spent on formal instruction of the binary system 
and binary representations. By the end of this class period, 
participants were introduced to Binary Blaster and a one hour 
extra session was arranged for participants to play with the 
game. The session was scheduled two days after formal 
instruction and it took place in a computing laboratory. During 
the “play” session students were asked to use the game 
individually to practice decimal to binary conversions. Some 
students chose to play in groups (multiplayer mode) in 
addition to playing individually. Students were also asked to 
try and play the game with different number of binary bits and 
different binary representations, until they felt comfortable 
with the conversions. 
 
3.2 Survey 

Three instruments were developed for evaluating the 
effectiveness of the game as well as students’ perceptions 
about the game: the pre-test worksheet, the post-test 
worksheet, and the post-test questionnaire. The pre-test 
worksheet was administered to the students at the beginning of 
the game play session. The post-test worksheet and post-test 
questionnaire were administered at the end of the game play 
session. Below are the three instruments. 
 
Pre-test Worksheet: 
 
Problem 1: 
Convert the following binary numbers to decimal. On a scale 
of 1 (very easy) to 5 (very difficult) rate the degree of 
difficulty for each. 
a) 110         b) 011         c) 1001         d) 1011  
e) 11100     f) 10101      g) 101100     h) 110100 
 
Problem 2: 
Convert the following decimal numbers to binary. On a scale 
of 1 (very easy) to 5 (very difficult) rate the degree of 
difficulty for each. 

a) 7        b) 4        c) 13     d) 10  
e) 20     f) 29     g) 42     h) 45 
 
 
Post-test Worksheet: 
 
Problem 1: 
Convert the following binary numbers to decimal. On a scale 
of 1 (very easy) to 5 (very difficult) rate the degree of 
difficulty for each. 
a) 101         b) 100        c) 1101         d) 1100  
e) 11010     f) 10011     g) 101010     h) 110011 
 
Problem 2: 
Convert the following decimal numbers to binary. On a scale 
of 1 (very easy) to 5 (very difficult) rate the degree of 
difficulty for each. 
a) 6        b) 3        c) 14     d) 11  
e) 18     f) 27     g) 52     h) 46 
 
 
Post-test Questionnaire 
 
Question 1: On a scale of 1 (very difficult) to 5 (very easy), 
how easy was Binary Blaster to use? 
 
Question 2: On a scale of 1 (not enjoyable) to 5 (very 
enjoyable), how much did you enjoy playing Binary Blaster? 
 
Question 3: On a scale of 1 (not effective) to 5 (very 
effective), how effective do you think Binary Blaster was for 
your understanding of binary numbers? 
 
Question 4: Is there something you would like to improve 
about Binary Blaster? Explain your answer. 
 
Question 5: Do you have any additional comments related to 
your experience with Binary Blaster? 

3.3 Results 

Results of participants’ performance in the pre- and 
post-test worksheets are presented in Table 1. The table 
presents the percentage of participants’ correct responses to 
the conversions (percentages are rounded to the nearest whole 
number) and the average participants’ difficulty rating for each 
conversion (rounded to the nearest tenth). 

As we can see from Table 1, the results are not very 
surprising. Participants’ performance was improved after 
using the game, but not significantly. Moreover, according to 
participants’ responses, their perceived difficulty with the 
conversions was improved, especially with conversions of 5 
and 6 digit binary numbers (problem 1e-h) and large decimal 
numbers (problem 2e-h). 

 
 
 



Table 1. Pre-test and post-test results 
 % Correct Responses Rating (1-5) 
 Pretest Posttest Change Pretest Posttest Change 

1a 90 90 0 1.3 1.3 0 
1b 79 79 0 1.3 1.2 -0.1 
1c 82 90 +8 2.4 2.2 -0.2 
1d 71 79 +8 2.6 2.4 -0.2 
1e 61 79 +18 3.2 2.7 -0.5 
1f 68 79 +11 3.7 3.0 -0.7 
1g 61 79 +18 4.0 3.4 -0.6 
1h 71 90 +19 4.2 3.2 -1.0 
2a 87 90 +3 1.3 1.3 0 
2b 90 90 0 1.4 1.2 -0.2 
2c 79 90 +11 1.9 1.5 -0.4 
2d 68 68 0 2.3 1.9 -0.4 
2e 71 79 +8 3.1 2.5 -0.6 
2f 68 79 +11 3.4 2.7 -0.7 
2g 61 79 +18 4.0 3.2 -0.8 
2h 61 68 +7 4.1 3.4 -0.7 
 

In addition to comparing participants’ performance 
results between the pre-test and post-test worksheets, the time 
participants spent on each worksheet was also recorded. The 
average time to complete the pre-test worksheet was 18 
minutes, whereas for the post-test worksheet was 11 minutes. 
This suggests that the game helped participants to become 
faster when performing number conversions (i.e., there was an 
improvement on participants’ response time). This was also 
reflected on participants’ comments on Question 5 of the post-
test questionnaire. More than half of the participants 
commented that the game helped them “think faster” and 
become quicker while performing the conversions. Some of 
their responses include: 

 
-“The game helps you think faster.” 
 
- “While playing the game you need to become quicker in 
doing the conversions in your mind. After playing the game 
for a while I became faster.” 
 
- “The game helps you find the conversions faster, you 
become quicker.” 
 
- “The game challenges you and helps you think fast about the 
conversions.”   
 

In terms of participants’ feedback about the game, the 
results of the participants’ responses to the post-test 
questionnaire suggest that the game was easy to use, 
enjoyable, and assumed to be effective by the participants. For 
Question 1, the average participants’ response was 4.8 (i.e., 
participants found the game very easy to use), for Question 2 
was 4.6 (i.e., participants found the game very enjoyable), and 
for Question 3 was 4.2 (i.e., participants’ found the game 
effective for their understanding of binary numbers). In terms 
of Question 4, almost all participants responded that there was 

nothing they would like to change about the game because 
they liked the game and they felt that the game was 
appropriate for its purpose. Only five participants made 
suggestions and those were as follows: 

 
- “I did not like the colors much. The interface is too pink for 
me.” 
 
- “It will be nice if the game includes some instructions on 
how to do the conversions rather than being just for 
practicing.” 
 
- “Maybe allow the players to change difficulty level while 
paying instead of having to exit the game and start again.” 
 
- “Include more numbers.” 
 
- “The user should be able to terminate the game when makes 
3 mistakes without losing the high score.” 
 

For Question 5, the main “themes” of participants’ 
responses were that the game was interesting and fun to play, 
it was challenging, and motivate them to practice more 
compared to a regular textbook. Some of the participants’ 
comments are presented below: 
 
- “It was effective for my learning because I practiced more, 
since I was playing to break high score.” 
 
- “I liked the game a lot. It is good and fun. The game became 
more effective for my learning when it was going faster. It 
helps your mind think fast.” 
 
- “I liked it because it reminded me of old arcade games. It 
was effective for learning, especially the faster it gets the more 
challenging and interesting it gets.” 
 
- “I liked the fact that the binary numbers were changing 
positions every time. It was difficult to memorize.” 
 
- “It is good that you have multiple choice. It helped me 
realize my mistakes and fix them.” 
 
- “The game is perfect for its purpose. I had fun playing with 
it. The multiplayer mode is more fun. I will use it at home 
also.”  

4 Conclusion and Discussion 
One approach that has been shown to be valuable for 

enhancing teaching and learning, is effectively utilizing 
educational technologies, or more precisely, interactive 
multimedia and educational software in the classroom. In the 
last few decades, there has been a dramatic increase in the use 
of educational technologies available for teaching and learning 
different science concepts and some universities have already 
integrated such systems into their curricula. In this paper, an 



exploratory survey on the effectiveness and students’ 
perceptions on an electronic educational game for practicing 
decimal to binary number conversions, called Binary Blaster, 
was presented. The game aims to provide a fun activity for the 
students which can motivate them to practice number 
conversions and become proficient in the subject. Although 
the game currently only includes decimal to binary 
conversions, it is easily expandable to other numbering 
systems such as octal and hexadecimal. The game is suitable 
for any age especially, high school students and first year 
university students. 

Overall, the results of the survey suggest that the game 
is easy to use, enjoyable, and students’ perceive it as effective 
for their understanding of the binary system. Moreover, it was 
found that students became faster in performing decimal to 
binary conversions after playing the game for some time. This 
is not a surprise, since extensive practice always results in 
better performances. On the other hand, according to students’ 
comments, they only had extensive practice because of the 
game. In other words, the game was successful in motivating 
students to solve more problems and play until they felt they 
were proficient with the conversions. In terms of performance, 
there was an improvement after students played with the game, 
but not significant. Finally, after using the game, students 
found conversions easier to perform, especially with large 
numbers (e.g., with five and six digit binary numbers). These 
findings confirm and strengthen the results of [16] that 
students enjoy playing with Binary Blaster, the game is easy to 
use and fun to play with, and that in their opinion, the game is 
effective for their learning and understanding of binary 
number conversions. 

For the future, a more comprehensive study will be 
conducted on the effectiveness of the game as well as its 
appeal to the students.  

 
5 References 
[1] A. D. Patterson, L. J. Hennessy. “Arithmetic for 
Computers,” Computer Organization and Design: The 
Hardware/Software Interface. Morgan Kaufmann. Publishers. 
2007. 

[2] A. Ireland, D. Kaufman, & L. Sauvé. Simulation and 
Advanced Gaming Environments (SAGE) for Learning. In 
Proceedings of World Conference on E-Learning in 
Corporate, Government, Healthcare, and Higher Education, 
pp. 2028-2036, 2006. Reeves, T. & Yamashita, S., Eds. 
Cheasapeake, VA. 

[3] A. Waraich, A. “Using Narrative as a Motivating Device 
to Teach Binary Arithmetic and Logic Gates,” in the 
Proceedings of the ITiCSE’04 Conference, pp. 97-101, 2004. 

[4] Base Converter. Available from http://www.cut-the-
knot.org/binary.shtml, 16 April, 2014. 

[5] B. Hanselton. “Bases.” 2007 Available from 
http://www.brainjammer.com/math/bases/, 16 April, 2014. 

[6] CISCO Learning Network Games. Available from 
https://learningnetwork.cisco.com/docs/DOC-1803, 16 April, 
2014. 

[7] C. Petzold. “Alternatives to Ten. Code: The Hidden 
Language of Computer Hardware and Software,” Microsoft 
Press, 2000. 

[8] CSC2013. “Computer Science Curricula 2013: 
Curriculum Guidelines for Undergraduate Degree Programs in 
Computer Science.” The Joint Task Force on Computing 
Curricula, IEEE Computer Society, Association for 
Computing Machinery. Available from: 
http://www.acm.org/education/CS2013-final-report.pdf, 16 
April, 2014. 

[9] CSTC: Computer Science Teaching Center. “Conversion 
Between Different number Systems.” Available from 
http://courses.cs.vt.edu/~cs1104/number_conversion/convexp.
html, 16 April, 2014. 

[10] D. Oblinger. “Simulations, games and learning,” 
EDUCAUSE Learning Initiative, pp. 1-6, 2006.  

[11] G. G. Bitter and M. J. Legacy. “Using Technology in the 
Classroom (7th ed.). Pearson Education, Inc. USA, 2008. 

[12] G. J. Brookshear. “Data Storage. Computer Science: An 
Overview.” Pearson Education, Addison-Wesley, 2009. 

[13] G. R. Dattatreya. “A Systematic Approach to Teaching 
Binary Arithmetic in a First Course.” IEEE Transactions on 
Education, 36 (1), pp. 163-167, 1993. 

[14] H. Mitsuhara, H. Ogata, K. Kanenishi, and Y. Yoneo. 
“Do Children Understand Binary Numbers by Electric Card 
Game?” in the first IEEE International Workshop on Digital 
Game and Intelligent Toy Enhances Learning (DIGITEL’07), 
pp. 191-192, 2007. 

[15] I. Polycarpou. “Using Technology to Enhance K-12 
Outreach in Materials Science.” Materials Research Society 
(MRS) Bulletin, 36 (4), pp. 290-297, 2011. 

[16] I. Polycarpou, J. Krause, and M. Noring. “Binary 
Blaster: An Educational Game for Practicing Binary Number 
Conversions,” in the Proceedings of the Int’l Conf. Frontiers 
in Education: CS and CE (FECS’11), pp. 492-497, 2011. 

[17] K. Becker. “A Multiple Intelligences Approach to 
Teaching Number Systems,” in Proceedings of 2003 ITiCSE 
conference, pp. 250, 2003. 

http://www.cut-the-knot.org/binary.shtml
http://www.cut-the-knot.org/binary.shtml
https://learningnetwork.cisco.com/docs/DOC-1803


[18] K. Squire & H. Jenkins. “Harnessing the Power of 
Games in Education.” InSight, 3(5). Institute for the 
Advancement of Emerging Technologies in Education 
(IAETE). 2003.  

[19] L. A. Steen. “Twenty Questions about Mathematical 
Reasoning,” in L. Stiff (ed.), Developing Mathematical 
Reasoning in Grades K-12, pp. 270 – 285, 1999. Reston, VA: 
National Council of Teachers of Mathematics. 

[20] Math is Fun. Available from 
http://www.mathsisfun.com/binary-decimal-hexadecimal-
converter.html, 16 April, 2014. 

[21] Math Warehouse. Available from 
http://www.mathwarehouse.com/non-decimal-bases/convert-
binary-to-decimal.php, 16 April, 2014. 

[22] M. Mayo. “Games for science and engineering 
education,” Communications of the ACM, 50 (7), 2007. 

[23] M. Panoiu, A. Iordan, C. Panoiu, L. Ghiorghioni. 
“Educational Software for Teaching the Basics of Computer 
Science,” WSEAS Transactions on Advances in Engineering 
Education, 12 (6), pp. 238-243, 2009. 

[24] M. Prensky. “Digital game-based Learning.” McGraw-
Hill, NY., 2001. 

[25] N. Etuk. “Educational Gaming: From Edutainment to 
Bona Fide 21st Century Teaching Tool.” Available from 
http://www.mmischools.com/Articles/ReadArticle.aspx?Articl
eID=59693, 16 April, 2014. 

[26] Numbering Systems Tutorial. Available from 
http://www.electronics.dit.ie/staff/tscarff/number_systems/nu
mber_systems.html, 16 April, 2014. 

[27] Numbers Converter. Available from 
http://www.unitconversion.org/unit_converter/numbers.html, 
16 April, 2014. 

[28] On-line Binary Decimal Converter. Available from 
http://www.binaryconvert.com/, 16 April, 2014. 

[29] R. Turban. “Approaches to Implementing and Teaching 
Human Computer Interaction,” in the Proceedings of the 
International Conference on Information Technology: 
Computers and Communications (ITCC’03), pp. 81-84, 2003. 

[30] R. Van Eck. “Digital game-based learning: It’s not just 
the digital natives who are restless.” EDUCAUSE Review, 
41(2), pp. 16-30, 2006. 

[31] V. J. Rideout, U. G. Foehr, and D. F. Roberts. “Kaiser 
Foundation Study: Generation M2.” Available from 
http://www.kff.org/entmedia/upload/8010.pdf, 16 April, 2014. 

[32] Y. Feastery, F. Aliz, and J. O. Hallstromy. “Serious 
Toys: Teaching the Binary Number System,” in the 
Proceedings of the ITiCSE’12, pp. 262-267, 2012. 

6 Acknowledgements 
The author would like to thankfully acknowledge the 

contributions of Julie Krause, Kyle Schulz, David Danford, 
Monica Noring, and Heidi Lewis to the development of 
Binary Blaster. 
 

http://www.mathsisfun.com/binary-decimal-hexadecimal-converter.html
http://www.mathsisfun.com/binary-decimal-hexadecimal-converter.html
http://www.mathwarehouse.com/non-decimal-bases/convert-binary-to-decimal.php
http://www.mathwarehouse.com/non-decimal-bases/convert-binary-to-decimal.php
http://www.electronics.dit.ie/staff/tscarff/number_systems/number_systems.html
http://www.electronics.dit.ie/staff/tscarff/number_systems/number_systems.html
http://www.unitconversion.org/unit_converter/numbers.html
http://www.binaryconvert.com/
http://www.kff.org/entmedia/upload/8010.pdf

	1 Introduction
	2 The Game
	2.1 Game Overview

	3 Exploratory Survey
	4 Conclusion and Discussion
	5 References
	6 Acknowledgements

