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Abstract—If properly used, the high potential of students'
digital literacy may be used to help them benefit from education. Education efficiency may lie in applying the concept
of “fun” learning that characterizes the so-called “serious
games” that promote competitiveness. This type of game can
also be used to solve or mitigate problems involving health
care, more specifically those relating to intellectual disabilities and autism spectrum disorders, within which there is
still much study to be performed. In this sense, we present
the Total Challenge, a game oriented to learning which
stimulates cognitive abilities of children, but whose potential
can be also used to monitor the progress of people with
intellectual disabilities or autism spectrum disorders.
Index Terms—Autism spectrum disorders, competitiveness,
education efficiency, “fun” learning, intellectual disabilities,
serious game.

I. INTRODUCTION
For too long, game playing was considered by some authors as a futile activity, centered only on entertainment.
However it was recognized as extremely important in
human cognitive development by other authors [1].
Among the latter, we can refer the Dutch teacher, historian and philosopher Johan Huizinga. In his book Homo
Ludens (1938), he recognizes the game as an activity
essential to life as the reasoning and the objects manufacturing but different from daily life [2]. Huizinga's view
seems to have been a premonition of what is currently
happening with video games, in which a virtual existence
is created as an extension of real life [3].
Games that have emerged to accomplish a main objective, beyond mere entertainment (including knowledge
transmission to the player) are called serious games. The
high potential of this approach has been used, among
others, for military purposes, training of top athletes, rehabilitation and education at several levels. Such games
involve challenges and use reward systems in order to
motivate the users to continue until the purpose is reached
[4-8].
Serious games can make a contribution to solve problems in different areas such as education, because in a
world where the latest technological wonder becomes
obsolete in a short time and the student has experienced
other forms of observing reality, traditional classes tend to
be unpleasant and not very motivating [9].
Students are accustomed to using social networks, such
as Facebook, which allows the creation of specific groups
for members, guaranteeing a closed communication platform for the course users, accessible at any time or place,
with specific privileges for each user. They are also famil-
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iar with collaborative online tools, for example Google
Drive or Microsoft One Drive, that allow the simultaneous
content edition, by several users, especially useful for
personal productivity in text documents, data sheets,
among others or simply the file-sharing storage tools as
Dropbox.
So, in his/her dual task of motivating and teaching, a
teacher can benefit from this huge potential of students'
digital literacy to introduce, in the classroom, technological innovations that create a ludic component that enriches
and encourages young people to teaching and learning
activities. One way to carry this entertainment component
to the learning environment can be reached with the use of
serious games in the classroom context. Students can
experiment with their ideas, converting them into a lived
experience, making their learning more solid and effective
[9].
Therefore, the potential of these technological resources
in the education area allows responding suitably to the
high standards of competitiveness.
Taking into account the characteristics of the serious
games, it is possible with their use, to transform the way
how students learn. And, differently from what happened
with other technologies used in education, right from the
beginning of their development, the potential of these
games as an educational tool did not only center in mainstream education but also was extended to the specific
case of people with intellectual disabilities or, in particular, with autism spectrum disorder, presenting them with
new ways to acquire knowledge and strengthening skills
that allow them to reduce the impact of their disabilities
[10].
Intellectual disability and autism spectrum disorder are
related to the degree to which the intellectual and adaptive
functioning of a person are below the average level that
occurs in the general population [11]. These problems
should be considered and analyzed as a set of limitations
that determine the way how the individual adapts to the
social environment and to his/her life conditions, with
his/her limitations and capabilities [12].
So, finding stimuli through fun repetition and a gradual
increase in the level of challenge, allows students with
these types of disabilities to become less dependent, taking charge of their own learning [10].
Serious games have a marked importance in the case of
people with intellectual disabilities or autism spectrum
disorder. In fact, although they tend to behave passively,
with this interactive software such students may actively
involve themselves in their learning and work at their own
rhythm [10].
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The enormous potential that serious games offer, namely the possibility of being adapted to the individual needs
and also to reproduce any situation, under the same conditions and as often as one likes, convert these technologies
in a support of excellence for people with disabilities [13].
Holders of these deficiencies have cognitive functional
limitations in terms of perception, motor skills, memory,
attention, self-regulation, language, social development,
motivation and effective mobilization of cognitive abilities
[12].
These individuals show an impaired cognitive functioning, since the acquisition of knowledge requires a personal
effort of structuring and creating new relationships. Some
studies have led to conclusions that allow to state that it is
essential to provide them with an intellectual support to
help them to structure intelligent behaviors, which appear
spontaneously in normal development. However, it is not
expected that with this support people with these types of
disability are able to achieve the impossible, this is, that
their cognitive frames will experience a full reversal.
Whatever the support, it is never a curative treatment of
these deficiencies, as they are irreversible, but a complement to the traditional tools [14].
Cognition which relates to the capabilities that allow
people to think, to perceive things, to reach, to understand
and to respond to information, permitting them to function
in their daily life, is significantly affected in the case of
individuals with intellectual disabilities. Attention,
memory, problem-solving and organization of information
ability are some of these capabilities [15].
Concerning the autism spectrum disorders, the exclusive, aggressive, or excessively emotional behaviors can
gradually be reduced with the use of serious games. These
can provide the means to increase and enrich their social
relations. They find groups, observe habits and build interpretations, becoming themselves the source of new
relations. Furthermore they develop their capacity to feel,
act, reflect and imagine, while they spread their experiences, explore the world and rise their knowledge [16].
It is known that the use of games allow people with intellectual disabilities to learn according to their rhythm
and their capabilities, and provides integration with the
world, through relationships and experiences [17].
Taking into account what has been referred above, the
goal of this paper is to present a tool developed by our
research team to set available to children attending the
first four years of school. This tool can also be used to
monitor the progress of patients with intellectual disabilities or autism spectrum disorder, with regard to memory,
decision-making time, observation capacity, learning and
application knowledge.
This paper is structured as follows: Section II presents
some examples of serious games as educational and therapeutic tools; Section III shows the developed serious game
“Total Challenge”; Section IV enunciates some final remarks about the project.

There will be a high probability of an accident if an army
uses real weapons to train their strategies. Nevertheless, as
serious games are realistic and immersive, the training of
different military tactics through these games is as productive as in real life, with the advantage that accidents cannot occur [19].
In the following we present some examples of serious
games, given the advantages arising from their use in
learning contexts.
The Oregon Trail (Fig
. 1) developed in 1971 and based on real events was one
of the highly successful games. Its original purpose was to
teach school children the realities of life of the pioneers of
the nineteenth century settlers, in Oregon Trail, a historical route between the Missouri River and the valleys of
Oregon, in the western United States of America [20].
In 1983 the game Math Blaster! was developed, recreating a rescue story in a futuristic universe, which requires
the player to learn mathematical skills [21].
Also for math skills learning, the game Number
Munchers (Fig. 2) was designed in 1986. It consists of a
grid square, with a numerical expression or word. This
grid is roamed by deadly monsters that the player must
avoid while controlling a green character (Muncher). The
goal is to consume all the squares that meet a certain criteria (multiples, factors, primes, equality, inequality), stipulated by the game mode [22].
For players to use the electromagnetism physics to load
their spaceship (a charged particle) and navigate through
the three-dimensional space to achieve a goal was developed The Supercharged! game (Fig. 3). The player needs
to know the relationship between load and distance. To
facilitate navigation towards the ultimate goal the players
have to put loads within the three-dimensional environment [23].
A game that provides several challenges to drag the periodic table of chemical compounds to a test tube is
MyQuímica. The user can get information about the selected elements as well as the compound that constitutes
the challenge. This game shows the ranking at the end of
each round and allows to go to the next challenge, even if
the player is not successful in several attempts, thus promoting students motivation [24].
In ActivChemistry game a chemistry lab (Fig. 4) is
available that is a kit that provides equipment and materials to students, such as Bunsen burners, chemicals, and a

II. SERIOUS GAMES AS EDUCATIONAL AND THERAPEUTIC
TOOLS
The students are prevented to experience certain situations in the real world by factors such as safety, cost, time,
among others, which hinders their understanding [18]. We
can find one solution to this problem using serious games
as a learning tool. An example can be a security factor.
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Figure 1. Screenshot of “The Oregon Trail”[20]
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Figure 2. Screenshot of the “Number Munchers” [22]
Figure 4. Screenshot of “ActivChemistry” [25]

Figure 3. Screenshot of “Supercharged!” [23]

wide variety of gauges and indicators. With these materials they can conduct experiments, collect data and represent them graphically, and learn new concepts, in interactive and dynamic lessons. Compared to actual equipment,
ActivChemistry presents several advantages. Security that
the game provides allowing to perform experiences without problems and avoiding dangerous situations is one of
the advantages. The cost savings avoiding the acquisition
of expensive equipment and materials is another advantage. Finally, there is the learning efficiency: students
using the game do not feel the pressure of time, usually in
the chemistry lab, and often complete tasks at a faster
rhythm [25].
The serious game Where in the world is Carmen Sandiego? (Fig. 5) is a classic in which the player plays the role
of a detective who must catch the most cunning of thieves
called Carmen Sandiego. In order to identify a place near
where Carmen is, the game is leaving clues that the player
must decipher. In general, the clues are true facts about
actual geographical locations. So, the player learns the
geographic locations deciphering these clues. It is, therefore, a game that focuses on world geography, flags, and
coins [26].
In order to decrease the difficulty to learn to program, a
serious game called Castle of Puzzles was created (Fig. 6).
This game is based on the story of a student who only
starts to study at night, for a programming test in the next
day. But he falls asleep and dreams that he is in a castle.
However, he does not lose the awareness that he needs to
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Figure 5. Screenshot of “Where in the world is Carmen Sandiego?”
[26]

get out to go to the exam. The player is confronted with
several challenges, which can be obstacles that he/she can
only overcome if he/she uses logical reasoning to solve a
problem or instances of exploitation, where he/she has to
defend and to attack. As the different conquered challenges correspond to studied subjects the player realizes he/she
is learning. In the castle there are several rooms where are
objects that the player can use, which is equivalent to
activate certain useful actions for the puzzle solution [27].
To help students with intellectual disabilities in their activities of daily life, Lanyi and Brown [13] designed and
developed ten serious games. In order to maximize their
accessibility and their use, these researchers considered to
be of extreme importance to minimize skills and capabilities necessary for the user to navigate within the game. So
they used charts for navigation, animations and sound
signal, according to the published design guidelines in
order to encourage user involvement and provide alternatives to the text.
Knowing that there are individuals with autism spectrum disorder that interact well with the new technologies
and can benefit from their use, some researchers created a
system composed of a set of serious games targeted for
first aid education: what to do in certain situations, basic
knowledge about health, medical specialties, among others. [28].

http://www.i-jac.org

PAPER
TOTAL CHALLENGE: A SERIOUS GAME FOR STIMULATING COGNITIVE ABILITIES
Also, in order to improve collaboration skills in children with an autism spectrum disorder, other scientists
developed a serious game with multi-touch interaction
[29].
III. THE DESIGN OF THE SERIOUS GAME
According to several studies the use of new technologies in education awakens the students' attention to matters that otherwise seemed boring. Thus, the authors developed the serious game Total Challenge, a dynamic
work environment that allows students to become more
involved in different activities and to understand and consolidate knowledge.
The target group of this application consists of children
attending the first four years of school or people with mild
or low moderate intellectual disabilities or spectrum autism disorder.
A. General Outline of the Game
Since our goal is to track and improve the development
of these people in terms of decision making, perception,
association, memory and other cognitive abilities, it was
necessary to build a system to monitor these developments
and then send the data for analysis.
The historical record is only possible if each user/tutor,
at home or at school, ensures that the system is connected
to a central database via Internet. In fact the game can be
played in online and offline modes (Fig. 7). In online
mode, the connection to the Internet is required but it
offers the advantage to give the player a new level of
competitiveness and consequently a superior motivation
(he/she can fight for a top spot in the online ranking) also
allowing the investigator to check the progress of the
users. For the user to register in the official game site with
his/her personal data (name, date of birth, responsible
tutor) the help of a tutor may be necessary. In order to
play, each user must enter the identification (user ID)
assigned after completing the registration as well as the
password.
The result of each player is sent to a central server
which stores all the data, at the end of each game, (Fig. 8).
This centralization has two functions: it allows the investigator to access to all data for research purposes; the other
allows the user or his/her tutor to access the results, and
therefore to analyze the evolution over time, through the
game's official website. The difficulty level is directly
related to the response time, the complexity of the contents and the number of rounds for each game level. In
order to optimize all these parameters the researchers can
change them at any time. When people are training or
when the device where the game is running does not have
Internet access, offline mode is the most suitable. It also
allows to set all parameters of the game, such as response
time, the number of rounds each level, among others.
However, in this mode and since he/she has the possibility
to know the parameter values, the player does not compete
with others for rankings, except with him/herself.
B. User Interface
The interface is simple as it was especially designed for
children and people with intellectual disabilities or spectrum autism disorder (Fig. 9). It is worth mention that the
game interfaces were written in Portuguese.
The entire game is controlled with only three buttons
(blue, yellow and red). These buttons can be attached to
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Figure 6. Screenshot of “Room of the Castle” [27]

Figure 7. Game modes

Figure 8. General outline of the application

keys or a specific command that allow carrying out actions properly identified on the screen, such as fast forward, rewind and select (Fig. 10).
To facilitate the understanding of all areas of the game
in the Total Challenge voice aids were implemented,
though they are also written in text form. These voices
have friendly and fun shades, also transmitting sometimes
motivational messages such as “Congratulations”, "For
the next time try to be more careful”, among others.
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C. Idea and Design
The game is divided into four main sections, with a
short introduction in the early part (Fig. 11). The first
section, Instructions, presents a little help for the correct
use of the game. In the second section, Ranking, are presented the results of the top 10 played, by difficulty level.
The section "Settings", allows the user to login for the
online mode and parameterize the offline mode, as well as
voice support. The section "Play" refers to the game itself,
which is divided into three challenges.
The three proposed challenges are based on interactions
with images of different categories (transport, animals,
and clothing) and test memory, decision-making time,
ability of observation, association, player perception and
other cognitive disorders (Fig. 12).
In the first challenge, are presented randomly, three images, two of them belonging to a different category of the
remaining. The player's goal is to find the intruder, that is,
the image that is outside the context of the others. In this
challenge are mainly tested the ability of perception, decision-making, association and categorization.
The second challenge tests particularly the ability of
observation and memorization of the player through three
images of different categories, randomly generated. After
a period of observation the images are shuffled and the
player has a certain amount of time to reorganize them
according to the initial order.
In the third challenge, three images of different categories (without repetition) are randomly generated and presented by means of sound and text. The player must select
the image that corresponds to this category. With this
challenge we test especially the categorization capacity
and knowledge application of the player.
The categories range from the general to the specific
knowledge depending on the difficulty level, testing the
capabilities of the players relating to the decision-making,
since there are different response times for the different
degrees of difficulty.
The higher the degree of difficulty is, the higher will be
the complexity of the presented categories. For example,
in the easy level it will only be shown general categories
such as clothing, animals, and transports; but, if the difficult level is selected, more specific categories will be
presented, such as air, land, sea transports, among others.
The difficulty level can be directly related to the required education level. Thus we consider that the player
must attend at least the 1st grade to play on the easy level,
2nd or 3rd grade in medium level and 4th grade in the
difficult level.
Within the scope of intellectual disability or autism
spectrum disorder, the difficulty level is directly related to
the degree of disability.
For each challenge a maximum response time is associated to each difficulty level. This time can be parameterized in game settings, if we are playing in offline mode;
however, in online mode, these settings are automatically
adjusted.
For each correct answer there is a fixed score of five
points that is multiplied by the remaining time by the
timer, that is, the quicker is the answer the higher is the
score.
After each challenge, the player can only advance to the
next if he/she has a minimum score equivalent to 2/3 of
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Figure 9. Game Interface

Figure 10. Controller pad

Figure 11. Main menu

the total challenge score in the worst conditions (to spend
all the response time in each round).
As an incentive when the game ends, it is displayed one
congratulatory message such as "Congratulations for your
result" or "Great, but a next time try to do better”.
The player is encouraged to play again in order to try to
get a better score if he/she cannot complete the game. If
the player is running the game in online mode, all the
results obtained by level and by round, such as response
times, numbers of correct or incorrect responses and final
result will be sent to the remote server.

http://www.i-jac.org

PAPER
TOTAL CHALLENGE: A SERIOUS GAME FOR STIMULATING COGNITIVE ABILITIES

Figure 12. Schemes of the different challenges

D. Web Portal
To support the game Total Challenge, a Web Portal was
developed. The game is not built into the Web Portal; it is
a standalone application that communicates with a database shared with the game Portal. The Web Portal plays
no direct role in running the game. It has two main functions, one being addressed to users and other to researchers. Concerning the first, the Web Portal serves to make
an interface between the user and the game and for its
dissemination and support. As regards the researchers, it
serves as a platform for managing and monitoring crucial
results for research to be undertaken.
We chose sober, simple and generalist design and interaction for the Portal interface, so that the browsing experience in the Web Portal, by the user, was fluid, without
difficulties in achieving a particular purpose.
Navigation throughout the Portal is quite simple and intuitive based on two menus: general and the user menu
(Fig. 13). The first menu, always visible to the user horizontally at the top of the Web Portal provides access to the
several general sections, such as the game description and
contacts, among others. The second only becomes visible
(also in a horizontal position below the previous one)
when the user is authenticated, giving him access to the
individual functionalities of each institution, such as to
add a player, view players, among others.
On the first page of the Web Portal we can see that it
makes a generalist approach to the game “Total Challenge”. On this page are also highlighted the main portal
potentialities and the updated news. The user's login section is also present on this page, being one of the most
important areas of the Web Portal.
In the section "Total Challenge" the user can see in detail the description, scope, characteristics, the target audience, game screenshots and other relevant information,
even before to log. He/she can also access other sections:
"Downloads", "Press", "Contacts" and "Register."
The latest versions of "Total Challenge" for the various
platforms (Windows, Macintosh and Linux) are available
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for download in the "Downloads" section. The game instructions for use are also available.
In the "Press" section we can see the most relevant media news, as well as publications in newspapers, magazines and scientific papers.
The "Contacts" section contains a contact form for users to submit their questions and suggestions for the research team.
The "Register" section is currently only available to institutions through the responsible person. In this section it
will be required information (name of institution, address,
city, postcode, telephone and email, name of the responsible person, their position in the institution and email). The
responsible must choose a username and password. When
the registration is made, an email to the responsible will
be sent in order to he/she confirm it. After this procedure,
the institution does not have yet privileges to log into the
platform. The sent information must be processed, analyzed and approved by the research team. Achieved this
approval it will be sent an email to inform that the account
has been activated. From this moment, the institution can
authenticate to the platform, to access personal area.

Figure 13. Navigation structure of the web portal

9

PAPER
TOTAL CHALLENGE: A SERIOUS GAME FOR STIMULATING COGNITIVE ABILITIES
In case the user forgets the password, the Web Portal
can perform its recovery. Once all the passwords stored in
the database are encrypted, there is theoretically no possibility of recovering. Thus, when a user forgets his/her
password, he/she can generate another one, as described
next. At first, the system requests the username or email.
If the username or email address exists in the database, it
is sent to the personal email a link to renew the password
(this step is to ensure that it is the user who requested the
password recovery). By entering the link sent to the email,
there is a regeneration of the user password, which will
also be sent to his/her email. After this process, the user
can do, again, the login in the Web Portal with his/her
username and new password generated. If the user wants
to change this password, he/she can do it in the personal
area, when he/she is authenticated.
After logging into the Web Portal, the user will observe
a new user menu with the sections described below: the
Institution's Information (Info), Add Players, View Players, Top 10, Support and Logout.
In the "Info" section, the user gets the information he
entered when the institution was registered in the Web
Portal. It is also available an option to password change,
very useful when using the password recovery application.
In the "Add Player" section, the user can add players to
the game. Information is requested as the player's name,
age, gender, type of disability (some are listed), education,
and related problems (e.g., motor, hearing or other).
In the "View Players" section (Fig. 14), the user can see
the username and the login password in the game of each
player and he/she can also change the information of any
player eliminate him/her or see the statistics and the charts
of his /her evolution. In these statistics, the user can access
the average response time at each level of game or of
difficulty, among others.
In the "Top 10" section, the user will find the ranking of
the top 10 players in the various types of disabilities, at a
certain level of difficulty. The user can also see the best
players, whether at all institutions or within his/her own
institution.
In the "Support" section, the user can take a support
ticket with a certain priority level (Normal or Urgent).
Upon receipt of the request for support, the team will
respond to this request under the rules of screening: date
of the support request and priority level. The user can see
at any time, their support requests, read the exchanged
messages, and observe the process status (open or closed).
Finally, the "Button Logout", allows the user logout of
the portal, an essential task when he/she is using a public
computer in order to prevent another user to improperly
use the platform (Fig. 15).
IV. FINAL REMARKS
The changes that teaching has been experimenting over
the years have been clearly visible, being also notable the
efforts to make learning more enjoyable and more motivating. The solution seems to lie in the use of serious
games that, in a dynamic way, combine educational contents with fun activities.
In formal education, children are subordinated to rules
imposed by adults, feeling obliged to give up what they
want. And it seems to be here the paradox of the serious
game: although it is characterized by a set of rules, children tend to regard it as an activity that stimulates compe-
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Figure 14. View Players section

Figure 15. Graphical interface of the web portal

tition, giving them the feel of a space detached of norms
and impositions, that make them to be in tune with the
adults, trying, only, to achieve their goals. Thus the conditions for a more effective learning are created, which
allows maximizing the construction of knowledge.
Since people who have been diagnosed with intellectual
disability or autism spectrum disorders have limitations at
different levels, it is necessary to provide them with personalized and appropriate support, in order to improve
their social life.
Research has shown that serious games are a good way
to provide such support, since, by using them, the person
feels free to express and explore his/her feelings, thoughts,
experiences, fears and behaviors.
Having features like competition, goals, rules, challenges, choices, and fantasy, serious games can trigger the
necessary motivation to facilitate learning and also check
the progress of people with intellectual disability or autism
spectrum disorders, in relation to memory, the time of
decision making and observation, learning and applying
knowledge skills.
It is the author’s belief that the Total Challenge may be
a successful tool in relation to the development of cognitive skills of children and the progress of people with the
reported impairments. However, there are still no statistical results, which we propose to present in future work.
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