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Abstract

Many children have special difficulties to interact with their counterparts, but use tablets and
smartphones with resourcefulness. Cards with graphic symbols are very useful to assist commu-
nication. However, the teacher who works in a classroom with forty students in Brazil does not
have time to train the special student to properly use this alternative means of communication.
Therefore, this research developed and tested an application installed on a smartphone, which
identified the communication card and verbalized its meaning, repeating this action as often as
necessary without teacher intervention. It also allows one to test the knowledge of students. The
system is based on a web application with source code developed by Google and electromagnetic
sensors fixed on the cards. The functionality test showed good performance and usability and may
be useful in the training of children with communication difficulties.
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1. Introduction

Since the development of the Global Information Network, World Wide Web, society is faced with a multitude
of terms such as cyberspace, information and communications technology (ICT), hypertext, hypermedia, multi-
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literacy, among others. They represent not only a technological breakthrough, but also a fundamentally new way
of apprehending reality. Increasingly digital, our daily life is no longer what it was forty years ago when we had
to wait for newspapers on the next day to know what happened the day before. As Rojo (2013: p. 8), states, “if
contemporary texts have changed, competences or reading skills and production of texts required to participate
in current literacy practices cannot be the same”. However, in the case of the school context, these concepts are
not always properly understood. We barely begun to understand the difference between reading acquisition and
literacy, and now there is the concept of multiliteracy, i.e., the ability of the user to read and produce texts in
different media, including digital media.

In the case of the Brazilian educational scenario, we know that the school cannot be distanced from this mul-
timedia reality. Teachers need to know and, why not say, dominate the technological resources that are increa-
singly becoming more sophisticated, so that their classes correspond to the expectations and the student needs,
regardless of the type of education or level of education.

Such considerations lead us to reflect on the relation between the use of technology and the process of multi-
literacy development in Special Education. According to the Article 58 of the Brazilian Law of Guidelines and
Bases of National Education (Brazil, 2013), Special Education is a type of education preferably offered in the
regular school system for students with disabilities, global developmental disorders, high-skill students or gifted
students.

The inclusive education policy, developed by the Ministry of Education of Brazil, has organizing guidelines
and actions of Specialized Educational Services offered to students with disabilities as primary objective of not
only substituting the regular teaching, but also complementing their formation (Dutra, 2007).

Several studies have addressed with particular interest the issue relating to Special Education. Among them, it
can be mentioned the articles by Carneiro, Dall’Acqua and Caramori (2015), and Passerino and Santarosa
(2008), which investigate teaching practices in inclusive classrooms and multi-functional resources in classrooms.

About the use of digital technologies Msila (2015) sought to explore the teachers’ opinions and found that
while many teachers have disposition and good will towards innovations in education, the Information and
Communication Technologies-ICTs may expose of their limitations in the classroom. The findings show that the
success of digital technology in the classroom depends on the competence of the teacher and on their positive at-
titudes in using ICTs.

As pointed out, the admission of a child with special needs in a regular school is a right guaranteed by law.
The school in turn must provide the effective integration of the student to life in society. However, what is ob-
served in Brazil is that many educational institutions adopt actions that do not solve the challenge of inclusion
(Moreira & Manrique, 2014). According to Mantoan (2007: p. 45):

“Most schools are still far from becoming inclusive. Generally, there are schools that develop partial inclu-
sion projects, which are not associated with basic changes in these institutions and continue to meet stu-
dents with disabilities in school semi or fully segregated spaces (special classes, special schools)”.

Indeed, the heart of the matter regarding inclusive education lies in that many education professionals (teach-
ers, managers, coordinators) forget that it is not the child who must adapt to the school, but the institution re-
ceiving the special student must go through many changes, among them the formation of teachers, their ability
to handle digital technologies and their pedagogical approach to engage students in multiple literacies.

Moreover, as often in Brazil, teacher education does not prepare teachers for an inclusive education. Conse-
quently, when they start teaching, they are unprepared to manage and individualize the attention for students
with special needs. It may also be said that although digital technologies exert on children a growing attraction
inside the school context, the effective use by teachers are still scarce (computers, laptops, tablets, smartphones,
which are part the child’s universe).

In the case of special children, the situation is not different. Although many children have difficulties to inte-
ract face to face with his interlocutors whether at home or in the classroom, they use tablets and smartphones
with agility, with great skill. Thus, why not use these technological resources in the classroom for educational
purposes?

In the classroom, the teacher and the student establish a teaching-learning relationship. For this relationship to
succeed, it is necessary that the school environment be favorable to special students (Beavis, Muspratt, & Thompson,
2015; Vogel & Amate, 2014; Meer, Didden, Sutherland, O’Reilly, & Sigafoos, 2012). Each student must receive a
personalized treatment with resources to facilitate his communication with teachers (Mello & Scanzerla, 2013).
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Several research studies were developed to help nonverbal autistic (Kanner, 1943) people communicate using
smartphones to express their feelings and needs (Zhang, 2010). Other researchers developed applications to help
students with communication difficulties with their learning inside and outside the classroom (El-Seoud, Samir,
Karkar, Ja’Am, & Karam, 2014; Silva, Prado, Scardovelli, Bochi, Campos, & Frére, 2014; Scardovelli & Frere,
2015). One application supports the creation of educational content using the android technology and built-in
speaker and camera features (Vullamparthi, Nelaturu, Mallaya, & Chandrasekhar, 2013; Castro, Bissaco, Panc-
cioni, Rodrigues, & Domingues, 2014). Other researchers (Niwa, Ishii, & Torii, 2014) developed a tool to re-
ward the autistic person showing an appropriate behavior. Others developed applications to aid communication
with the teacher (Figueroa & Ramirez, 2014).

In addition to these technological resources, cards with graphic symbols are used to assist communication.
These images share common characteristics among themselves and are designed to meet different requirements
and needs of users (Conklin & Mayer, 2011; Farias, Silva, & Cunha, 2014; Portugal, 2008). The symbolic sys-
tem called Picture Exchange Communication System (PECS) is one of the most used in the world (Travis &
Geiger, 2010). The PECS system has the following characteristics: it is simple, with a clear design for an easy
recognition; it is suitable for users of any age, and easy to be combined with other figures and photos. They are
useful for creating educational activities (Figueroa & Ramirez, 2014; Fernandes, Oliveira, Rodrigues, & Vita,
2014) and for the communication of the student with the teacher, which requires a differentiated and individua-
lized handling (El-Seoud, Samir, Karkar, Ja’Am, & Karam, 2014).

However, often the student only acquires this ability performing after many repetitions and with a great effort
by a teacher. In Brazil, teachers teach in rooms with 40 students, making it difficult to provide such a particular
attention to the student, which may even regress due to the lack of interaction (Brazil, 2008; Brazil, 2012).

We initially presented these considerations so that, from the point of view of Brazilian educational policies,
we could elucidate the scope of this work, which focuses on using new technologies to enable alternative means
of learning and communication for children with autism or intellectual disabilities.

Therefore, in this study, we developed an application installed on a smartphone that identifies the communi-
cation card and verbalizes its meaning. It also tests learning in a dynamic and interactive way, and rewards suc-
cesses through applause or points. We thus intend to help the teacher to propose tasks that the student is able to
execute without any help, to repeat the exercises until scoring and to test student’s knowledge.

The method uses a smartphone because this is a resource by which teachers, even those less familiar with
ICTS, do not feel intimidated.

2. Method

For this research, which aims to help the training of autistic students and students with intellectual difficulties in
identifying communication cards, we use an application installed on a smartphone. The application allows
choosing between PECS or cards used in school. We used PECS because they decreased problem behaviors and
increased speech in some individuals (Banda & Hart, 2010; Ganz, Heath, Rispoli, & Vollrath, 2010). And they
were developed to teach functional communication to children with limited speech (Bondy & Frost, 2001; Ma-
lone, Fant, & Tullis, 2010; Greenberg, Tomaino, & Charlop, 2012).

The program is divided into two stages. The first stage is intended for training the identification of communi-
cation cards. At this stage, students choose a card and place it next to the smartphone. The system verbalizes the
action represented in the card. The student may repeat the procedure with the same card or other cards, accord-
ing to what was planned by the teacher in relation to the difficulties of the student.

In the second phase, when the teacher considers that the learning achieved its objective, the test program is
triggered. The system vocalizes one the actions selected by the teacher. The student must choose the corres-
ponding card and place it next to the smartphone. The system emits applause sounds when the student scores or
asks to try again if it failed.

Materials

As materials, we used Near Field Communication-NFC tags and a smartphone able to read these tags. The NFC
(ISO/IEC, 2013) is the latest wireless technology. Communication occurs when this tag is a few centimeters
from the smartphone. This data transmission method is based on RFID using electromagnetic fields to enable
communication between electronic devices.

The technology uses a 13.56 MHz frequency, with a 2 MHz bandwidth, amplitude-shift keying (ASK) and
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biphasic level coding. It supports data rates of 106.212 - 424 Kbit/s. The tag has two models of communication:
passive and active. The antenna of an active reader (smartphone) generates an electromagnetic field that, by ap-
proximation, activates the passive tags. It can store up to 4 KB. Active tags have their own power supply.

For this work, we used 128-byte passive tags, enough space to store a 13-digit code with the identification of
an object and its description.

The software was developed using the MIT App Inventor 2 (MIT, 2014). This interface is an open source web ap-
plication developed by Google and maintained by the Massachusetts Institute of Technology. The interface is divided
into two parts, one conceived for the dedicated application design and another for logic operations. The program is
based on Scheme and the result is an application for the Android system. Google developed the voice system.

3. Results

We selected six PECS communication cards to put NFC tag on the upper left corner of a set of basic PECS cards
(Figure 1). The PECS figures used in this paper are extracted from the site
http://caminhosdoautismo.blogspot.com.br/2010/06/especial-pecs-sistema-de-comunicacao.html. The 6 PECS
communication cards have been tested by the system. We fixed an NFC tag in the upper left corner of each card
(Figure 2). The phone was placed in the upper compartment of an MDF box 20 x 20 x 2 cm with an internal di-
vision.
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Figure 1. Examples of PECS cards.
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We accommodated the communication cards in a MDF auxiliary box located 10 cm from the main box. It is
worth mentioning that, if we put the cards that are not being tested, at a distance of 10 cm from the card to be
identified, the system has no interference.

For the first phase test, we put one of the cards in the lower compartment of the main box. If the NFC tag
number, identified at reading, is on the phone database, the system plays an audio message describing the card.
The procedure was repeated 10 times with each card.

For the second phase test, we verified whether the system prompts the selection of each of the cards and iden-
tifies whether the chosen card matches or not what was verbalized. There were 10 right choices and 10 wrong
choices.

And Table 1 shows examples of right and wrong choices and verbalized responses.

wen)

Figure 2. Example of the card with NFC tag.

Table 1. Examples of right and wrong choices and verbalized responses.

Knowledge test
Verbalization Chosen Card Verbalization
Cuddle
Try again
Play
Congratulations
Applause
See
e Try again
Sleep
Sleep
Congratulations
Applause
Eat
Try again
Drink
Congratulations

Applause
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Each PECS card was repeated 10 times without any identification error (if only one card was selected at a
time) to test the first phase. In second phase tests, no failures were identified.
The verbalization is made with a feminine, clear voice, without noise and with a good pronunciation.

4. Conclusion

In this work, we developed a system to help students with communication difficulties to train the understanding
of communication cards. We consider works as Heimann, Nelson, Tjus, & Gillberg (1995); Dautenhahn & Bil-
lard (2002); Naha, Roy, Ahmed, Samrose, & Rahman (2011); Kagohara, Meer, Ramdoss, O’reilly, Lancioni,
Davis et al. (2013); Marcu, Tassini, Carlson, Goodwyn, Rivkin, Schaefer et al. (2013) and Desai, Chow, Mum-
ford, Hotze, & Chau (2014), who claim that some technologies can be designed for engaging children in imita-
tive interactive games.

We used a smartphone to develop the system because it is a device known by most teachers. Thus, a rejection
to technological innovation is unlikely to occur, since it does not expose the inability of teachers in relation to
digital technology. In addition, smartphones also attract the attention of children. Mintz (2013) claims that some
children with autism spectrum disorder-ASD have preferred to receive persuasive messages from mobile devic-
es. However, the literature indicates that there is a lack of published studies on the use of mobile technology for
children with ASD (Yee, 2012).

The system showed a good performance and was easy to use. However, it was not tested with children with
communication difficulties. It was also limited to requesting, identifying and verbalizing the meaning of a cho-
sen card, and identifying scores and fails aiming only to help the training in identifying communication cards.
The system is easy to be programmed, allowing other applications to reward correct answers (scores) using only
sounds of applause. However, we are already developing a game to encourage learning more.

Ramdoss, Machalicek, Mulloy, Lang, & O’reilly (2012) elaborated a systematic review about Comput-
er-based interventions-CBI to improve social and emotional skills in individuals with autism spectrum disorders.
The study suggests that the use of CBI to improve the social and emotional skills of individuals with ASD is a
promising practice. In this sense, the application that we developed may help special children to communicate
and thus to reduce their stress and anxiety.
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