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Abstract. Results of different evaluations about reading comprehension in
Mexico are not positive. Different methods and techniques have been
implemented to counteract such numbers, and the support of serious games
(video games that both entertain and educate) is one of them. Recently, video
games demand has importantly increased in Mexico, which suggests that
serious games can be successfully used by Mexican players. This paper presents
the development and usability evaluation of a serious game intended to
supporting and improving reading comprehension skills of third graders (ages
8-9 years old) from Mexico.
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1 Introduction

Reading is a process that each person does by himself/herself and it allows to examine
the content of what is being read, analyzing each part of the reading material,
stressing the essential and comparing reader’s already existing knowledge with the
one that has been just acquired [1]. In essence, acquiring the ability to read and
understand well is a basic requirement for the social and economic demands in
today’s society [2]. For [3], reading difficulties have important implications for the
emotional development of children. Reading may represent a painful process that
demands a great effort and is extremely frustrating for some children, which explains
the development of a low motivation for academic achievement, low self-esteem and
seriously compromises the prognosis of any therapeutic intervention.

1.1 Reading Comprehension

Reading comprehension is not just the mere decoding of meanings of a text, but the
construction of meanings that result from the interaction of the reader with the text
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[4]. Tt is an act that takes time and effort to develop; it is impossible to demonstrate a
lack of reading comprehension in children who have not yet learned to read with
enough precision and fluency. Therefore, researches report that children at the age of
8 and older are the ones that start suffering the lack of such activity [5].

According to [6] readers acquire the meaning of a text by using skills and
knowledge that involve different levels of complexity. This involves five processes:
(1) global comprehension, where the reader considers the text as a whole and create a
generally understand; (2) interpretation, where reader creates an idea based on the
association of two or more parts of the text; (3) location or extraction of information,
where the reader obtains specific data from the text through search, localization or
selection of relevant information; (4) construction of the meaning of an expression.
This happens when readers construct general or specific meaning that a term or
expression acquired, and; (5) analysis of the content and structure, where the reader
takes into account how the text is developed in order to reflect about its content,
quantity and form.

1.2 Serious Games

One way of supporting the development of reading and to encouraging the reading in
general is through playing video games. Some research studies show that video games
encourage the acquisition of certain cognitive skills and improve student
comprehension of learning materials presented through a video game [7].

Serious games are a genre of video games, and they are not used just for
entertainment, but also for serious human spontaneous activities [8]. In addition,
serious games use pedagogy to infuse instruction into the playing experience, and
they are by nature suited to engage the learner and encourage active construction of
meaning and development of skills.

Nowadays, serious games are receiving interest from researchers and industry
because of the reasons explained above. In Mexico, on one hand, some scholars [9-
10] have noticed this, and use serious games for different purposes. On the other
hand, video games are already part of Mexico’s daily use. In 2010, the video game
Mexican market was worth $757 million of U. S. Dollars, placing the country among
the top 15 video game markets worldwide, being the first one from Latin America
[11].

Taking into consideration all this lead us to think about the impact that video games
can have in the field of reading comprehension, as proved by several studies on how
they have been applied to education in different areas [12].

2 Problem Statement

Currently, there is a huge problem regarding reading comprehension in Mexico.
According to a report written by [13], 41% of students do not reach basic skills level
in reading comprehension. The Organization for Economic Co-operation and
Development (OECD), which includes many highly-developed countries, estimates
that Mexico would take 65 years to reach the current OECD’s average in terms of
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reading comprehension. Regarding, reading comprehension and reflection on

language in Spanish in Mexico at a national level, one in every four third graders is on
the “Under basic” level, while 56% of them is on Basic level (Figure 1).
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Fig. 1. Percentage of students by level of educational achievement and school stratum in
Spanish.

3 Method

After making a systematic literature review, we chose to work with the User Centered
Design (UCD), which is a design philosophy that involves a set of techniques that
focus on knowing end user’s needs, wants, limitations and context in each stage of the
serious game design process and development life cycle [14].

Designing serious games for children brings with it different sets of demands and
challenges, as children have different perceptions and make sense of the world around
them differently from adults. Their ideas on motivating and fun aspects of
technological systems may likely be different from what the adults can anticipate
[15].

Our research project has the following steps:

1. Specifications of the context, where we identified the end users’ main
characteristics, in this case third graders; and under what conditions the
project is going to operate.

2. Specifications of the user requirements, where we identify which skills
the users need to improve [16], see Table 1.

3. Designing the solution, where it was were we held our greatest
contribution, and that it is subdivided in the following stages: (a) video
game design: in this phase we design menus, characters, scenarios,
textures, scripts, among others; (b) development: we develop the actions
and give functionality and interaction to the video game; (c) functionality
test: in this step we make sure that there is no fatal or unexpected error
when the end users are playing our serious game.
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4. Evaluation. We conducted a usability test to make sure problems are fixed
and the serious game has a good functionality.

Table 1. Part of the obtained results on some of the problems that were part of the assessment
instrument.

Skill Activity X
Global Recognize the central message 0.04
comprehension of the text

Interpretation Recognize, in an 0.69

advertisement, to whom the
message is directed to

Locate or extract Locate specific information 0.35
information

Constructing the Identify persuasive elements in 0.35
meaning of an acommercial

expression

Analyze the content Identify a special condition 0.21

and structure

4 Designing the Solution

It is important to mention that the storyline, scripts, characters and scenarios were
based on the needs of third graders [16].

4.1 Designing Sprites

We created sprites (two-dimensional images) that represented the following roles in
our developed serious game: Main character, antagonist, secondary characters,
scenarios, main elements, and menus.

In order to develop the scenarios, we took into account the plot and script of the
game that was previously assigned to perform a design that was consistent with it. We
also created graphical elements so the third graders could see, for example, how many
coins the student has, health, time and score.

4.2 User Interfaces and Menus

User interfaces were previously prototyped with Balsamiq Mockups
(www.balsamiq.com).
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4.3 Development

In this step of the project, we gave basic functions to the characters and scenarios of
the game. For example motion has to be related with to the sprite that shows the
character when it is moving, so it was necessary to create a script in Unity
(http://unity3d.com) that should move the plane of the character through the plane of
the scenario by using the keyboard arrows, and at the same time changing the
orientation of the sprite coordinated with the plane motion as the plane of the
character.

Once motion was provided to the character, it was necessary to establish limits
within the scenario, so we implemented some features for 3D simulation games as the
use of a physics engine

To set the necessary boundaries for delimiting the traffic area with objects of this
type, we used walls with an attribute (rigidbody), so then, the character was unable to
move through them and had no access to non-permitted areas of the game (see Figure
2).

In order to develop the scenarios, we took into account the plot and script of the
game that was previously assigned to perform a design that was consistent with it. We
also created graphical elements so the kids could check, for example, how many coins
the student has, health, time and score.

Fig. 2. Scenario with barriers and traffic areas.

4.4 Evaluation

A study was conducted by third graders to measure the usability and acceptance of
our serious game.

Procedure

Phase 1: Students were given a 10 minute introduction to study the serious game.
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Phase 2: We performed a live demo showing the students the game features. The aim
of this was to put in context the use of the controls to the participants.

Phase 3: The participants were given a task list to complete on the game.

Phase 4: Participants were asked to complete a game heuristics questionnaire and a
game experience questionnaire (GEQ) with two dimensions.

Results and Discussion

Game Heuristic Questionnaire

We applied the game heuristics questionnaire to the participants with the following
items:

H1: Does the game reacts in a consistent way to the player’s actions?

H2: Could you customize the profile, music, video, and the game difficulty and
speed?

H3: Could you find a predictable and reasonable behavior of the controls?
H4: Does the game provide information about an action to take?

HS: Can the player can skip not-playable content (i.e. videos or texts) to return to the
game?

H6: Are the controls intuitive and customizables?

H7: Are the game controls consistent within the game?

HS: Does the game present information about the game status?
HO9: Does the game provide instructions, help and training?

H10: Are the status score indicators seamless, obvious, available and do not interfere
with game play

Participants found that the game controls were consistent, predictable, intuitive
with reasonable behavior and customizable (see Figure 3). Also, they believed that the
game presented quality and usable information about its status, actions to take and
provided useful instructions, help and training.
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Fig. 3. Game heuristics questionnaire.

Two heuristics got bad results: H2 and HS5. H2 is related to game customization;
the participants found few options to customize the game. It is a good area of
opportunity for improving the game usability. H5 is about skipping the not-playable
content. This game was developed to improve the child reading comprehension and
on a big part of the gameplay the user had to read several paragraphs; in order to
achieve this goal it was important not to skip these paragraphs.

Game Experience Questionnaire
The GEQ is divided into two parts: (1) four questions, where the participants had to
give a grade from 1 to 10, where 10 is the most significant, and (2) seven questions
that measured efficiency, effectiveness, immersion, motivation, emotion, fluency. It
had a 5 item Likert scale.

The first part of the GEQ included the following questions:

Q1I: Did you find the game fun?

02: Was it difficult to adapt to the game control?

03: Did you find the game exciting?

04: How easy it was to fulfill the objective of the game?

Figure 4 shows the ratings obtained on this section of the evaluation.

In this part of the GEQ, participants found the game fun and exciting, with a low

difficult to adapt with the control; but they believed that the game was slightly
difficult to fulfill its objective. The four questions got an average grade of above 9.
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Fig. 4. GEQ first dimension.

As mentioned, the second part measured seven indicators. Figure 5 shows the
results of this part. 90% of participants perceived the game as efficient, immersive
and fluent; 85% thought it was effective; the game provided motivation and emotion
to 80% of the users; and finally we found the weakness on the learning curve with a
75%, but it is still an acceptable percentage.
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Fig. 5. GEQ second part.

5 Conclusions

Taking into account the participants’ desire was always a good idea as our usability
evaluation showed good intentions of using the game for educational purposes and
thus we obtained good results on its usability. In addition, we spent great time
working with children. We even learned from them aspects about usabitily that we
have not had in mind first.
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6 Future Work

We are going to improve the serious game thanks to the participants’ feedback. After
that, we are going to evaluate the educational part of the game, which means that we
have to make sure that the game will effectively improve the reading comprehenion
skills that we mentioned before.
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