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Abstract: Nowadays, there has been a real change in the traditional methodology for learning and teaching; the teaching of 
mathematical subject needs to identify the real necessities of students to avoid deficiencies in static classrooms. The benefits of 
the digital game based learning approach as a learning paradigm are widely recognized, because they support learning 
environments where students are actively related in implementing their own knowledge; passing through passive to active 
learning states. This article describes the development of an educational video game that aims to help first semester high school 
students to improve their understanding of the Numerical Evaluation of Algebraic Expressions.The game is verified by testing 
to ensure that the graphic and textual components show the correct communicability interfaces and transmit efficiently the 
intent of the educational content. The results of communicability testing were analysed on the same day and show that 
interfaces with greater communicability problems were those that concentrate more on graphical and textual components. 
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1. Introduction 

Since the first attempts to include educational technologies 
in various school systems around the world, educational 
progress has been too slow. Pelgrum & Voogt (2009) found a 
number of barriers that have slowed or stalled the apparent 
advantage of these types of educational tools in the teaching-
learning process: “Students continue to show aversion to the 

use and usefulness of ICT, especially in areas related to 

mathematics, use new strategies for educational technology 

where more interactive and dynamic interfaces are needed” 

[1]. In this context, in the first decade of the twenty first 
century the popularity of video games in education has 
become a new educational technology, providing students an 
effective and fun environment to support learning processes.  

This paper reports the results obtained from a round of 
communicability tests performed on a video game prototype. 
The goal of the video game is to help high school students 
improve their understanding of the Numerical Evaluation of 
Algebraic Expressions, which is part of Algebra. The aim is 
to verify how effectively the graphical and textual 
components communicate the creators’ intention. A 
qualitative approach was adopted to perform the tests at an 
early stage of the process. Printout prototypes and a think 

aloud protocol were used. Four non-potential users were 
involved in the test, which took place in a classroom. The 
results were analyzed on the same day. They reveal that the 
interface with the highest concentration of textual and 
graphical components present the most important 
communicability problems. 

The paper is organized as follows: section 2 is a brief 
review of digital games based learning (DGBL); section 3 is 
a review of related works about DGBL and low cost 
communicability methods in usability; section 4 describes the 
evaluated prototype features; section 5 presents an 
educational methodology proposal for the use of educational 
video games; section 6 describes the applied procedure to 
carry out the communicability tests and shows the results 
obtained from the tests of our video game; and finally, 
section 7 presents the conclusion of this work. 

2. DGBL: A Brief Review 

The lack of creativity in teaching mathematics is one of the 
factors that have caused boredom and a loss of interest in the 
subject. DGBL has been considered an effective method to 
significantly improve the motivation and feelings of students 
through the learning process in different areas of knowledge 
[2]. DGBL is a learning approach that uses computer games 
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as a means of transporting educational content in order to 
empower and motivate students to study. The word “game” 
attached to digital applications in an instructional context is 
defined by Salen & Zimmerman (2004) in Rules of Play: 

Game Design Fundamentals as “A game is a system in which 

players are encouraged to resolve an artificial conflict, 

defined by rules, which results in a measurable output” [3]. 
Although the definition should be amended to apply to a 
learning context, adding the concept of emotional reactions 
based on the idea of the fun factor presented by Raph Koster. 
In A Theory of Fun, Koster defines a game as “a system in 

which players are to complete an abstract challenge, defined 

by rules, interaction and feedback, having as output a result 

and often quantifiable to triggering an emotional reaction” 
[4]. In this sense, the theory based on the interaction with a 
digital game holds that the player learns through various 
ways: listening to instructions, reading challenges or deciding 
on issues in real time to solve a problem, which triggers their 
emotional reactions while they try to solve a situation found 
in the dynamics of the game. For example, Hung, Huang, & 
Hwang, (2014), show that a learning environment based on 
video games reduces anxiety of children in mathematics and 
improves their confidence and self-confidence in learning 
this matter.  

Also, Kim & Chang (2010) show that students who use a 
computer every day to play math games in school reduce 
significantly their aversion to mathematics compared to 
students who do not play. However, not all educational video 
games fulfill their purpose of conveying a correct 
communicability with users because of their confusing and 
poor interfaces. One example is the case of Donkey Kong Jr. 
Math, released by Nintendo in 1985, which was a failure in 
popularity and sales: “It was a horrible game and a poor 

educational tool in 1985, and it's still just as devoid of merit 

more than twenty years later. This game is too low for 

edutainment games and is one of the worst Nintendo games 

ever made!” [5]. 
With regard to the evolution of educational games, 

Egenfeldt-Nielsen’s doctoral thesis and subsequent 
publications [6, 7] identified educational game generations 
on the basis of learning theories in use (see Figure1). 

 

Figure 1. Evolution of educational video games. 

The evolution of the design has led to more sophisticated 
visual aspects, three-dimensional effects, virtual reality, etc. 
However, a good graphic development is not sufficient to 
keep the attention and interest of the player. Story lines and 

storytelling are also important factors for the success of a 
game [8]. 

As for the classification of video games, the industry, 
developers and academics use different taxonomy to 
differentiate the types of games (see Table 1). 

Table 1. Communicability evaluation questions at each interface. 

Category Description 

Action/platform 
games 

These games are reaction based; most of the games 
of the first generation are action games. 

Adventure Games 
The player solves a number of tests in order to 
progress through a virtual world. 

Fighting games 
These games involve fighting against computer-
controlled characters or controlled by other players. 

Role-playing 
games 

Human players assume the characteristics of some 
person or creature. 

Simulation 
The player has to succeed within some simplified 
recreation of a place or situation to achieve a 
particular goal. 

Sport games These games are based on sports. 

Strategy games 
These games recreate a historical or fictional 
situation to allow a player to devise an appropriate 
strategy to achieve a goal. 

3. Related Work: DGBL and 

Communicability 

3.1. DGBL 

Much debate in the scholarly literature and among the 
public has focused on the positive and negative influences of 
playing video games among adolescents. A great deal of this 
debate has focused on harmful effects such as aggressive 
behavior and pathological overuse [9]; however, evidence for 
harmful effects remains in short supply. In this context, the 
objective of DGBL is to create new ways to transmit 
knowledge through the use of ICT [10, 11, 12]. Hwang, Hung 
and Chen in [13], reported a peer assessment based game 
development approach, which was applied to an elementary 
school science course. The experimental results showed that 
the approach helped the students in improving their deep 
learning status in terms of ‘‘in-depth thinking,’’ ‘‘creativity,’’ 
and ‘‘motivation’’. Chu and Zhang presented an educational 
computer game for migratory bird identification based on a 
two-tier test approach. It was found that the proposed 
approach significantly promoted the students’ learning 
motivation, learning achievements and technology 
acceptance degree in comparison with those who learned 
with the conventional e-learning approach [].  

In the research ‘‘Embedding diagnostic mechanisms in a 
digital game for learning mathematics,’’ Hung, Huang and 
Hwang presented a mathematics game with diagnostic 
mechanisms and showed the effectiveness of the approach in 
enhancing students’ interest and reducing their anxiety in 
learning mathematics by conducting a learning activity in an 
elementary school school [14]. 

Vogel [15] , concluded from 32 empirical studies, that the 
inclusion of video games in the students’ learning process 
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results in higher cognitive achievement in comparison with 
traditional learning methods. In his work Learning to play 

games or playing games to learn? Alan Amory (2010) shows 
a health education case study with a group of teenagers in the 
urban area called Soweto of the city of Johannesburg in 
Gauteng, South Africa. He discusses the advantages of using 
educational video games with students aged 14 to 19 to teach 
about the biology of cancer, the symptoms of malaria, 
tuberculosis and HIV. Amory says: “They were proud of their 

achievements and mentioned how their different roles related 

to collaboration and competition that helped them to 

complete the game. Not only did they enjoy playing the game, 

but they felt that their experience empowered them to support 

their community” [16]. Other research related to learning 
with DGBL was carried out by Yien (2010) in Taiwan. Their 
work studied the effect of video games and their application 
in teaching primary-education children the basic concepts of 
nutrition, and obtained the following conclusions: “most of 

the students revealed quite positive attitudes toward the use 

of the game-based learning approach in nutrition education. 

An in-depth analysis showed that there was no significant 

difference between genders in terms of nutrition knowledge 

and learning attitudes” [17]. 

3.2. Communicability 

The idea that video games have a positive effect on the 
affective aspects of learning and encourages a positive 
attitude is widely supported [1]. However, diverse results 
have been obtained from video games regarding cognitive 
achievements and academic performance. Indeed, some 
games do not comply with the objectives of an adequate 
graphic interface. To fill this gap, the present research uses 
the method of communicability, which has been 
insufficiently exploited in Human Computer Interaction (HCI) 
in comparison to the topic of usability [18, 19]. According to 
[20], communicability is a theoretical field that is a response 
to the practical fusion of four theoretical fields: Perception, 
Semiology, Rhetoric of image and Syntax of image. This 
fusion leads to the understanding of the referential 
framework for the development of users’ graphic interfaces. 
The author suggests that a way to measure the effectiveness 
of the graphic components of an interface can be done 
through their interaction or their perception. In this sense, 
communicability is a fundamental aspect that should be 
considered and evaluated in the interface design because the 
effectiveness of the different iconographic and textual 
elements of interactive systems depends upon 
communicability [21]. Both communicability and usability 
can be evaluated during the development process to identify 
the problems that obstruct the user from understanding what 
needs to be done in an application. From that point, 
improvements in the Graphic User Interfaces (GUIs) and text 
can be done. This process involves developing the visual 
level of the interface, where the necessary iconic-verb 
elements establish an effective communication with the user. 

4. Development of the Video Game 

The video game is designed to support the first semester 
high school students’ about of Numerical Evaluation of 
Algebraic Expressions subject. The video game has four 
levels with ten questions in each level. One algebraic 
expression is presented in each question with a list of values. 
The user has to substitute these values in the algebraic 
expression and needs to solve mentally the operations to find 
the right answer. To advance to the next level, seven 
questions must be answered correctly. The video game has an 
initial user interface, instructions section, levels section and 
the main page of the game. The initial user interface allows 
users to restart the video game, review the instructions and 
exit the video game. Likewise, the instructions interface 
informs the user about the objectives, the rules and the way 
to interact with the video game. The levels interface allows 
users to access different levels offered by the video game. 

The page interface allows the user to move to the right and 
to the left by means of a virtual character (see Figure 2). In 
this sense, the avatar was developed with the sprites of the 
main character of the Braid video game, called Tim. Tim was 
designed by the artist David Hellman and its sprites have 
released by Hellman in his web page [22]. About our avatar 
(called Cecyboy), first, we called for a cartoon contest, and 
then with the support of a graphic tablet, the cartoon chosen 
was digitalized. The cartoon elected was inspired by the 
average complexion of the Mexican student. 

 

Figure 2. Main page of the mathematical spaceships video game. 

About of the functionality of the Cecyboy, can shoot 
spaceships displaying the possible choices by means of 
command actions. Figure 1 shows the main page of the video 
game, where the user tests his knowledge. On the top-right 
side of this interface there is a set of buttons which allows 
users to restart the current level, return to the levels interface, 
quit the video game and get help about the objectives, rules 
and how to interact with the video game. On the top central 
area of the page there is an algebraic expression, one list of 
values which the user has to substitute on the expression and 
a set of spaceships with different results. The avatar must 
shoot and destroy the spaceships with the right result. At the 
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bottom there is one bar that indicates the number of each 
exercise per level, and the number of right and wrong 
answers given by the users. 

 

Figure 3. Dialog boxes displayed at the end of the levels. 

Figure 3 shows the dialog boxes displayed by the video 
game when the user has passed a level or not. When the user 
has not passed a level, the left dialog box offers the 
possibility to restart the game, return to the levels menu or 
quit the game. On the other hand, when the user passes a 
level, the dialog box on the right displays the button to 
advance to the next level. Both dialog boxes show the total 
number of right and wrong answers obtained in the current 
level. 

5. Educational Methodology  

The way to use the Mathematical Spaceships video game 
is with a specific methodology. The methodology proposes 
the creation of a setting where the video game is developed 
specifically to cover the topics included in a lesson plan. The 
lesson plan has been carefully designed by teachers and 
educators for algebra study. We suggest using the video game 
between 10 and 15 hours per study unit in the classroom 
(three evaluations in four months). The suggested 
methodology to incorporate video games in the teaching-
learning process contains four phases (see Figure 3): 

1 Experimentation: During the first lessons, the learning 
objectives and the activities designed to reach these 
objectives are defined. There is an emphasis on the 
feedback from the class to clarify any ambiguities 
found in the video game. In this sense, we planned a 
several theory block unities specified by Table 2. 

2 Reflection: At the end of each lesson, the results 
obtained by each group are compared. The various 
study strategies used by each group are analysed. 

3 Activity: Learning activities are designed specifically 
for the video game. In this phase, the students use the 
video game. In addition, they do other comprehension 
activities such as reading book chapters and researching 
on the internet. 

4 Discussion: Throughout the process, the documents are 
designed for each group to indicate the activities 
completed in the game and to present an analysis of the 
strategies used. The documents must be filled out at the 
end of each session. Before each session, the teachers 
are provided with a list of topics to be discussed in 

groups. At the end, what was learned through the 
proposed activities is evaluated.  

 

Figure 4. Learning process supported by an educational video game. 

6. Usability Test 

The tests were carried out during the initial stage of the 
development process. The focus was qualitative. Paper 
prototypes and a think aloud protocol were used.  

6.1. Communicability Test 

In order to evaluate the communicability, the method 
developed by Góngora et al. [19], was used. Indeed, it 
provides the simplest means of methodological comparison 
with other tests that were examined. Two computer 
science/information science students in their eighth semester 
of university and a teacher were in charge of the 
communicability tests.  

The teacher was in charge of planning. One student acted 
as a facilitator while the other was responsible for taking 
notes on the information obtained during the tests (see Figure 
5). 

 

Figure 5. Communicability tests 
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Table 2. Communicability evaluation questions at each interface 

Interface Questions 

Start up 
� How would you start the game? 
� How would you access video game instructions? 
� How would you exit the video game? 

Instructions 
� What is the objective/mission of the game? 
� What are the rules of the game? 
� How should you interact with the game? 

Levels 
� How would you access the first level of the game? 
� Is the objective of the level clear? 

Main screen of 
video game 

� What does the game consist of and what do you have 
to do? 

� What function do the buttons in the circles in the 
bottom left-hand corner of the screen perform? 

� What does the boldest number in any one of the 
circles indicate? 

� Which level are you on now? 
� How would you know how many successful and 

failed attempts you have made? 

Unsuccessful 
level 

� How many successes and failures did you have on 
the first level? 

� What is the function of every button? 

Successful 
level 

� How many successes and failures did you have on 
the first level? 

� What is the function of each button? 

Unlike in the usability tests, tasks were not defined. Nor 
was a quantitative analysis performed. Questions were 
designed for every interface. The objective of the 
communicability tests was to verify that the participants 
interacted with the graphic and text components of the video 
game prototype in the manner that the designers had intended. 
When users interpreted the functions of graphic and text 
components differently than what was intended, the 
facilitator tried to identify what might have confused them. 
Participants were asked for suggestions on how to correct 
deficiencies.  

Notes were taken by a student assistant on the information 
provided by the participants during the tests. Four non-
potential users were chosen according to the approach of [23]. 
Three of the participants were female. Two were nineteen 
years old. The other was twenty. The fourth participant was a 
twenty-year-old male. Two of the women possessed basic 
knowledge of video games. The other two participants 
possessed intermediate knowledge. 

The results of the study can be found below. 

6.2. Previous Results 

The information provided was recorded as notes with the 
help of another student during testing. Table 3 lists only the 
interfaces where important problems were observed. Details 
are described here: 

Table 3. Communicability problems identified 

Interface 
Graphical/textual 

component 
Observations 

Instructions 

� Objective 
� Rules  
� How to 

interact with 
the game 

Four participants commented that 
the lack of clear instructions on these 
components did not clearly explain 
what to do and how to interact with 
the game. 

Interface 
Graphical/textual 

component 
Observations 

Main screen 
of the video 
game 

� Exit and restart 
buttons 

� List of numeric 
values of the 
algebraic 
expression 

One participant confused the exit 
button function with the delete 
function, and the restart button of the 
game with the restart button of the 
exercise when his answer was 
wrong. 

Based on the communicability problems presented by 
some graphic and text components of interfaces, users 
suggested: 

1 Add an animation of the main character during the start 
interface because it is not appealing. 

2 Increase the font size of the list of numeric values and 
algebraic expressions. 

3 Write clearer instructions for the objective, mission, 
rules and how to interact with the game. 

4 On the main screen of the game, highlight the keywords 
in red; add some text to the buttons located on the top-
right corner to reduce ambiguity about their 
functionality. 

5 Modify the text of the dialogue box shown when a user 
does not pass a level. Users said that it was abrupt and it 
discouraged them. 

7. Conclusions 

The capacity of video games to engage and challenge 
players through increasingly complex and demanding stages 
and the range of cognitive, and sociocultural practices 
generated by games and game play have led to increased 
interest in the use and study of video games in schools. 

According to the results of the verification phase, we have 
a potential video game with an interface and content of 
algebraic expressions to be used within the curriculum of the 
high school system in Oaxaca, Mexico. Players were pleased 
with the results from the interaction with the game, which 
encouraged them to give feedback about what could be 
redesigned and improved in the game. In another phase, the 
project will be validated to check whether it is an effective 
tool in a real course, comparing two groups of students. A 
first group will follow a normal or traditional course of 
Mathematics I and the second group will follow the same 
course but with the help of the set of games developed here. 

We are planning to carry out specific projects of 
educational video games to support the process of teaching 
and learning at lower education levels, mainly in 
mathematics and related areas. 

The feedback obtained from participants during the testing 
phase shows clearly that some graphic and text components, 
mainly in the instruction and main screen interfaces, do not 
communicate effectively what their creators intended.  

Working with the approach of low-cost usability methods 
is beneficial, because the financial, material and time 
resources are minimal, and the resulting feedback is 
important. In our case, planning and questionnaires were 
easily designed and results were analyzed the same day the 
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testing phase was carried out. This approach speeds up the 
learning process about graphic and text components that 
should be eliminated, adjusted or kept on interfaces. 

We are planning to design and develop video tutorials and 
more video games according to the curriculum of the Centro 
de Estudios Científicos y Tecnológicos del Estado de Oaxaca 
(CECyTEO) for Mathematics II and Trigonometry with 
Analytical Geometry. 
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