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ABSTRACT

Interactive games to support cognitive training are
increasingly becoming an indispensable resource in
cognitive therapies. At the same time, technological
advances are definitely causing the appearance of new
paradigms and different styles of interaction. In this paper,
we take advantage of real physical objects and the benefits
that new technologies offer us, in order to design a new way
to interact with interactive games in cognitive therapies.
The system is based on physical objects that integrate NFC
technology and allow the final user to interact with
Distributed User Interfaces. We analyze the effects of
interacting with  smart objects in  Multi-Device
Environments developed for people with intellectual
disabilities.
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INTRODUCTION

Nowadays three per cent of the world's population has some
type of intellectual disability [29]. This disability limits
their life and the life of those around them. Recent research
on brain plasticity emphasizes that conducting a
systematized practice and repetition makes the brain
favourably modify its structure and operation, offering the
possibility to optimize the performance and cognitive
abilities [23].

Technology is a crucial tool in cognitive therapies, as it
offers an interactive way to improve, stimulate and develop
the user’s cognitive abilities [24]. People with special needs
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experience difficulty using traditional computers. For this
reason engaging and enjoyable software is necessary to
encourage them to use it. In this way videogames are
elements with a high level of motivation. They can have a
positive effect on people by helping them focus their
attention and enhance their interest in the tasks they are
performing [28].

Nowadays a number of games for people with special needs
or intellectual disability have been developed. These games
offer many advantages, nevertheless interaction based on
using mouse and keyboard and virtual reality devices can
be an obstacle for people with limitations.

This paper presents a system, called TralnAb, based on a
set of interactive games that uses Tangible and Distributed
User Interfaces to offer an amusing environment so as to
improve and stimulate cognitive capabilities of people with
special needs. The main goal is to create an amusing
scenario especially designed for people with special needs
overcoming the technological barrier between people and
technology.

Tangible User Interfaces (TUI) refers to user interfaces
which give physical form to digital information, making the
parts directly malleable and perceptible [8]. Tangible User
Interfaces are based on smart objects, and provide a natural
and easy style of interaction that proves intuitive and
motivating for non-experts in technology and people with
special needs [10, 15]

According to Niklas Elmgqvist in [6], Distributed User
Interfaces (DUI) can be defined as a user interface which
components can be distributed through one or more
dimensions. These dimensions are: input, output, platform
space and time. Although some definitions of the term have
been proposed, at present there is no formal definition.
Some approaches to a definition of this term can be found
in [20].

The rest of the paper is organized as follows: Section 2
describes some related works, introducing types of games
for intellectual disabilities and styles of interaction in the
new scenarios. In section 3 we present the system we have
developed.. Section 4 shows the experimental data obtained
after evaluating the system with real users. Finally, section
5 presents conclusions and final remarks.



RELATED WORKS

This section includes some important concepts with respect
to the proposal we present in this paper and a brief
overview of several related works to highlight the
differences with respect to the system proposed.

A video game is a software program created for
entertainment and learning purposes in general. It is based
on the interaction between one or more persons and an
electronic device that executes the game.

"Serious Games" are games that simulate real situations for
people with disabilities, such as shopping in the
supermarket. The main objective is to develop the skills that
can help them in their daily activities [16].

It is not easy to determine which game is more adequate for
intellectually disabled players. The barriers that people with
cognitive disabilities may find during the activities are
complex and varied as described in [4] and [9]. These
studies highlight that the key element in the games must be
simplicity.

On the other hand, in Virtual Reality applications using
helmets, gloves and other simulators, the user may feel
more immersed in the game, and it is very engaging and
motivating, but the problem is the high cost of devices, and
the difficulty of using certain devices. In addition, an expert
is required to control the players and devices [17, 18].

The advantages offered by computer games in general are
numerous. They enhance positive attitudes in users while
being appealing and encouraging. However these systems
present the following disadvantages:

-The user needs a minimum knowledge about computer
use. Not everybody can use a computer and some devices,
like the mouse or the keyboard are not intuitive for people
with cognitive disabilities. They need someone to help
them.

-These systems sometimes require highly specialized
hardware/software which can be expensive (simulators,
virtual reality).

- In some games, impaired users may have difficulty
finding specific information.

The rapid evolution of technology has changed the way in
which we can interact with interactive systems. New
scenarios have appeared such as Multi-Device
Environments (MDE). These scenarios implicitly support
Distributed User Interfaces. However people with
disabilities have significant limitations with new
technologies; for this reason it is necessary to provide an
intuitive and simple style of interaction so that this is not an
obstacle to use the system.

Among the existing interaction techniques in the new
scenarios next we highlight those that are more adequate for
people with cognitive limitations.

-Touching. This technique involves touching an object,
either with a finger or with a mobile device, to perform a
task. Some examples of projects using this technique can
be found in [1] [7] [21].

-Scanning. The mobile device or any other device is
capable of scanning information and interact with the
system to provide a service to the user [22].

- Approach&Remove [14]. It is a style of interaction that
allows the user to interact with distributed user interfaces
by approaching a mobile device to digitized objects.

The system we present in this paper is based on this last
style of interaction. Some of the projects that use this type
of interaction are the following: Interactive EcoPanel [19]
is a system that uses RFID technology to support interactive
panels to provide a collaborative application where users
can share their opinions and ideas about an environmental
issue just by using natural and intuitive gestures.

A map has been digitized in [14], with the aim of allowing
users to find and watch on their mobile devices some
information related to a specific area. These systems enable
users to interact with the digitalized objects, which are used
as physical interface.

The main difference with respect to our proposal is that all
of them use mobile devices to interact with objects, whether
posters, walls, or in the case of the "Touching"” technique,
touch devices. However, in our proposal not all players
need a mobile device. Just one device is required to allow
that multiple-users can interact with the system. Thanks to
digitized objects, interacting with the system is simple and
intuitive for all users. This new style of interaction helps
users overcome their fear to interact with new technologies.
In this way, people with special needs feel motivated and
self-confident when they use the system

TRAINAB SYSTEM

TralnAb (Training Intellectual Abilities) is an interactive
and collaborative set of games designed to stimulate people
with intellectual disabilities.

The system integrates a new style of interaction. The user
can interact with the system through everyday objects such
as cards, toys, coins...

The collaborative system is based on the distribution of
interfaces and device mobility; it offers the possibility to be
used individually or by multiple users.

The functionality of the system is as follows. The game
interface is projected onto the wall. Users interact with the
game through digitized tangible objects integrating NFC
tags inside. The user has to bring these objects closer to the
mobile device that incorporates an NFC reader so that the
mobile device can identify the object. For example, when
the game is waiting for the user to select a concrete object,
the user only has to bring the corresponding object closer to
the mobile device, and then the system recognizes it and



displays the outcome of the game showing whether it was
the correct one or not.

Design guidelines

The system has been designed according to some key
guidelines described next.

The game interface is executed on a computer and projected
onto a wall, what does not require the use of other
peripherals like joystick or mouse. This requisite ensures
that the game can be set in any environment, provided the
existence of the following devices, correctly configured: a
projector, the smart objects (tangibles user interfaces) and a
mobile device with NFC reader. Smart objects are the main
elements to interact with the games.

According to Brundy in [2], there is a need to engage and
involve the user in the game. To ensure this requisite, the
game sends out ludic cues, as invitations to play. This ludic
cues corresponds to animated images and sounds. Ludic
cues include verbal messages to facilitate the use of the
game and get the attention, generate enthusiasm, and
maintain the concentration of users, who are guided by the
game interfaces.

Another important requirement is avoiding frustration due
to failure [ ]. Our system shows positive and encouraging
messages when the user fails. When the user gives a right
answer, the system shows immediate reinforcement based
on encouraging messages and points, motivating the
progress toward goals and skills development.

Besides, the Distributed User Interfaces have been designed
taken into account visual impairments. In our system, the
game interface is executed on large-print displays,
alternative colours on the screen, and voice output to
compensate for some reading and attention problems.

Finally, flexibility of performance and continuous
gratification is another requirement included in the system.
The game automatically adapts to the skill of the user while
in performance. This allows a greater control over the
challenge proposed on the different skill levels of the end
users.

Distributed User Interfaces

The interface is the means by which the user interacts with
the system, therefore it is very important that they are easy
to understand, simple and intuitive. TralnAb is
implemented in a distributed user interface setting
composed of t three types of interfaces:.

-MainUl (Main User Interface). It is the main interface of
the system. It graphically displays the game information,
including animations, texts and sounds. At all times, it
shows the progress and course of the gameplay (See
Figures 3, 4, 5).

-MobileUl (Mobile User Interface). It corresponds to the
graphical interface of the mobile device that incorporates

the NFC reader. Its function is to recognise the object
chosen by the user when they bring it close to the mobile
device (approach & remove). It also shows the instructions
of the game at the beginning (See Figure 1).

-TangibleUI (Tangible User Interfaces). These are common
physical objects used as interaction resources (IR) to
interact with the game. In this case we have three different
types of objects: cards with pictures of the different games,
coins and notes (See Figure 1.b-c-d). These objects have an
NFC tag integrated inside what allows that the system can
identify them through the mobile device (See Figure 2).

(b) (c)

Figure 1. (a) Mobile device interface. (b,c,d) Tangible user
interfaces for Game 1(b), Game 2 (d) and Game 3 (c)

Interaction Style

The style of interaction of the user with the system
simulates the usual style of the user in their environment.
Therefore no prior knowledge is necessary, as using the
system is easy and intuitive (see Figure 3). The user only
has to bring the chosen object closer to the mobile device.
The actions that result from this are transparent for the user.

The game interface displayed onto the wall shows the game
executed in that moment. Depending on the game, it may
show different objects and the user will have to interact
with the system by choosing the correct object and bringing
it closer to the mobile device. From that moment all
processes are run implicitly. The game interface will
display the pictures, texts and sounds according to the final
result of the user action. In case of failure, the game will
keep the game at the same skill level and in case of success,
it will move on to the next level of difficulty.

Next we describe the interaction components and their
function in the system:

IR (Interaction Resources). The digitised physical objects.
These resources support the interaction with the system. In
this case study, we have used everyday objects such as
coins or cards to interact with the system. ID (Interaction
Devices). The interaction devices correspond to mobile
devices. They allow the communication between the
digitized objects and the system through NFC and wireless
technology.
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Figure 2. Style of Interaction. The user brings the digitized
object (Tangible User Interface) closer to the mobile device
(interaction resource) that incorporates the NFC Reader.

Games

TralnAb integrates a set of games focused on improving
abilities for the integration of the user in a city. The system
has two modules: The first one corresponds to the
Management and Administration by the therapists and the
second one corresponds to the gameplay management.

Management and Administration Module

This part is responsible for controlling the games and users’
statistics. This module has been designed to be used by the
therapist, teacher, mentor or psychologist. This person is in
charge of administering the system. This module allows the
user to choose the game they want to run, as well as to
change and save it.

Gameplay Management

The system consists of three different types of game,
each aimed at stimulating a different cognitive ability such
as memory and attention, calculation, and auditory
discrimination.

All the games have been designed with three different
levels of difficulty to adapt to the user’s skills.. If the user
fails, they lose a life and if the user wins they move on to
the next level. The feedback messages are motivating for
the user to feel encouraged to continue playing. Besides, the
system shows this feedback information in a different way
depending on the level of difficulty.

In addition, the game shows the status and game results
at any moment.

Game 1. Memory

The first game is aimed at memory training. It trains the
ability to temporarily retain in memory some information
which is later used to produce a specific result. This is a
special component of other higher order cognitive processes
and includes other cognitive skills such as attention,
concentration, mental control and reasoning.

The game presents three cards that the user has to
memorise. After a few seconds, the cards disappear and
only two of the initial three cards appear again. The goal is

that the user remembers the missing card. Then, the user
selects the correct tangible objects corresponding to the
missing card and brings it closer to the mobile device. The
result is displayed on the game interface with positive and
encouraging messages regardless of the outcome of the
game. The sequence of this gameplay is depicted in Figure
3.
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Figure 3. Game 1 Sequence. (a) Main interface of the game.
Firstly, users have to memorize the cards (b) One card
disappears (c ) Bringing the selected tangible interface closer to
the mobile device (d) Game results

Game 2: Counting Euros

This game has been designed to improve cognitive
abilities related to calculation and logic. The game shows
the price of different items such as food, clothes, drinks,
and so on. The user has to calculate the price using the
coins and notes available as tangible objects. The main
goal is to improve concentration as well as the ability to
make calculations and handle money (See Figure 4).

Euroes-cou

Figure 4. Main interface of the game designed to stimulate
calculation skills (Game 2)

Game 3. Auditory discrimination

To train hearing skills and increase the user
concentration, this game reproduces common sounds in the
city such as cars, phones, etc. and the user has to



concentrate in order to associate the sound with the
corresponding card (See Figure 5).

Figure 5. Main interface of the game designed to improve
listening skills, attention and concentration (Game 3).

System Advantages
The main advantages of the system can be summarized
as follows:

Reduction of cognitive load. The system has been
designed with simple and easily understandable graphics
and tangible objects are easily recognized.

Flexibility. It refers to the multiple ways in which the
user and the system can exchange information. The
information exchanged is displayed as text, voice, cheerful
sounds or using graphics. The goal is to adapt the system to
any user, regardless of the disability or limitation they may
have. Besides, it refers also to the flexibility in the number
of users. This is a multi-player game. It allows sharing and
exchanging experiences with other users. The situation of
each user may be complex and variable and, for this reason,
the game can also be used by only one player. Flexibility in
terms of space. Players can be moving around while
playing, the only requirement is that the mobile device is
connected to the server.

Cheap to deploy. Passive NFC tags are quite
inexpensive. Besides, only one mobile device with NFC
reader is required.

Expandable. It offers the possibility to extend the
games. The topics can be easily changed. The only
requirement is that the NFC tags must be integrated inside
the tangible objects.

Interaction with the system is simple and intuitive.
Common items are familiar and can be easily assimilated
by users, making it more predictable to use. They do not
need prior knowledge of the system or device to use it.

Cogpnitive stimulation may enhance mental abilities such
as perception, attention, reasoning, abstraction, memory,
language, orientation processes, while optimizing the users’
performance. These games can be an objective therapy for
cognitive deficit.

(((,))) Game’s Interface
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Digitized objects with NFC tag
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Figure 6. Digitized objects with NFC tags that communicate
with the game interface when users bring them closer to the
mobile device.

System Architecture

The TralnAb system is a client-server system designed as
follows. The client system runs in the mobile device. It is
connected to the server application through a wireless
network and it is communicated with objects via NFC when
the user brings the object closer to the mobile device. A tag
(or more) is integrated inside the object or card depending
on the size of the object; each tag describes a unique
identifier. When the tangible object is brought closer to the
NFC reader in the mobile device, the NFC tag inside the
object is excited by electromagnetic waves sent by the NFC
reader, and then the component controller sends the
identifier to the server. The server maps this information in
the database and executes the steps necessary to return the
information to the mobile device. The games which are
running in the PC are displayed onto the wall through the
projector (See Figure 6).

EXPERIMENTAL STUDY

This section describes an evaluation of the interactive
system performed by people with intellectual disability. The
main goals of carrying out the experimental study were:

e To test the strengths and weaknesses of the
system.

e To investigate if people’s cognitive abilities
improved and whether they enjoyed playing with
the games.

e To test the effect of new user interaction based on
tangible objects.

Participants

Twelve people with intellectual disability participated in the
evaluation (3 female and 9 male). They were recruited from
the Center for Assistance to Disabled Persons and Families
in Albacete, Spain. Participants ranged from 7 to 62 years
(mean=34,83; sd=2,86). Participants had no prior
experience with the system.



Apparatus

The hardware used in the evaluation consisted of a
Smartphone Samsung Google Nexus S, (16 GB de memory,
512 MG de RAM, processor ARM Cortex A8 1GHZ which
incorporates a NFC reader and a private wireless ad-hoc
network. A laptop (Processor Intel Core2 CPU t7500 2.20
Ghz with 2,0 GB de RAM) was used to execute the games.
It was connected to a projector that showed the game
interface onto the wall. The two devices (Smartphone and
PC) were communicated through a wireless network. The
projector was connected to the PC with a VGA wire. The
host application and device application were both
developed using C#. The server application and game
application are hosted on the same computer. The server
application received incoming connections from the mobile
device and computer.

Procedure

In order to perform the experiments, we conducted three
sessions with the same participants. The first session was
divided into three phases: pre-test, test and post-test.

The pre-test phase aimed to obtain information about
the participants' profile. In order to find out who had
previous experience with technology and stimulation
activities we asked the following questions: (1) Have you
ever played a video game? (2) How many times a week do
you play? (3) Do you like video games (4) What kind of
devices have you used to perform the games?: computer,
board games or other devices.

The second phase consisted in playing with the
interactive system "TralnAb". Firstly, we explained the
games and the new way to interact with the system. Then
we introduced them the game focused on memory skills
(games 1), the game focused on improving calculations and
logic abilities (game 2) and the game focused on improving
auditory discrimination (game 3).

In the third phase, called post-test, we distributed
Smileyometer tests and then we asked them some questions
such as: (1) Have you enjoyed playing?, (2) Would you
play again? (3) What did you like most about the game?.

While performing the tasks, a video camera was recording
the complete session, two evaluators wrote down the
playing time and the number of errors occurred, while a
psychologist was responsible for assessing the nonverbal
messages of users.

The second evaluation session was conducted a week
after the first session and the third one two weeks after the
first session. In these session, the participants played games
1, 2 and 3. The goal was to analyze whether the participants
improved their performance after using the system.

Methods
During the evaluation sessions, we followed the steps
defined in [11]. We also used the Smileyometer test that is

a method which allows the user to choose from among five
pictorial representations, ranging from awful to brilliant, to
express their opinion [13] (See Figure 7).

Another method used was Direct Observation [12]. The
purpose of this kind of evaluation is to enable designers to
better understand how the users make use of the systems in
their natural environments. Data is collected in informal
and natural ways, with the aim of causing as little
disturbance as possible to users. In order to obtain data on
the emotions and feelings about the game (playability), we
analysed nonverbal messages, gestures [5] and facial
expressions [3] shown by the participants.

Figure 7. The Smileyometer test: awful, not very good, good,
really good, brilliant

Results

The results of the first evaluation session were as
follows: 80% of the participants had played a video game
before and they often played for an average of 3.8 times a
week, and 72,3% of them liked these games. 31% of the
participants used board games compared to the 69% who
used computers. None of them had used another
technological device such as Kinect or Nintendo Wii. We
obtained the following results from non-verbal messages.
The first users’ reaction was as follows: 44,7 % of the
participants were disappointed, 21,3% were unmotivated
and only 31,5% were happy and calm. When they
interacted with the game, we found that 12,5% of the
participants were surprised by the way they interacted with
the system. The remaining 20% were still disappointed, and
they couldn’t begin to relax until they began to play and
win. While they were playing the game, 90% expressed
motivation and interest, but 10% expressed indifference to
the tasks. 11,1 % of the participants were disappointed, 7.63
% were unmotivated and 65.1 % were happy and calm.
Figure 8 shows how the participants felt while playing with
the games. The mood of the participants changed,
increasing the feeling of calm and relax. That is, the users
stated enjoying while playing, decreased fear and users who
were unmotivated while playing was just 6.2%.

100
—&— Afraid
80 - ——
60 —8&— Unmotivated
40 *
Happy and
20 A calm
—~——
0 T T Surprised
First During Last

reaction game reaction

Figure 8. Participants’' emotions while using the TralnAb
system



In the post-test phase, the following data was collected.
In response to the questions stated before, 87% of the
participants replied that they perceived the game as
innovative and exciting, as opposed to the 13% who were
not impressed. 90% would like to play again because they
had a good time and were quite entertained. What 70% of
the participant liked most was interacting with the system
through physical objects, because they were engaged and
felt curiosity and interest in the functionality of the system.

The Smileyometer test results were as follows: 7 out of
12 participant thought that the games was "Brilliant," versus
3 out of 12 participant who thought it was "Really good", 1
out of 12 thought it was "good ” and 1 out of 12 thought it
was "not very good.” None of them thought that the games
were awful.
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Figure 9. Mean time obtained from the three evaluation sessions
performed

To check if the participants had improved their
cognitive capabilities, we studied the average execution
time of certain tasks. Then, we analysed the data obtained.
The average execution time was the dependent variable of
the experiment and the independent variable was the
session (session 1, session 2, session 3). To analyse if the
independent variable influenced the dependent variable we
proposed the following hypothesis: the average execution
time of the games would be the same from one session to
the other. We repeatedly performed the procedure ANOVA
on the mean error rate data and found a significant main
effect with target width (F (9, 87) = 27.9, p <0.001).

Contrary to our hypothesis, we found that the averages
were not equal, since the time decreased in each session
(See Figure 9). Therefore, the repetition of the game affects
the performance and improved cognitive abilities such as
memory, calculations and attention.

3. CONCLUSIONS

TralnAb (Traning Intellectual Abilities) is an interactive
and collaborative set of games based on distributed and
tangible user interfaces developed with emerging
technologies such as NFC. The main objective is to
stimulate and improve cognitive abilities of people with
intellectual disabilities. In order to interact with the system
users have to bring tangible objects integrating NFC tags
inside closer to the mobile device that incorporates the NFC
reader, and then the results and other relevant information is
projected onto the wall. This style of interaction is simple
and intuitive; its purpose is to eliminate the technological
barrier for people with intellectual disabilities. In order to
evaluate the beneficial effects of the games and the new
style of interaction in the user, we have performed an
evaluation based on "Direct Observation™. The results have
been very positive. Users with Intellectual disabilities were
highly motivated and interested in the system. They found it
easy to use and enjoyed it. The evaluation was performed in
different sessions some weeks apart, in order to check
whether cognitive capabilities like memory, calculation and
attention improved after playing the game. The results were
very optimistic, each session was better than the previous
one and the users needed less time to play and concentrated
more easily.
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