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Hay dos formas de vivir la vida -comento Einstein en una ocasion-: como si nada fuera
un milagro y como si todo lo fuera. Vivir con atencion o conciencia plena es
experimentar cualquier cosa como un milagro. Si te preguntas con curiosidad qué

queremos decir con esto es que, de alguna manera, ya lo sabes.
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Introducciéon

Las Tecnologias de la Informacion y la Comunicacion (TIC) forman parte del
quehacer diario de nuestra sociedad, adquiriendo un papel destacable en el ambito

educativo.

En este marco de proliferacion de recursos digitales, las aplicaciones moviles
(apps) juegan un papel fundamental como herramienta motivadora de apoyo al
aprendizaje. Tanto es asi que los estudios sobre el potencial de las TIC y las apps en el
ambito de la educacion Formal y No Formal han cobrado valor, ofreciendo variedad de
opciones de trabajo para todos los colectivos y edades. Por fortuna, el auge en materia
digital alcanza también a las personas con diversidad funcional y, concretamente, a
aquellas con trastorno del espectro autista (TEA), a las que se les ofrece diferentes TIC
y, concretamente apps, con contenido adaptado a sus necesidades y dificultades. Desde
diferentes ambitos de la ciencia, como el sanitario o el educativo, han sido muchos los
investigadores que han guiado su trabajo hacia la reflexion y puesta en practica de apps
en la terapia y educacion de personas con autismo, ofreciendo diferentes experiencias
alentadoras (Bondioli et al., 2018; Burton et al., 2013; Garcia et al., 2016; Sung, 2018;
Vlachou y Drigas, 2017).

El autismo es un trastorno del neurodesarrollo que conlleva dificultades en las
areas de la comunicacion, el lenguaje y la interaccion social, junto a la existencia de
patrones repetitivos y comportamientos e intereses restrictivos (American Psychiatry
Association [APA], 2022). En este sentido, tras hacer un barrido por las diferentes areas
en las cuales las personas con autismo presentan mas vulnerabilidad —comunicacion,
lenguaje, &mbito emocional, habilidades instrumentales basicas, funciones ejecutivas o
gestion del tiempo— se ha observado que las TIC, en todas sus variantes (movil, Tablet,
tableros de comunicacioén, ordenadores, etc.), consiguen resultados positivos en su
fomento y desarrollo. Diversos estudios (Castro y Mallén, 2019, Gonzélez et al., 2016;
Guzman et al., 2017; Hernandez y Sosa, 2018; Pinel et al., 2018; Silva y Rodriguez, 2018;
Terrazas et al., 2016) ponen de manifiesto las bondades que las TIC y las apps ofrecen a

este colectivo, existiendo multitud de contenido centrado en su desarrollo integral.

Las investigaciones actuales se han orientado hacia las modalidades y
posibilidades inclusivas de escolarizacion (Garcia, 2021; Rodriguez et al., 2021,) y la
preparacion de sus profesionales (Sanchez et al., 2021). Se emplaza al lector a su lectura

para una vision general de la atencion educativa en escuela inclusiva de alumnado con
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TEA, e incluso al alumnado con necesidades educativas especiales en general (Gallego y
Rodriguez, 2012; 2015; 2016; Rodriguez y Gallego, 2019). Visioén que se concreta, de
acuerdo al objetivo de esta tesis doctoral, con la implementacion de apps en la educacion
y terapia de personas con autismo, mostrandose como un uso responsable, guiado y
programado de las mismas ofrece avances significativos en todas las areas del desarrollo.
Estos estudios son enriquecedores para la investigacion actual, pero dan lugar a otras
reflexiones igualmente necesarias y no abordadas hasta el momento. ;Las apps existentes
para personas con autismo son de calidad y adecuadas a sus demandas y necesidades?,
(qué ambitos del desarrollo abordan?, ;qué dificultades encuentran en su uso los distintos
profesionales que las utilizan?, ;son usadas con frecuencia? De estos interrogantes parte

esta tesis doctoral.

Actualmente, contamos con centenares de apps para personas con autismo y con
una gran proliferacion de dispositivos digitales en las aulas y en las asociaciones que
ofrecen terapia, pero los estudios que abordan los interrogantes anteriores apenas son
tratados en la investigacion actual. Por ello, los objetivos principales de esta tesis doctoral
son evaluar las apps gratuitas para personas con autismo disponibles en Google Play Store
y analizar la opinion sobre los beneficios y aplicabilidad de las mismas por parte de los
distintos educadores que atienden a personas con autismo. Para el desarrollo de estos

objetivos, se optd por el formato de tesis por compendio de articulos.

El primer articulo presentado ofrece el disefio y validacion de un sistema de
indicadores para la evaluacion de apps para personas con TEA. Este instrumento de
evaluacion fue creado ad hoc, dada la inexistencia de instrumentos para la revision de
apps especificas centradas en autismo. El sistema de indicadores estuvo compuesto por
un total de 46 subindicadores agrupados segun tres dimensiones: disefio/forma, contenido

y aspectos pedagogicos.

El segundo presenta una evaluacion exhaustiva y profunda de 155 apps especificas
para personas con autismo y las agrupa segun su puntuacion: No Recomendables,
Recomendables y Altamente Recomendables. Finalmente, se propone un listado de 14
apps Altamente Recomendables a profesionales y familias para su empleo con personas

con autismo.

El tercer articulo muestra un analisis de apps segln las areas de trabajo que estas

abordan: Teoria de la Mente, habilidades instrumentales basicas, funciones ejecutivas,
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gestion del tiempo y, ocio y tiempo libre. Se destaca la poca presencia de apps centradas

en el ambito emocional y en la gestion y planificacion temporal.

El cuarto articulo presenta la creacion y validacién del cuestionario ad hoc
“Demandas y potencialidades de las TIC y las apps para la atencién a personas con
autismo (DPTIC-AUT-Q)”. Este cuestionario se centra en conocer la opinién de los
distintos educadores que trabajan con personas con diversidad funcional y, concretamente
autismo, acerca de los beneficios y aplicabilidad de las apps. El cuestionario DPTIC-
AUT-Q consta finalmente de 4 subescalas: Subescala 1. Opinion, formacion y usos de las
TIC por parte del profesional para atender a personas con diversidad funcional; Subescala
2. Formacion y usos de las TIC por parte del profesional para atender a las personas con
autismo; Subescala 3. Usos y beneficios de las apps en la atencion de las personas con
autismo; Subescala 4. Usos y posibilidades de las apps especificas para las personas con

autismo.

El quinto recoge las percepciones de los diversos profesionales que trabajan con
personas con autismo en dos contextos, por un lado, de la ciudad de Granada y por otro
de la de Florencia, como producto derivado de las de las dos estancias de investigacion
realizadas en Italia. Asi, se realiza una comparativa entre los beneficios, aplicabilidad y
frecuencia de uso por parte de los educadores de Granada y Florencia en el uso de apps

con personas con autismo.

Finalmente, se plasman las conclusiones derivadas de los objetivos planteados

para la realizacion de la tesis doctoral.
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Introduction

Information and Communication Technology (ICT) forms an integral part of daily

life in our society, and takes a significant role in the sphere of education.

In this framework of proliferation of digital resources, apps play a fundamental
role as a motivating support tool for learning. This is backed by the fact that studies on
the potential of ICT and apps in formal and informal education have grown in importance,
offering a variety of work options for all groups and ages. Fortunately, the increase in
digital material has also reached people with autism spectrum disorder (ASD), and
specifically people with autism, for whom different ICTs and particularly apps are now
available with content that has been adapted to their needs and difficulties. Many
researchers working in different fields, such as healthcare and education, have theorized
and tested apps in therapy and teaching with people with autism, producing different and
encouraging experiences (Bondioli et al., 2018; Burton et al., 2013; Garcia et al., 2016;
Sung, 2018; Vlachou & Drigas, 2017).

Autism is a neurodevelopment disorder that is characterized by difficulties with
social communication and social interaction, and restricted and repetitive patterns in
behaviours, interests, and activities (American Psychiatry Association [APA], 2022). In
this regard, having reviewed all the different areas in which people with autism are more
vulnerable — communication, language, emotions, basic instrumental skills, executive
functions, and time management — it has been observed that ICT, in all its variants
(smartphone, tablet, communication boards, computers, etc.), achieve positive results in
their advancement and development. Various studies (Castro & Mallon, 2019, Gonzalez
et al., 2016; Guzman et al., 2017; Hernandez & Sosa, 2018; Pinel et al., 2018; Silva &
Rodriguez, 2018; Terrazas et al., 2016) show the benefits that ICT and apps offer this

group, with a wealth of content focused on their integrated development.

Recent studies have looked at the implementation of apps in the education and
therapy of people with autism, showing how a responsible, guided and programmed usage
of them can produce significant advances in all areas of development. These studies
enrich current research, but also give rise to other equally necessary reflections that are
yet to be addressed. Are the apps currently available for people with autism of good
quality and are they suitable for their requirements and needs? Which developmental
areas do they address? What difficulties do different professionals encounter when using

them? How often are they used? These questions provide the basis for this doctoral thesis.
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There are currently hundreds of apps for people with autism, with a proliferation
of digital devices in classrooms and in the associations that offer therapy, but the studies
that address the above issues are barely dealt with in current research. For this reason, the
main objectives of this doctoral thesis are to evaluate the apps that are freely available for
people with autism on the Google Play Store, and to analyse the opinion of their benefits
and applicability held by the different educators who attend to people with autism. In
order to develop these objectives, I have chosen the format of thesis by compendium of

articles.

The first article presented gives the design and validation of a system of indicators
for the evaluation of apps for people with ASD. This evaluation instrument was an ad hoc
creation, due to the non-existence of instruments for assessing specialized apps for
autism. The system of indicators comprised a total of 46 subindicators grouped according

to three dimensions: design/form, content, and pedagogical aspects.

The second article details a thorough, in-depth evaluation of 155 specialized apps
for people with autism and groups them according to rating: Not Recommendable,
Recommendable and Highly Recommendable. Lastly, it provides a list of 14 Highly

Recommendable apps to professionals and families for their use with people with autism.

The third article provides an analysis of apps according to the areas of attention
they address: Theory of Mind, basic instrumental skills, executive functions, time
management, and leisure and free time. It highlights the lack of apps focused on the

emotions, and on time management and planning.

The fourth article presents the creation and validation of the ad hoc questionnaire,
“Demandas y potencialidades de las TIC y las apps para la atencion a people with autism
(DPTIC-AUT-Q)” (“Demands and Potentials of ICT and Apps for Assisting People with
Autism”). The purpose of this questionnaire is to discover the opinion of the different
educators who work with people with functional diversity, and specifically autism, about
the benefits and applicability of apps. The DPTIC-AUT-Q questionnaire consists of four
subscales: Subscale 1: Opinion, training and uses of ICT by professionals for teaching
people with functional diversity; Subscale 2: Training and uses of ICT by professionals
for teaching people with autism; Subscale 3: Uses and benefits of apps in assisting people

with autism; Subscale 4: Uses and possibilities of apps specialized for people with autism.
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The fifth article gathers the perceptions of the various professionals who work
with people with autism in two different locations: the city of Granada, and the city of
Florence, the latter deriving from two research visits carried out in Italy. We are therefore
able to conduct a comparison between the benefits, applicability and frequency of use by

the educators from Florence and Granada in the use of apps with people with autism.

Finally, I draw conclusions from the work on the objectives set for the doctoral

thesis.
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2.1 Las Tecnologias de la Informacion y la Comunicacion (TIC) en el

ambito de la Atencion a la Diversidad

Vivimos y convivimos en una sociedad en la que las TIC forman parte de nuestro
dia a dia, contribuyendo de manera significativa a la transformacion cultural. Segiun
Garcia-Valcarcel (2003) las TIC son “el conjunto de tecnologias (ordenadores, consolas
de videojuegos, robdtica, tabletas digitales, Smartphone, software educativo y demas),
que permiten la adquisicion, produccion, almacenamiento, tratamiento, comunicacion y
presentacion de informacion en forma de voz, imagenes, y otros” (p. 42). La sociedad
estd inmersa en una evolucion tecnoldgica que ha pasado a formar una parte importante

de la vida de las personas (Pérez et al., 2018) y de las formas de aprender y ensefiar.

El impacto progresivo que han tenido dichas tecnologias en diversos espacios de
la sociedad ha supuesto que ambitos como el educativo se enriquezcan con ellas,
ofreciendo un amplio abanico de posibilidades a docentes y discentes. La creacion de
recursos y materiales tecnoldgicos para el apoyo del aprendizaje de personas con
diversidad funcional ha proliferado en los ultimos afios, dada la motivaciéon que otorgan
y los beneficios derivados de su uso. Las TIC facilitan el acceso al mundo educativo
(Fernandez-Batanero et al., 2017) y mejoran la atencion y calidad de la ensefianza hacia
el alumnado diverso, por lo que guiar el ejercicio docente hacia practicas que incluyan
tecnologias sera crucial para lograr aprendizajes significativos para la totalidad del
alumnado, indistintamente de sus capacidades y/o dificultades (Hernandez, 2017).
Asimismo, orientar el modelo educativo actual hacia la inclusioén de las TIC en el aula
supone entender la educacion de una forma mas amplia y atractiva para el estudiantado

(Pérez-Ztiiga et al., 2018).

De esta forma, se exige al sistema educativo la obligacion de actualizarse (Lujan,
2016), desde las etapas iniciales hasta las superiores (Caurcel et al., 2020; Padilla et al.,
2018), no solo en cuanto a la inclusién de TIC en las aulas, sino en relacion con la
ensefianza de las mismas (Muntaner-Guasp et al., 2021). En este contexto, las tecnologias
no deben de verse como un aspecto aislado, sino como un medio para alcanzar fines

educativos (Garcia-Pefialvo y Ramirez, 2017).

La repercusion de las TIC para el estudiantado resulta enriquecedora y facilita el

aprendizaje (Hernandez, 2017), abriendo un mundo de posibilidades a estudiantes con
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diversidad funcional (Fernandez-Batanero et al., 2017; Istenic y Bagon, 2014; Wallace y
Georgina, 2014) y mejorando la calidad de la educacion, el desempefio docente (Amador
et al., 2015; Fernandez-Batanero et al., 2017; Martinez-Abad et al., 2015) y la inclusion
educativa (Orozco et al., 2017).

Del mismo modo que las TIC forman parte de la practica docente en las aulas
ordinarias, los estudiantes con diversidad funcional forman parte de ellas y también se
benefician del potencial que ofrecen, ya que favorecen la comunicacion (Cabero-
Almenara et al., 2016; Escobar et al., 2016; Luque y Rodriguez, 2009; Pegalajar y
Colmenero, 2014), la participacion (Toledo y Llorente, 2016), la integracion (Chuang y
Kuo, 2016) y la igualdad de oportunidades (Escobar et al., 2016; Fernandez-Batanero et
al., 2017).

El empleo de TIC en los d&mbitos de la educacion Formal y No formal se ha ido
consolidando poco a poco, contando en la actualidad con multitud de recursos digitales
en las distintas instituciones educativas. Cabe resaltar que no debe de hacerse un uso
arbitrario de las mismas. Las diferentes TIC pueden emplearse como un método de
refuerzo de lo aprendido, para afianzar conceptos, como herramienta motivadora de
trabajo o para fomentar el desarrollo de diversas habilidades, pero siempre con un analisis
previo de los objetivos que desean conseguirse y con un trabajo responsable entre familia
y escuela. De no ser asi, la finalidad pedagogica de las TIC podria centrarse solo en el

ocio y no en los aspectos formativos de las mismas.

Los estudios actuales sobre la implementacion de recursos tecnologicos en las
aulas y terapias que reciben las personas con diversidad funcional son numerosos e
interdisciplinares y manifiestan el potencial de las TIC y los beneficios derivados de su
uso. Ejemplos de ellos son las investigaciones en el ambito de la discapacidad fisica (Ilyas
et al., 2020; Rabhi et al., 2018; Sinha y Dasgupta, 2021; Zainuddin, et al., 2021), la
discapacidad intelectual (Ferndndez-Batanero et al., 2021; Mitchell et al., 2021), la
paralisis cerebral (Bertucco y Sanger, 2018; Curioso, 2021; Karlsson et al., 2018; Petroni
et al., 2018), el Sindrome de Down (Chalarca, 2018; Cubukcu et al., 2020; Nacher et al.,
2018; Porter, 2018) o los Trastornos del Neurodesarrollo (Mowling et al., 2018; Spitale
et al., 2019).

Ademas de los estudios que muestran la funcionalidad que las TIC ofrecen a las

personas con diversidad funcional (Toledo y Llorente, 2016) o a aquellas con Dificultades
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Especificas de Aprendizaje (DEA) (Trujillo-Torres et al., 2022a), son numerosos los que
se centran en reflexionar sobre la formacion digital que tienen los distintos profesionales
educativos. Los especialistas del ambito de la atencion a la diversidad tienen que contar
con conocimientos suficientes que “ayuden a salvar los problemas con los que los
alumnos discapacitados se encuentran a diario, barreras que le impiden el aprendizaje.”
(Toledo y Llorente, 2016, p. 126). Sin embargo, esta formacion en tecnologia educativa
aplicada a las personas con diversidad funcional atn no estd siendo completamente
abordada. Castillo y Salazar (2021) indican que en este nuevo escenario de aprendizaje
no tiene cabida una educacion separada de las tecnologias, ya que en la propia legislacion
educativa espafiola se menciona la competencia digital del docente (Ley Organica
3/2020). Pese a ello, no es una competencia que se esté desarrollando en su plenitud.
Desde los propios grados universitarios no se prepara lo suficiente a los futuros
educadores para desenvolverse con soltura en entornos virtuales junto a alumnado
diverso, ni a incluir de forma activa las TIC en las aulas o terapias (Arancibia, 2020;
Fernandez-Muiioz et al., 2015; Toledo y Llorente, 2016; Valliant, 2014). Si es cierto que
las instituciones educativas cuentan con numerosos recursos digitales, empero sus
profesionales no conocen su funcionamiento y aplicabilidad para la atencion de personas
con diversidad funcional. Las TIC, mas alld de ser un puente en el aprendizaje del
alumnado diverso, se erigen como herramientas capaces de salvar las barreras del dia a
dia, por lo que su relevancia no solo abarca el contexto académico, sino su desarrollo
integral. En esta aseveracion se sustenta el Disefio Universal de Aprendizaje para
alumnado con Barreras para el Aprendizaje y la Participacion (Rodriguez, 2018). Algunas
ventajas resefiables de las TIC se vinculan con el fomento de la comunicacion, la
autonomia, la adaptacion al entorno, las posibilidades laborales, el acceso a la
informacion o el desarrollo cognitivo (Ferndndez-Batanero y Montenegro, 2019).
Diversos estudios han demostrado que la mayoria de docentes en ejercicio y en formacion
poseen un nivel medio-bajo de conocimientos sobre recursos digitales y una escasa
formacion en TIC en el &mbito de la atencion a la diversidad (Cabero-Almenara y Ruiz-
Palermo, 2017; Cabero-Almenara et al., 2016a, 2016b; Fernandez-Batanero et al., 2017;
Toledo y Llorente, 2016).

La formacion inicial y continua son claves para que el profesional sepa abordar
desde diferentes perspectivas las dificultades que las personas con diversidad funcional

pueden encontrar en su aprendizaje. Dada la potencialidad de las TIC y la motivacion que
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ofrecen en el ambito de la atencion a la diversidad, resulta esencial que se trabaje en su

ensefanza y practica.

2.2 TIC y Trastorno del Espectro Autista (TEA)

El TEA es un trastorno se caracteriza por presentar “deficiencias persistentes en
la comunicacion social y en la interaccion social en diversos contextos [...] presentandose
patrones restrictivos de comportamiento, intereses o actividades” (APA, 2014, p. 50). Las
alteraciones en el neurodesarrollo afectan a las funcionen cerebrales del individuo,
produciendo diferentes niveles de afectacion (Mulas et al., 2010) y, consecuentemente,
manifestando dificultades en lo que a la interaccion social se refiere, como el d&mbito

emocional, el comunicativo o el del lenguaje.

De esta forma, APA (2022) detalla que el TEA abarca cinco tipologias de
trastornos del neurodesarrollo: Autismo, Trastorno de Asperger, Trastorno
Desintegrativo Infantil, Sindrome de Rett y Trastorno Generalizado del Desarrollo no

Especificado.

La prevalencia de personas con TEA, a nivel nacional e internacional, arroja
resultados confusos, ya que no se cuentan con estudios epidemiologicos que reflejen el
numero exacto de personas diagnosticas dadas las discrepancias en la sintomatologia de
los que la padecen. Actualmente, podria decirse que existe un incremento de diagnosticos
(Alcantud et al., 2017; March et al., 2018) debido a que, entre otros motivos, los
procedimientos son mas elaborados (Fortea et al., 2013), las investigaciones mas
numerosas y los especialistas mas variados (médicos, psicélogos, pedagogos, logopedas,
...). Asi, Fortea et al. (2013) en su revision bibliografica exponen que entre 60-70
personas de cada 10.000 presentan algin tipo de TEA; APA (2014) y March et al. (2018)
detallan que el 1% de la poblacion tendria esta condicion. Anzaldo y Cruz (2019) afirman

que afectaria a 1 de cada 160 nifios en todo el mundo.

2.3 Autismo y TIC: relevancia de las apps para la atencion de personas

con autismo

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Marco Teorico

El autismo, como se menciond anteriormente, se encuentra ubicado dentro del
TEA. En palabras de Rogel-Ortiz (2005), “el autismo es un trastorno estatico del
desarrollo neuroloégico que persiste toda la vida y que incluye un amplio margen de
alteraciones conductuales” (p. 1). Wing (1998) habla de la triada autista conformada por
sintomas vinculados a tres ambitos: lenguaje y comunicacion, &mbito social y, conducta
y pensamiento. Este trastorno se manifiesta desde la infancia, iniciandose antes de los tres
afnos (Aguilar-Velazquez et al., 2020; Lopez et al., 2009) y perdurando a lo largo de la

vida.

Desde los inicios de Kanner (1943) hasta nuestros dias, el principal objetivo de
familias, docentes y especialistas ha sido la estimulacion temprana en busca del desarrollo
integral y, la calidad de vida por y para las personas con autismo. En este sentido, las TIC
han adquirido un gran papel en el &mbito educativo (Gomez-Garcia et al., 2020; Trujillo-
Torres et al., 2020b), ofreciendo a su vez numerosas y variadas opciones de aprendizaje.
Sin ir mas lejos, las herramientas y recursos digitales disefiados exclusivamente para
personas con autismo han proliferado, ofreciendo gran variedad de oportunidades de
desarrollo en diferentes areas en las que estos presentan mayores dificultades. Por ello,
las investigaciones mas recientes centradas en el fomento de habilidades diversas
apoyadas en Smartphones, Tablets, tableros de comunicacién u ordenadores arrojan
resultados alentadores y positivos en la terapia de personas con autismo (Castro y Mallon,
2019; Hernandez y Sosa, 2018; Ledbetter-Cho et al., 2018; Pinel et al., 2018; Silva y
Rodriguez, 2018). Lozano et al. (2013a) definen las TIC para la atencion de personas
con autismo como herramientas de refuerzo versatiles, flexibles, motivadoras y

adaptables al ritmo de aprendizaje personal.

El uso de apps esté a la orden del dia, por el potencial y facilidades que se derivan
de ellas, asi como por la comodidad e inmediatez que presentan. Tanto es asi, que, en los
principales catadlogos de aplicaciones, su presencia es inmensa, encontrando apps para

multitud de necesidades, situaciones y destinatarios.

Las apps disponibles para Smartphone y Tablet alcanzan a todos los sectores de
la sociedad, no cifiéndose simplemente a su uso ludico, sino que abarcan campos como el

médico, el educativo, el social o el financiero.

Esta proliferacion de apps alcanza, sin duda, a aquellas personas con necesidades

educativas especiales y barreras para el aprendizaje y la participacion, como los menores
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y adultos con autismo. Se encuentran centenares de apps para el trabajo de las diferentes
areas del desarrollo, asi como estudios centrados en su potencial y en los beneficios que
les otorgan. Ejemplo de ello son las investigaciones con resultados alentadores derivados
del uso de apps con personas con autismo centradas en las funciones ejecutivas (Weng y
Bouck, 2014; Li et al., 2018; Yerys et al., 2019; Flynn et al., 2019; Wright et al., 2020;
Wagle et al., 2021), en las habilidades instrumentales basicas (Sweidan et al., 2019;
Teixeira y Cunha, 2019; Aguilar-Velazquez et al., 2020) o en la Teoria de la Mente (Fage
et al., 2018; Flores et al., 2012; Jiménez et al., 2017; Lozano et al., 2013b; Weisblatt et
al., 2019).

Sin embargo, su uso no esta tan extendido como se desearia. Pese a que las
intervenciones apoyadas en TIC y apps otorgan resultados alentadores en las areas en las
que las personas con autismo presentan mas dificultades, no es una practica muy frecuente

en las instituciones de ensefianza ni en las terapias psicopedagogicas.

Los estudios sobre el empleo y frecuencia de uso de apps en las instituciones de
educacion Formal y No Formal con personas con autismo son inexistentes, al igual que
lo son los vinculados a otro tipo de recursos tecnoldgicos (Eye Tracking, Realidad Virtual,
Realidad Aumentada (RA), Realidad Mixta, Robdtica, Tableros de Comunicacion
Digitales, etc.). Existen multitud de investigaciones sobre el potencial de las TIC para
personas con autismo (Abu-Amara et al., 2021; Giaconi et al., 2021; Lledo et al., 2022;
Mosher y Carreon, 2021; Ozdemir et al., 2022; Wedyan et al., 2021), pero no son tan
numerosas aquellas sobre la motivacion para usar dichos recursos, la formacion de los
educadores en materia digital o las facilidades y dificultades que encuentran los

profesionales para su empleo.

Como se ha comentado, la investigacion sobre los usos que se hacen de las apps
en los centros educativos y en las terapias psicopedagogicas por parte de especialistas
para la atencion de personas con autismo, asi como de los beneficios que se encuentran
en su empleo, son escasos. No hay suficiente informaciéon con la que contrastar

resultados, ni para el uso consciente de educadores y padres.

Lo mismo ocurre con los estudios centrados en la evaluacion de apps. Es
frecuente encontrar investigaciones que versan sobre los beneficios del empleo de apps
especificas para personas con autismo (Sweidan et al., 2019; Smith et al., 2020; Aguilar-

Velazquez et al., 2020; Vyshedskiy et al., 2020), pero no sobre si las apps utilizadas son
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de una calidad aceptable o si atienden realmente a las necesidades y caracteristicas del
usuario con autismo. Esta nueva linea de investigacion centrada en la evaluacion de apps
es muy reciente y no cuenta con suficiente analisis, profundizacion y recorrido. En este
sentido, algunos autores, como Choez (2018), realizan una revision y analisis de apps
para nifios con autismo, destacando que en 2017 habia mas de 1300 apps, pero no existian
investigaciones que evaluaran si eran adecuadas o no. Entre las apps que analiza se
destaca la calidad de José Aprende o EmoPLAY. Diaz (2018) evalia apps para personas
con autismo, resaltando la inexistencia de categorizaciones de acuerdo al tipo de
discapacidad o a la calidad de la app, concluyendo que tan solo el 37,68% presentan una
calidad aceptable y que estas se centran principalmente en el desarrollo de las
competencias sociales. Algunas de las apps que destacan por su calidad son José Aprende
o El Viaje de Elisa. Larco et al. (2018) revisan y evaltan 65 apps para personas con
autismo e indican que el 38% presentan una calidad aceptable. Estas se centran
mayormente en el desarrollo del entorno social y la autonomia y, en menor medida, en la
competencia lingliistica y comunicativa. Entre ellas, se encuentran Pictoagenda o
Pictotraductor. Ramoén (2019) evalua apps de realidad aumentada, advirtiendo de la
escasez de apps destinadas a este ambito. Finalmente, ofrece un listado de apps para
personas con autismo, entre las que se encuentran #Soyvisual, Proyecto Emociones o José
Aprende. Capel (2021) analiza y evalta 50 apps para el desarrollo de la comunicacion
para el alumnado con autismo, indicando que 8 presentan una calidad excelente y 17 una
puntuacion adecuada. Finalmente, entre las apps recomendadas se encuentran #Soyvisual,
Symbotalk - AAC Talker, MITA, Pictoagenda, Pictotraductor y CommBoards. Gallardo-
Montes et al. (2021a 'y 2021b) evaluan 155 apps para personas con autismo, de las cuales
tan solo 14 alcanzan puntuaciones notablemente superiores al resto. Las apps se centran
principalmente en el fomento de funciones ejecutivas, habilidades instrumentales basicas,
comunicacion y lenguaje, dejando un bajo porcentaje al desarrollo emocional y la gestion
del tiempo. Entre ellas, se encuentran #Soyvisual, MITA, Symbotalk - AAC Talker,

CommBoards, Smile and Learn, LEA o Proyecto Emociones.

Dada la escasez de estudios concretos centrados en la evaluacion de apps,
indistintamente del sistema operativo en el que se centren, surge esta investigacion, con
el fin de profundizar en las apps disefiadas de manera concreta para personas con autismo

y en la aplicabilidad que los distintos profesionales encuentran para su empleo.
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Justificacion y objetivos

Los estudios actuales sobre el potencial de las apps para la atencion de personas
con autismo estan en auge, dada la gran oferta digital existente y los beneficios que
ofrecen. En este contexto, nace esta tesis doctoral, con el fin tltimo de indagar de forma
exhaustiva las apps disefiadas de manera especifica para personas con autismo y su

empleo por parte de profesionales pertenecientes a la educacion Formal y No Formal.

Si bien es cierto que el uso de dispositivos electronicos causa reticencias en
algunas ocasiones debido a un mal uso (Sevillano, 2020), a la falta de conocimientos
sobre sus funcionalidades o a comportamientos adictivos (Ahmed et al., 2021; Effendy et
al., 2021; Li et al., 2021; Nasser et al., 2020), los estudios empiricos revisados en los
capitulos anteriores manifiestan que, realizando un uso responsable, coordinado y
programado, se facilita el desarrollo de multitud de habilidades en déficit y se potencia el

aprendizaje en personas con autismo.

Si se realiza una bliisqueda en internet acerca del autismo se cuentan por cientos
las webs y apps que presentan herramientas de trabajo actualizadas para padres y
profesionales, pero... ;qué se ofrece a las personas con autismo? Al buscar realmente qué
se ofrece a este colectivo, aparecen multitud de enlaces relacionados y aplicaciones, sin
poder distinguir, a priori, en qué se diferencian o cuéles son mejores. La propuesta de esta
tesis doctoral gira en torno a las incognitas planteadas con anterioridad y cuyas hip6tesis

de investigacion se proponen a continuacion.

Las hipotesis de trabajo de las que parte la investigacion se han formulado en forma
de interrogantes, en funcioén del conocimiento previo sobre cada una de las cuestiones
objeto de investigacion. Por ello, se pretende dar respuesta a algunas de las siguientes

preguntas:

(Hay apps gratuitas y especificas para personas con autismo? ;Tienen buena

calidad?

- (En qué areas del desarrollo se centran las apps que se ofrecen en Google Play
Store de manera gratuita para personas con Autismo? ;Para qué edad estan
destinadas?

- ¢Los profesionales y especialistas en autismo hacen uso de las apps para atender

a personas con este trastorno?

- (Con qué finalidad se utilizan las apps? ;Qué beneficios encuentran en su uso?
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Una vez planteado el problema de investigacion, cabe destacar por qué se ha
centrado esta investigacion en el catdlogo de aplicaciones Google Play Store
para dispositivos Android y no se ha ampliado a otros (iOS). El motivo de ello reside en
que, en los centros educativos de Andalucia, la propia Junta de Andalucia ha
concedido una Tablet con sistema operativo Android a cada estudiante perteneciente a
aulas especificas TEA. Por esta razon, la muestra de apps se ha cefiido a Google Play
Store, ya que las apps empleadas por los distintos profesionales en las aulas y/o terapias,

principalmente serian descargadas para estos dispositivos.

En base a este problema de investigacion, los objetivos principales que se derivan
son: evaluar las apps gratuitas para personas con autismo disponibles en Google Play
Store y analizar la opinién sobre los beneficios y aplicabilidad de las mismas por parte de
los distintos educadores que atienden a personas con autismo. Partiendo de este objetivo

general, se plantean los siguientes objetivos especificos:

1. Disefiar y validar un instrumento de evaluacion de apps para personas con

autismo.

2. Evaluar las apps gratuitas de Google Play Store especificas para personas con

autismo.

3. Determinar qué apps son mejores que otras segun su calidad y conocer en qué

areas del desarrollo se centran.

5. Disefar y validar un cuestionario para conocer la funcionalidad y aplicabilidad

que encuentran los profesionales en autismo en las apps.

6. Indagar en la frecuencia de uso de las apps por parte de los distintos profesionales

y los motivos que los llevan a su empleo.
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Objetivo: Las tecnologlas de la informacién y la comunicacién (TIC) aportan a las personas
con trastorno del espectro autista (TEA) un abanico de posibilidades de desarrollo. A su vez, son
numerosas las aplicaciones (apps) destinadas a personas menores con autismo, por lo que esta
propuesta pretende ofrecer un listado de indicadores validados que analicen las fortalezas y
debilidades de dichas apps. Metodologfa: El anélisis exhaustivo de estudios previos ha permitido
la creacién de este instrumento, en relacién con el disefio de la app, su contenido y sus aspectos
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pedagdgicos. A través de un estudio instrumental de validez de contenido, se procedié a validar
el sistema de Indicadores (segun su claridad, coherencia, relevancia y objetividad), para lo cual se
aplicé el método del juicio experto. Resultados: Un total de 12 jueces han puntuado entre buenos
y excelentes cada uno de los indicadores y subindicadores disefiados, con unos coeficientes de
correlacién intraclases excelsos, una concordancia inter-jueces W de Kendall significativa y fuerte, y
unos niveles de consistencia interna elevados. Se constaté que se trata de un instrumento valido y
fiable. Discusién: Los resultados positivos derivados de |a validacién del instrumento han dado lugar
a un sistema de indicadores compuesto por criterios deseables para una app destinada a personas
con este trastorno. Especialistas en TEA y familiares van a contar con una herramienta intuitiva para la
seleccién de apps adecuada a las necesidades del colectivo, que abarca distintos pardmetros.

Palabras claves: Aplicacién informatica; educacién especial; indicadores educativos; instrumento de
medida; tecnologia educacional; TIC; trastorno del espectro autista.

Abstract

Objective: Information and communication technologies (ICT) provide people with autism spectrum
disorder (ASD) with a wide range of possibilities for development. At the same time, there are numerous
applications (apps) aimed at children with autism; so, this proposal aims to offer a list of validated
indicators that analyze the strengths and weaknesses of these apps. Methodology: The exhaustive
analysis of previous studies has allowed the creation of this instrument in relation to the design of
the app, its content, and its pedagogical aspects. According to its clarity, coherence, relevance, and
objectivity, the system of indicators was validated through an instrumental study of content validity,
applying the method of expert and judges’ judgment. Results: A total of 12 judges scored each of
the designed indicators and sub-Indicators as good to excellent, with excellent Intraclass Correlation
coefficients, significant and strong Kendall's W inter-judge agreement, and high levels of internal
consistency. It was found to be a valid and reliable instrument. Discussion: The positive results derived
from the validation of the instrument have resulted in a system of indicators composed of desirable
criteria for an app for people with ASD. ASD specialists and family members will have an Intuitive tool
for the selection of apps adapted to the needs of this group, covering different parameters.

Keywords: Autism spectrum disorder; computer applications; educational indicators; educational
technology; ICT; measuring instrument; special education.

Resumo

Objetivo: As Tecnologias de Informagao e Comunicagdo (TIC) proporcionam as pessoas com Desordem
do Espectro do Autismo (DEA) uma gama de possiblilidades de desenvolvimento. Por sua vez, existem
numerosas aplicagdes (apps) destinadas a crian¢as com autismo, pelo que esta proposta visaforneceruma
lista de indicadores validados que analisam os pontos fortes e fracos destas aplicagdes. Metodologia: A
andlise exaustiva de estudos anteriores pemnitiu a criacdo deste instrumento, em relagdo a concepcdo
da aplicagdo, ao seu contetido e aos seus aspectos pedagdégicos. Através de um estudo instrumental da
validade do contetido, procedemos 3 validagao do sistema de indicadores (de acordo com a sua clareza,
coeréncla, relevancia e objetividade), aplicando o método de julgamento de peritos e julzes. Resultados:
Um total de 12 julzes pontuaram entre bom e excelente cada um dos indicadores e subindicadores
concebidos, com excelentes coeficientes de correlacdo intraclasse, uma concordancia significativa e forte
entre julzes W de Kendall, e altos niveis de consisténcia interna. Foi considerado como um instrumento
vdlido e fidvel. Discussdo: os resultados positivos derivados da validagdo do instrumento resultaram
num sistema de indicadores composto de critérios desejdvels para uma aplicacao a pessoas com esta
desordem. Os especialistas em DEA e membros da familia terdo um instrumento intuitivo para aselecao
de aplicagbes adaptadas as necessidades coletivas, abrangendo diferentes parametros.
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Palavras-chave: Aplicacdo informéticas; educagdo especial; desordem do espectro autista;
indicadores educacionais; instrumento de medicao; tecnologia educacional; TIC.

Introduccion

Resultan sorprendentes los avances desarrollados en el campo de la educacién en
consonancia con las tecnologias de informaciény la comunicacién, situandonos en un momento
en el que el acceso a diversidad de materiales educativos estd a solo un click. El ambito de
la educacién especial y, en concreto, el del trastorno del espectro autista (TEA), cuenta con
profesionales que ofrecen plataformas de consultay desarrollan materiales online para familias,
especialistas en TEA y personas con este trastorno.

Las TIC constituyen una herramienta mas manipulativa, auditiva y visual (Gonzélez Cintado
et al, 2016; Rodriguez Fuentes, 2017), adaptada a sus necesidades y que ofrece multiples
ventajas a la hora del trabajo con personas con TEA. Parsons et al. (2006) y Terrazas Acedo et al.
(2016) coinciden en que ayudan al desarrollo y promocién de habilidades sociales. Pero no solo
desarrollan aspectos vinculados al ambito social y emocional, sino que aumentan la motivaciéon
hacia este tipo de tareas (Lozano Martinez et al., 2014). Guzman et al. (2017) sefalan que “el uso
de tecnologias para mejorary estimular, particularmente, la comunicacién de los nifios con TEA
ha aumentado en los ultimos tiempos de manera exponencial” (p. 248), y abre un mundo de
posibilidades para poderdesarrollar otras habilidades en déficits como la atencién, anticipacién,
funciones ejecutivas, memoria de trabajo, secuencias de acciones, organizacién de eventos, etc.

En relaciéon con el uso de aplicaciones moéviles y sus beneficios para personas con
TEA, Flores et al. (2012) demuestran que, a través de aplicaciones destinadas al aumento de
la comunicacién, se potencian los comportamientos vinculados a esta misma, motivando la
intencién comunicativa. Igualmente, Jiménez Lozano et al. (2017) obtienen resultados positivos
empleando aplicaciones cuya finalidad era el uso de sistemas aumentativos de comunicacién,
fomentando la comunicacién y promoviendo el desarrollo de la expresién. A su vez, en este
estudio se reflejan experiencias (Bellini y Akullian, 2007; Cafiero, 2005; Mirenda, 2001; Mirenda
et al., 2000) que ofrecian resultados beneficiosos, en de la idea de que el formato visual que
ofrecen los dispositivos méviles estimula la socializacién y comunicacién de la nifez con TEA.

Las TIC, hoy, ya no resultan un recurso tan novedoso como afnos atras, pero su uso
continuado precisa de una revision constante, para plantear adecuadamente qué es lo que se va
a trabajar con ellas y qué se quiere conseguir. Asi, como sefalan Campos Jiménez et al. (2014),
internet es una excelente herramienta a la hora de encontrar material educativo, pero sise realiza
una busqueda acerca del autismo se cuentan por cientos las webs y aplicaciones (apps) que
presentan herramientas actualizadas para padres y profesionales. Ahora bien... jqué se ofrece
a las personas con TEA? Al realizar esa blisqueda aparecen multitud de aplicaciones, muchas
mas que para otros colectivos como sindrome de Down o paralisis cerebral (Larco et al,, 2015),
sin poder distinguir, a priori, en qué se diferencian o cuales son mejores. Las familias al ofrecer
a las personas con TEA el dispositivo mévil suelen hacerlo confiando en que determinadas
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aplicaciones, al estar creadas especialmente para este colectivo, van a cumplir con el fin esperado,
pero no siempre es asi. Haciendo un barrido en Google Play Store, utilizando como palabra clave
“autismo’, se encuentran alrededor de 230 aplicaciones -busqueda realizada el 17/07/2018-, pero
profundizando un poco mas se observa que muchas de estas no tienen relaciéon directa con
el autismo. Dado el auge tanto en cantidad como en diversidad, asumida la funcionalidad del
medio digital a través de aplicaciones, pero detectada la inespecificidad de gran nimero de ellas,
se pretende establecer unos criterios que determinen por qué una es mejor que otra y cual de
ellas emplear para asi facilitar su selecciéon por parte de familiares y profesionales.

Son varios los estudios que han trabajado sobre este tema, con la finalidad de establecer
parametros de evaluacién de aplicaciones o plataformas web. Belloch Orti (2006) plantea una
serie de criterios de calidad para evaluar aplicaciones multimedia, entre los que destacan los
estéticos, pedagdgicos yfuncionales;indica, a su vez, aspectos econémicosy técnicos. Asimismo,
Araujo et al. (2007) proponen “criterios de evaluacién ... [de] aplicaciones multimedia en
entornos de educacién y formacién a distancia” (p. 3), que plasman la necesidad de evaluarlas
partiendo de tres analisis previos: descriptivo, atendiendo a aspectos técnicos, disefio, objetivos
y contenidos; pedagdgico, indagando las actividades, materiales o evaluacién; y diddctico,
desarrollando parametros ligados a operaciones cognitivas, creatividad o motivacion. Por su
parte, Larco et al. (2015) evaltan aplicaciones educativas para ptblico usuario con discapacidad
intelectual, incluyendo algunas para personas con autismo, donde los elementos valorados se
relacionan con la funcionalidad, estética, informacién ofrecida, calidad...

Eneltrabajo de Garcia-Rodriguez y Gémez-Diaz(2015) se plantean unaseriede indicadores
con los que evaluar las aplicaciones destinadas a la lectura infantil, ya que como destacan en
su trabajo, “la cantidad y variedad de aplicaciones es grande” (p. 2). A su vez, también afirman
que, pese a la diversidad de estudios previos sobre aplicaciones, pocos son los que profundizan
en evaluarlas. Las autoras ofrecen una plantilla que recoge aspectos fundamentales a evaluar
respecto a las dimensiones formay contenido.

Con esta investigacion se pretende ofrecer un sistema de indicadores de calidad para
evaluar aplicaciones para dispositivos moéviles destinadas a publico usuario con TEA. La
idea principal es que familias y profesionales cuenten con una herramienta desarrollada en
profundidad con la que determinar qué aplicaciones son las mas adecuadas en funcién del area
que quiera trabajarse: comunicacién,emociones, gestion del tiempo, habilidades instrumentales
basicas —~desarrollo del lenguaje, matematicas, aprendizaje de las letras.. .-, funciones ejecutivas
—organizacién, memoria, atencién...- y ocio.

Metodologia para evaluar las aplicaciones para personas con TEA

Los aspectos que se evallian se encuentran en consonancia con criterios deseables
para una aplicacién destinada a este colectivo, por lo que los indicadores, y sus consecuentes
explicaciones, son rigurosos y analizados desde un punto de vista psicopedagégico. La
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utilizacién de un sistema de indicadores es un recurso Util para evaluar de manera tangible
productos o servicios ofrecidos. El desarrollo de los indicadores que se presentan ha sido
elaborado partiendo de los trabajos previos de Araujo et al. (2007), Belloch Orti (2006) y Garcia-
Rodriguez y Gémez-Diaz (2015).

El sistema de indicadores desarrollado plantea tres dimensiones para valorar: disefo/
forma, contenido y pedagogia. Inicialmente se consideré incluir los indicadores “precio de la
app”y “sistema operativo’, pero ambos fueron excluidos ya que la idea es la de ofrecer esta
herramienta como medio Util para analizar aplicaciones y, cabe destacar que, en los centros
educativos se conceden Tablets con sistema operativo Android con aplicaciones gratuitas, por
lo que estos elementos no serian relevantes en este analisis.

A continuacién, se presenta cada una de las dimensiones con sus indicadores
correspondientes para evaluar aplicaciones en dispositivo mévil o Tablet. El valor concedido
a cada indicador, en caso de que la aplicaciéon presente dicho criterio, sera de 1. También se
incluye un apartado de “observaciones’, para cuando sea preciso completar cualitativamente
una valoracion.

A. Dimension de diseno/forma (D1): cuando se pretende evaluar una aplicacién suele
atenderse primero a la presentacion de sus aspectos formales, a cémo ha sido disenada y
conforme con qué criterios se ha desarrollado. Los indicadores planteados son:

A.1 Disponibilidad: “utilizamos el término disponibilidad para determinar la facilidad
de acceso a la propia aplicacién” (Garcia-Rodriguez y Gémez-Diaz, 2015, p. 3).

A.1.1 ldiomas: se valorara que la aplicacién presente varios idiomas. En caso
afirmativo, se indicaran cuales.

A.1.2 Actualizacién: este subindicador se relaciona con lo actualizada que se
encuentra la aplicacion. Se ha considerado que una aplicacién esta actualizada
cuando la tltima actualizacién no supere los tres anos.

A.1.3 Icono identificable: resulta relevante que una aplicacién cuente con un icono
que la identifique con el contenido y sea reconocible por el usuario.

A.2 Ergonomia: se refiere a los aspectos vinculados a la visualizacién de la aplicacién,
enrelacion con el color, el tipo y el tamano de la letra y la claridad del contenido.

A.2.1 Legibilidad: se relaciona con la legibilidad de los textos en las diferentes pantallas
de la aplicacion. Basicamente, si el tipo de letra y el tamano facilitan la lectura.

A.2.2 Claridad: |a claridad de la pantalla es esencial para visualizar correctamente el
contenido. El fondo y las letras deben contener colores que faciliten la lectura.

A.2.3 Uso del color: los colores deben estar en armonia con la plataforma, con tonos
uniformes que atraigan la atencion del sujeto usuario, pero sin distraerlo de
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la tarea. La tonalidad adecuada dependera de la sensibilidad de la persona
usuaria, pero, por lo general, especialistas se decantan por colores fuertes.

A.2.4 Personalizacién: las aplicaciones pueden presentar la opcién de cambiar su
aspecto y adaptarlo a las necesidades del usuario. Se evaluara, si permite
modificaciones en los aspectos formales del texto (color, tamafio y tipo de
letra) o del audio (eliminacién de la musica o el idioma del narrador).

A.3 Usabilidad: segun la Organizacién Internacional para la Estandarizacién (1SO
250000, 2018) la usabilidad se refiere a la capacidad del producto software para
ser entendido, aprendido, usado y resultar atractivo para el usuario, cuando se usa
en determinadas condiciones (ISO/IEC 25010). La usabilidad depende no solo del
producto sino también del sujeto usuario, y seguin Nielsen (2000) el disefio debe
esforzarse por mostrar las actividades de la forma mas clara posible y sin actividades
que den lugar a confusion.

A.3.1 Velocidad: se relaciona con el tiempo que emplea la aplicaciéon en abrirse. Lo
ideal es una apertura instantanea, o como maximo de unos 5 segundos.

A.3.2 Navegacién: la navegacion tiene que ser tarea facil, apreciandose iconos que
hagan de la aplicacion, un espacio donde se produzca aprendizaje de manera
clara, rapida e intuitiva, sin pausas innecesarias ni errores.

A.4 Popularidad: Garcia-Rodriguez y Gémez-Diaz (2015) hacen alusién a la popularidad
que otorga a la aplicacion el nUmero de descargas que esta tenga. De esta forma
consideran:

A.4.1 Puntuacion del publico usuario: hace referencia a las valoraciones que hacen los
usuarios en las webs de descarga. Usualmente, se valora conunaescalade 1a5.
Se valorara de manera positiva que la puntuacion en Google Play Store sea >4.

A.4.2 Numero de descargas: uno de los mejores indicadores de la popularidad y, por
tanto, también de la calidad es el nimero de descargas. El dato de descargas
esta presente en Google Play Store segun los siguientes criterios: Gris de 1 a
5.000 descargas; Azul de 10.000 a 50.000; Verde de 100.000 a 500.000; y Naranja
1.000.000 0 mas. Se valorara positivamente que tenga mas de 50.000 descargas.

A.4.3 Premios o reconocimientos recibidos: se valorara que la aplicacién posea algun
premio o reconocimientoyse describira cudlesenelapartado de“observaciones”.

A.5 Accesibilidad: segin Gil Gonzalez (2013, p. 9) “una aplicacién es accesible cuando
cualquier usuario, independientemente de su diversidad funcional, puede utilizarla
en su dispositivo moévil satisfactoriamente con su sistema de acceso habitual” Las
personas con diversidad funcional presentan un amplio abanico de necesidades,
derivadas del nivel de afectacién que presenten, asi, una aplicacién sera accesible,
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si cubre “todas las necesidades que un usuario pueda requerir” (Aguado Delgado y
Estrada Martinez, 2017, p. 11).

A.5.1 Acceso a la aplicacion por puablico usuario con TEA: este subindicador indica
si la aplicacién atiende a las caracteristicas del publico usuario con TEA y le
posibilita su acceso.

A.5.2 Utilizacién sin conexién a internet: uso de la aplicacién sin conexion a internet.
B. Dimension de contenido (D2): se pretenden valorar varios aspectos:

B.1 Calidad del audio: el audio debe ser apropiado para la poblacién destinataria
(Araujo et al,, 2007); hace referencia a la musica, voz y sonidos.

B.1.1 Sonidos: se evaluaran positivamentelas aplicaciones con sonidos de buena calidad.
B.1.2 Musica: las aplicaciones que incluyan musica seran valoradas positivamente.

B.1.3 Narracién: la voz que relate como proceder en cada actividad debe tener una
entonacién adecuada durante todo el trascurso del audio.

B.2 Calidad de la narracion: la narracién debe ser adecuada y entendida sin dificultad.

B.2.1 Modulacién de la voz: los cambios en el tono, volumen, ritmo, pronunciacién y
velocidad deben ser acordes a las actividades planteadas.

B.2.2 Claridad: la voz debe de ser comprensible y perceptible por el usuario.

B.2.3 Entonacién neutral: la voz narradora debe de expresar adecuadamente los tonos
exclamativos, interrogativos o enunciativos.

B.3 Contenidos: este indicador se destina a la comprobacién de que el contenido se
adapte a las necesidades de las personas con TEA.

B.3.1 Variedad de temas: la variedad en los temas, tareas, actividades y juegos
disponibles supone un aspecto deseable en una aplicacién.

B.3.2 Organizacién de los contenidos:la distribucién de los contenidos es fundamental
para que el usuario pueda acceder de forma adecuada.

B.3.3 Diferentes niveles: es deseable que las aplicaciones incluyan distintos niveles de
ejecucion en funcién de dificultad o la edad de la persona con TEA.

B.4 Notificaciones:laaplicacion puede enviar notificaciones,aunqueno se esté utilizando
es ese momento, las cuales apareceran en la barra de notificaciones del dispositivo
movil o por via e-mail. Se valorara positivamente que la aplicacion las incluya.

B.5 Ayudasy tutoriales:los apartados de ayuda (como texto escrito o en audio) son titiles
para entender las actividades, por lo que es conveniente que la aplicacién los incluya.
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B.6 Seguridad: desde el aio 2001 existe un cédigo europeo de autorregulacion
para productos de software interactivo (videojuegos, juegos de ordenador,
articulos de educacion, ...) que tiene como objetivo “informar de forma objetiva
y responsable a padres, educadores y al publico en general, sobre el contenido

..Y...laedad para la que se consideran adecuados” (Pérez Alonso-Geta, 2008, p.
37). El sistema PEGI (Pan European Game Information System) “es el mecanismo
de autorregulacién disenado por la industria para dotar a sus productos de
informacién orientativa sobre la edad adecuada para su consumo” (Asociacién
Espafola de Videojuegos, 2015, parr. 1). De esta manera, se facilita la eleccién
de productos ajustados a la etapa evolutiva del ptblico usuario, restringiendo
la interaccion de infantes con contenidos inadecuados. Las aplicaciones para
personas menores con TEA cuentan con este sistema para clasificar el contenido.
Asi, en el indicador seguridad se incluye:

B.6.1 Proteccién de datos: todas las aplicaciones, y mucho mas las destinadas a
personas menores, deben garantizar la protecciéon de “datos de manera que
personas o sistemas no autorizados no puedan leerlos o modificarlos” (Costilla
Quirozy dela Cruz Berrospi, 2016, p. 30). Se valorara si la aplicacion cuenta con
mecanismos que garanticen la confidencialidad y la privacidad.

B.6.2 Permisos que solicita al instalar la aplicacion: las aplicaciones solicitan “acceso
a las funciones de teléfonos inteligentes y tabletas, tales como ubicacién y
libreta de contactos” (We live security, 2015, parr. 1), aspectos que no deberian
ser concedidos y que pueden considerarse innecesarios. Este subindicador
vislumbra si la aplicacién solicita permisos excesivos en relacién con su uso.

B.6.3 Control parental en la propia aplicacién: es recomendable la existencia de un
sistema de control parental en la propia aplicacién, se valorara su presencia
respecto al acceso a internet o a los ajustes.

B.6.4 Bloqueo de compras integradas: existen aplicaciones que incluyen compras para
avanzardenivel o para accedera material complementario. Sevalora positivamente
que presente algun tipo de bloqueo de compras en la propia aplicacion.

C. Dimension pedagdgica (D3): este apartado se centra en las posibilidades que ofrecen
las actividades propuestas en la aplicacion para personas usuarias con TEA:

C.1 Interactividad: la interactividad segin Garcla-Rodriguez y Gémez-Diaz (2015)
“permite al lector actuar y participar como un personaje mas de la historia y tomar
decisionesen el proceso de lectura. Por ello es conveniente comprobarsi la aplicaciéon

.. incluye animacioén e interactividad, si esta equilibrada, si es excesiva” (p. 11).
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C.1.1 Permite anadir imdgenes o pictogramas personalizados: se valorard
positivamente que la aplicacién incluya la opcién de anadir pictogramas
propios o imagenes que representen rutinas en casa o colegio para favorecer
el aprendizaje significativo.

C.2 Adecuaciona losritmos y aprendizajes: Belloch Orti (2006) plantea la importancia
de adaptar las aplicaciones a las caracteristicas del sujeto usuario, proponiendo
ritmos de aprendizaje flexibles, y adaptando la interface al uso de diferentes cédigos
de comunicacioén (visual o auditivo). Para poder medir este apartado se valorara:

C.2.1 Contenido apropiado para los sujetos usuarios: el contenido tiene que ser
apropiado para la edad y relacionado con la finalidad de la aplicacién.

C.2.2 Tiempo de realizacion suficiente: es importante que se respeten los tiempos en los
que el sujeto usuario esta resolviendo un juego de asociacion o interpretando una
locucién o cuento. La aplicacién no deberia de establecer un tiempo de resolucién.

C.2.3 Diferentes codigos de comunicacion: resulta atractivo para la persona con TEA
que las situaciones mostradas propongan diferentes cédigos, como el auditivo
o el visual, para poder interpretar mejor lo que la aplicacion pretende ensenar.

C.3 Seguimiento/evaluacion: Belloch Orti (2006) resalta la utilidad de que la aplicaciéon
ofrezca un seguimiento y evaluacion de las actividades realizadas. De esta forma:

C.3.1 Se hace un seguimiento del progreso: se valorara si posee un sistema de
seguimiento que permita una evaluacion formativa del aprendizaje realizado.

(C.3.2 Se evaluan las actividades realizadas: se valorar si posee un sistema de
evaluacion de las actividades.

Para finalizar, se precisa una interpretacién de lo obtenido; en este sentido, hay que
establecer qué puntuacién sera la 6ptima, de forma que se especifique cuadles serian las
aplicaciones adecuadas. El instrumento consta de un total de 14 indicadores, subdivididos en 46
subindicadores, de tal manera que la puntuacién de la dimensién diseio/forma oscilara entre
0y 22 puntos; la de contenido entre 0 y 18 puntos; la pedagdgica entre 0 y 6 puntos; y la total
entre 0y 46 puntos. Asi, tomando como referencia los tres niveles de aplicaciones establecidos
por Garcia-Rodriguez y Gémez-Diaz (2015) y dado que la puntuacién total maxima sera 46
puntos, la interpretacion y valoracién de las aplicaciones seguiran los siguientes parametros:

1. Altamente recomendables: puntuacion = 37 (entre 80% y 100% de indicadores).
2. Recomendables: puntuacién entre 23 y 36 (entre el 50% y 79% de indicadores).

3. Prescindibles: puntuacién < 22 (menos del 49% de los indicadores).
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Una vez concluida la explicacién de cada uno de los indicadores desarrollados, es preciso
mostrar la hoja de registro que hara operativa la evaluacién (Ver Figura 1).

Figura 1: Sistema de indicadores de evaluacién de aplicaciones destinadas a personas usuarias con TEA

Nombre:
Edad a la que se destina: I Fecha de evaluacién:
Ambito/s que trabaja/desarrolla {comunicacién, emociones, gestién del tiempo...):
Dimensién de disefio/forma
Indicador Subindicador No (0) | Si(1) | Observaciones
Idiomas
Disponibilidad Actualizacion
Icono identificable
Legibilidad
Claridad
Ergonomia Uso del color
Personalizacién Cambios en el texto
Cambios en el audio
Velocidad Apertura rapida
Ausencia tiempos muertos
Navegacién Sencilla e intuitiva
Répida
Usabilidad Funcionamiento correcto
Botones identificables
Botones de tamano correcto
Botones bien ubicados
Acceso al mend desde todas las pantallas
Puntuacién de los sujetos usuarios
Popularidad Namero de descargas
Premios/Reconocimientos
Acceso a la aplicacién por personas usuarias con TEA
Accesibilidad
Utilizacién sin conexién a internet
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Dimensién de contenido

Sonidos
Calidad del audio Musica

Narraciones

Modulacién de la voz
Calidad de la narracién | Claridad

Entonacién neutral

Variedad de temas

Organizacién de los Distribucién
Contenidos contenidos

Visualizacién

Distintos niveles
Notificaciones Envio de notificaciones

Formato escrito
Ayudas y tutoriales

Audio

Protecciéon de datos

Permisos de instalacién necesarios
Seguridad Control parental enla | Acceso a internet

propia aplicacién

Ajustes del contenido
Bloqueo de compras integradas
Dimensién pedagégica

Interactividad Permite anadir imagenes o pictogramas personalizados

Contenido apropiado para las personas usuarias
Adecuaci6n a los ritmos Tiempo de realzacién suficiente
y aprendizajes

Diferentes cédigos de comunicacién
Seguimiento/ Se hace un seguimiento del progreso
Evaluacion Se evaltan las actividades realizadas

PUNTUACION TOTAL:
Nota: Elaboracién propia.
Carmen del Pilar Gallardo-Montes, Marla Jestis Caurcel-Cara y Antonio Rodriguez-Fuentes 11

Y] Los artiasos de b Revista Electrinkca Educare def Centro de Imvestijackén y Docencia en Educaciin de la Universidad Nackonal, Costa Ria, se comparten bajo téminos de b Lienda
fI Creative Commons: Reconociméento, No Comercial, Sin Obea Derhiacta 3.0 Costa Rca. Las awiozacknes adkloralesa las agui dedmiadas s2 pusden cbtener en el comect edixareguna.cr

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 51



Articulo 1 - Agrupacion de articulos cientificos

Revista Electrénica Educare (Educare Electronic Joumal) | EISSN: 1409-4258 Vol. 25 (3) SETIEMBRE-DICIEMBRE, 2021: 1-24

http://doi.org/10.15359/ree.25-3.18
http://wwwunaac.cr/feducare

educare@una.ac.cr

Aplicacion del método del juicio experto para la validacion del sistema de indicadores

Se realizd un estudio instrumental de validez de contenido. Esta metodologia de
investigacion consiste en el desarrollo de pruebas y aparatos, incluyendo tanto el disefio o
adaptacién como el anélisis de las propiedades psicométricas de estos mismos (Montero y
Leén, 2007).

Para la validacién del sistema de indicadores, se utilizé el método basado en juicio
expertos y jueces, ya que como sefalan Escobar-Pérez y Cuervo-Martinez (2008) es un método
de validacién util para verificar la confiabilidad de un instrumento de evaluacién y, como
estrategia de evaluacion, presenta una serie de ventajas (Cabero Almenara y Llorente Cejudo,
2013) entre las que se encuentra “la posibilidad de obtener informacién pormenorizada sobre el
tema sometido a estudio”(p. 14) y la calidad de las respuestas de los jueces y personas expertas.

Este puede hacerse de manera individual, grupal o a través del método Delphi. El método
utilizado fue el método individual, en el que la informacién pertenece a una persona experta en su
campo. A cada individuo, se le pide dar una estimacion directa de los elementos delinstrumento.
Esto permite al equipo experto expresar su juicio de manera objetiva, sin intercambiar
opiniones y puntos de vista (Cabero Almenara y Llorente Cejudo, 2013), no suponiendo esto
una limitacién, ya que evita los sesgos ocasionados por conflictos interpersonales o presiones
entre las personas expertas (Corral, 2009).

Para la realizaciéon del juicio experto se prepararon las instrucciones y médulos; se
seleccionaron los sujetos expertos y se les instruy6 posibilitando la discusiéon de los indicadores
a través de la explicacion detallada del contexto, asi como brinddndoles toda la informacion
relevante sobre el uso que tendria el sistema de indicadores. Finalmente, el acuerdo entre el
grupo se midié calculando la consistencia de sus respuestas (Skjong y Wentworht, 2001 citados
en Escobar-Pérez y Cuervo-Martinez, 2008).

Sobre la determinacién del nimero de sujetos expertos necesarios para la validez no
hay un acuerdo unanime; Escobar-Pérez y Cuervo-Martinez (2008) afirman que “el nimero
... que se debe emplear en un juicio depende del nivel de experiencia y de la diversidad del
conocimiento” (p. 29). Asi, se seleccionaron 12 personas expertas mediante un muestreo no
probabilistico por conveniencia, seguin los criterios de seleccion de Skjong y Wentworht (2001),
que son experiencia en la realizacién de juicios y toma de decisiones basada en evidencia o
experticia (grados, investigaciones, publicaciones, posicion, experiencia y premios entre otros),
reputaciéon en la comunidad, disponibilidad y motivacion para participar, imparcialidad y
cualidades inherentes como confianza en si y adaptabilidad.

Del total de las personas expertas, cuatro eran docentes de la Facultad de Ciencias de la
Educacion de la Universidad de Granada (tres hombres y una mujer). Se les contacté via correo
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electrénico institucional, donde se les adjunté una carta formal de invitacién para participar en
la investigacion, que fue descrita perfiladamente. Se les ofreci6, junto al plazo de entrega, los
datos institucionales de todos los sujetos implicados en la investigacion, para entrar en contacto,
en caso necesario. El criterio seguido para su inclusién fue su amplia formacién académica
y cientifica en las areas de conocimiento de atencién a la diversidad en educacién primaria,
atencion a la diversidad en el aula de infantil, educacién inclusiva, didactica y pedagogia
especial, atencion psicoeducativa a personas con necesidades educativas especiales y atencion
educativa a las necesidades especiales. Su edad variaba entre los 36 y los 45 anos (M= 39,75
(DT= 3,77), la totalidad con doctorado y con un rango de experiencia profesional entre los 10y
los 19 afos (M= 15,2, DT=4,11).

Dado que el sistema de indicadores quiere facilitar la seleccién de aplicaciones por
parte de docentes y familiares, estos grupos también fueron sometidos a la opinién y
juicios de especialistas que trabajaban con personas con TEA. Asi, participaron un grupo
de cuatro especialistas (un hombre y tres mujeres), con un rango de edad de 39 a 44 anos
(M= 41,75; DT= 2,50), con una experiencia entre los 4,5 afhos y los 23 (M= 13,12; DT= 7,85),
y cuya formacioén inicial era diplomado en Maestro Especialidad Educacién Especial (75%)
y Psicologia (25%). Estos sujetos expertos suponian una representacién variopinta muy
interesante de especialistas que pueden trabajar con las personas con TEA, pues se conté con
una especialista que trabajaba con nifos y nifas en un aula de autismo en un centro publico
de educacioén infantil y primaria, otro que trabajaba en un centro de educacién especial, otro
que lo hacia en un equipo de orientacién educativa (con lo que tiene a su cargo varios centros
educativos), y otro que dirigia una unidad de dia con taller ocupacional para personas adultas
con diversidad funcional.

Y, por ultimo, también se ha contado con cuatro personas expertas (tres hombres y una mujer)
en el campo de la informatica, las TIC y las aplicaciones. Tenian una media de edad de 34 afos (DT=
6,48), con un rango que va desde los 27 a los 42 afnos, el 75% tenia como formacién un ciclo formativo
de grado superior relacionado con los sistemas informaticos, el disefio grafico o la automatizaciény
el 25% cursé ingenieria industrial de electricidad, y contaban con una experiencia profesional media
de 12 anos (DT=6,78) con un rango de 5 a 20 afnos en el sector privado.

Las personas expertas recibieron informacién previa sobre los objetivos del estudio.
Tras la aceptacion de la participacién en el proceso de validacion, se les envié via email el
sistema de indicadores acompanado de una carta de presentaciéon con las instrucciones a
seguir. El enfoque seguido en el juicio experto fue cuantitativo y cualitativo para la evaluacion
del sistema de indicadores. Para la evaluacién cuantitativa, debian validar los indicadores y
subindicadores en base a los criterios de: claridad (“Esta formulado con lenguaje apropiado
y comprensible. Se comprende facilmente”), coherencia (“Es adecuado para el objetivo del
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estudio. Tiene relacién légica con la dimensién o indicador que esta midiendo”), relevancia
(“Grado de importancia para la dimensién. Es esencial o importante y, por tanto, debe ser
incluido”) y objetividad (“Permite medir hechos observables”), con una escala de 1 a 4, donde:
1=deficiente, 2=aceptable, 3=bueno y 4=excelente. Para la evaluacién cualitativa, podian
efectuar sugerencias de mejora y comentarios en extenso, asi como proponer la eliminacién
de indicadores o subindicadores.

Para cada uno de los indicadores y subindicadores, se calculé la media y desviacién
tipica como medida central de la tendencia de respuesta del grupo experto. Para la primera
dimension, sobre el disefio y la forma de la aplicacién (Tabla 1) se identifican en su totalidad
altas puntuaciones. Como puede observarse, la media mas alta (M= 4.00) para el criterio
de claridad se obtuvo en la propia dimensién y en los subindicadores Navegacién lli:
Funcionamiento correcto, Navegacién VlI: Acceso al menu desde todas las pantallas y Utilizacion
sin conexion a internet y la mas baja para el subindicador Icono identificable (M= 3,58). Estos
resultados mostraban que los indicadores y subindicadores de la primera dimensién se
comprendian con facilidad y estaban formulados con lenguaje apropiado y comprensible.
Respecto a la coherencia, de nuevo la media mas alta (M = 4,00) se obtuvo para la propia
dimension y para el subindicador Navegacion lll: Funcionamiento correcto, y la mas baja para
el subindicador Personalizacién I: Cambios en el texto (M = 3,50). De nuevo, estos valores
resultaron satisfactorios pues revelaban que los indicadores y subindicadores disenados para
la primera dimension eran adecuados para el objeto de estudio y tenian una relacion légica
con la dimensidén que estaban midiendo. Atendiendo a la relevancia, se encontré que la
dimensionen siera considerada esencial por el equipo experto (M=4,00),asicomo elindicador
de la accesibilidad y los subindicadores de los idiomas, el icono identificable y la navegacién
I: sencilla e intuitiva (M= 4,00). En cambio, el subindicador numero de descargas (M= 3,22) fue
considerado como el menos importante. Estos resultados sefialaban que los indicadores
y subindicadores seleccionados para esta primera dimensién fueron los adecuados. Y, por
ultimo, respecto a la objetividad, encontramos que el grupo de jueces consideré que se
trataba de una dimensién objetiva (M= 4,00), y, ademas, los subindicadores que puntian mas
alto a la hora de medir hechos observables fueron el acceso a la app por usuarios con TEA, la
utilizacién sin conexién a internet, la navegacion I: sencilla e intuitiva y la navegacién VII: acceso
al menu desde todas las pantallas; siendo el subindicador que puntué mas bajo el velocidad II:
ausencia de tiempos muertos (M = 4,33). En este sentido, el subindicador velocidad I: apertura
rdpida obtiene una media de 4,41; pues el grupo experto del ambito informatico resalté que
tenia que ver con el terminal utilizado para abrir la aplicacién, porlo que recomendaba indicar
el tipo de equipo con el que se ha realizado el anélisis de la aplicacién.
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Tabla 1: Media y desviacion tipica de las valoraciones dadas por los grupos expertos para la dimensién de diseio y forma de la aplicacion

Claridad Coherencda Relevancla Objetividad
Indicadores
M DT M DT M DT M DT
1. Dimensién de disefio y forma 400 00 400 ,00 400 00 400 00
1.1 Disponibilidad 375 A5 350 52 358 51 383 57
1.1.1  Idiomas 392 28 367 49 400 00 38 57
112 Actualizacién 383 238 38 38 375 45 358 79
1.1.3  Icono identificable 358 51 383 38 400 00 391 28
1.2 Ergonomfa 333 65 358 66 358 51 383 38
121  Legibilidad 383 57 383 38 38 38 38 57
122 Claridad 383 57 375 62 392 28 38 57
123 Usodel color 367 A9 367 65 367 65 38 ]38
124 Personalizacién I: Cambios en el texto 367 49 350 67 367 A9 383 38
125 Personalizacién Il: Cambios en el audio 375 A5 358 66 375 45 383 38
1.3 Usabilidad 302 28 392 )28 392 28 391 28
13.1  Velocidad : Apertura répida 375 A5 375 45 342 90 341 79
132 Veloddad Il: Ausencia de tiempos muertos 367 65 383 38 367 49 333 77
133 Navegacion I: Sencilla e intuitiva 392 28 375 45 400 00 400 00
13.4 Navegacion ll: Rapida 383 38 367 49 367 49 383 38
135 Navegacion lll: Funcionamiento correcto 400 00 400 00 392 28 391 28
13.6  Navegacién IV: Botones identificables 375 A5 392 28 392 28 391 28
1.3.7 NavegacioénV: Botones de tamano correcto 375 A5 383 38 375 62 358 66
13.8  NavegaciénVl: Botones bien ubicados 392 28 383 38 367 49 358 66
1.3.9 Navegacion Vi Acceso al menu desde todas las pantallas 400 00 375 45 350 79 400 00
1.4 Popularidad 383 238 367 49 367 49 350 79
1.4.1  Puntuacién de los sujetos usuarios 302 28 350 (79 350 67 341 90
142  Namero de descargas 392 28 375 45 325 96 341 90
143 Premios/Reconocimientos 375 A5 375 45 366 65 383 38
1.5 Accesibilidad 383 57 392 28 400 00 391 28
15.1  Acceso a la aplicacién por personas usuarias conTEA 375 @86 383 57 38 57 400 00
152 Utilizacién sin conexién a intemet 400 00 392 28 375 A5 400 00
Nota: Elaboracién propia.
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En cuanto aladimensién de contenido, el grupo experto otorgé altas puntuaciones (entre
bueno y excelente) a todos los indicadores y subindicadores seleccionados (Tabla 2). El 52%
obtuvo una media de 4, lo que indicaba una claridad excelente; el subindicador entonacién
neutral fue el que puntué mas bajo, con una media de 3,75. El 44% de los indicadores y
subindicadores presenté una coherencia excelente, con una media de 4; volviendo a ser de
nuevo el subindicador entonacién neutral el que puntué mas bajo (M = 3,50). El 36% de los
indicadores y subindicadores alcanzé los 4 puntos respecto a su relevancia, el 56% entre 3,92 y
3,75 puntos, el subindicador considerado como menos relevante fue la entonacién neutral (M
=3,67). El 32% de los indicadores y subindicadores presentaban, segtin jueces, una objetividad
excelente, el 52% entre 3,92 y 3,75; donde los subindicadores que puntuaron mas bajo fueron
la entonacién neutral y organizacion contenidos I: distribucién. De las valoraciones puede
desprenderse que el item en conjunto peor valorado de la segunda dimensién es la entonacién
neutral, no obstante, sus puntuaciones son elevadas, por lo que no se consideré necesario
eliminarlo ni reformularlo.

Tabla 2: Media y desviacién tipica de las valoraciones dadas por los grupos expertos para la dimensién de
contenido de la aplicacién

Claridad Coherencdla  Relevancla Objetividad

Indicadores
M DT M DT M DT M DT
2. Dimensién de contenido 400 00 400 00 400 00 400 00
2.1 Calidad del audio 400 00 400 00 392 28 400 00
2.1.1 Sonidos 383 238 38 238 383 38 38 38
212 Mdsica 383 38 383 38 38 38 400 00
213 Narraciones 383 38 383 38 400 00 392 28
2.2 Calidad de la narracién 400 00 400 00 400 00 392 28
221 Modulacién de la voz 400 00 400 00 38 38 375 AS
222 Claridad 400 ,00 400 00 400 00 392 28
223  Entonacién neutral 375 45 350 52 367 A9 350 52
23 Contenidos 400 00 400 00 400 00 400 00
23.1 Variedad de temas 400 00 38 38 38 238 375 62
232  Organizacién contenidos I: Distribucién 383 238 38 238 38 38 350 67
233 Organizacién contenidos Ik Visualizacion 383 38 383 38 38 38 375 A5
234 Distintos niveles 383 38 392 28 383 38 392 28
continta
16 | Carmen del Pilar Gallardo-Montes, Maria Jests Caurcel-Caray Antonio Rodriguez-Fuentes

Los artiakos de la Revista Bectrinkca Educare del Centm de Imvestigackin y Docencia en Educacidn de fa Universidad Maconal, Costa Rica, se comparten bajo témines de b Licencta @ G
Creative Commans: Reconodimiento, No Comendal, Sin Obra Dervada 3.0 Costa Rika Las dicknales 2 ks aqui delimitadas se pueden obteneren o corpe: edux O\

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Articulo 1 - Agrupacion de articulos cientificos

Revista Electrénica Educare (Educare Electronic Journal) | EISSN: 1409-4258 Vol. 25(3) SETIEMBRE-DICIEMBRE, 2021: 1-24

http://doi.org/10.15359/ree.25-3.18
http:/fwww.una.ac.crfeducare

educare@una.ac.cr

Claridad Coherencla  Relevanda  Objetividad
M DT M DT M oT M DT
2.4 Notificaciones 383 38 367 49 375 45 358 51

Indicadores

24.1 Envio de notificaciones 383 38 367 49 375 A5 367 A0
2.5 Ayudas y tutoriales 400 ,00 392 28 400 00 392 28
25.1 Formato escrito 383 38 400 00 392 28 302 28
252 Audio 383 38 400 00 383 38 367 49
2.6 Sequridad 400 ,00 400 00 392 28 400 00
26.1 Proteccién de datos 400 00 400 00 400 00 392 28
262 Permisos de instalacién necesarios 400 ,00 400 00 392 28 400 ,00

263 Control parental propia aplicacién k: Accesoainternet 400 00 392 28 400 00 392 28
264 Control parental propia aplicacion l: Ajustesdecontenido 400 00 3902 28 400 00 400 ,00

265 Bloqueo de compras integradas 301 ,28 383 38 383 238 400 ,00

Nota: Elaboracién propia.

La dimensién pedagdégica también logré buena puntuacién, aunque ninguno de sus
indicadores y subindicadores alcanzé los 4 puntos de forma unanime (Tabla 3). Asf, atendiendo
al criterio de claridad, los mejores indicadores fueron los relacionados con el seguimiento y
evaluacion (M = 3,92) y los menos claros el tiempo de realizacion suficiente. El 70% presenté un
alto grado de coherencia con una media de 3,92, y el restante 30% puntué 3,75, por lo que
puede afirmarse que todos los indicadores y subindicadores de esta dimension eran adecuados
para el objetivo del estudio. En cuanto a la relevancia, el 50% puntué 3,92 y el resto entre 3,75-
3,83; por lo que eran importantes para el estudio y debian ser incluidos. Y, finalmente, respecto
de la objetividad, el 60% obtuvo 3,92 puntos; el indicador adecuacion alos ritmos de aprendizaje
y el subindicador tiempo de realizacion suficiente son los que puntuaron mas bajo (M = 3,58).

Tomando en consideracién cada dimensidon en su conjunto, respecto a los diferentes
criterios, cabeinferirlo siguiente (Tabla4): La primera dimensién dedisenoy formadelaaplicacién
obtuvo puntuaciones globales altas, ya que la maxima puntuacién que podian otorgarle era de
112 en cada criterio, y es en la claridad en la que obtiene la mayor puntuacién (M = 106,66), la
menor en la coherencia (M=97,91) y una puntuacién total de 415,16 puntos sobre 448 posibles.
Estos resultados indican que se trata de una dimension que debe estar presente a la hora de
evaluar las aplicaciones para personas con TEA. La segunda dimensién de contenido también
alcanzé puntuaciones elevadas, pues la maxima puntuacién que podia obtener era 100 puntos,
obteniendo la puntacién mas alta en claridad (M = 98,00), la mas baja en objetividad (M = 96,33)
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y una puntuacién total de 389,00 de un maximo de 400. De nuevo, puede afirmarse que se
trataba de una dimensién necesaria para la evaluacién de aplicacion. Y la tercera dimension,
la pedagdgica, fue valorada con una alta puntuacién, otorgandole totales muy préximos en los
criterios de coherencia, relevancia y objetividad, en torno a 38 puntos de 40 posibles, donde el
de claridad es el que obtiene una puntuacién ligeramente inferior (M =37,50), y una puntuacién
total de 152,83 puntos de 160 posibles.

Tabla 3: Media y desviacién tipica de las valoraciones dadas por los grupos expertos para la dimensién ped-
agoégica de la aplicacion

Claridad Coherencia Relevancia Objetividad

Indicadores
M DT M bDor M DT M DT

3. Dimensiones pedagégica 358 66 392 ,28 383 ,38 392 .28
3.1 Interactividad 375 62 392 28 392 28 392 28
3.1.1 Permite aiadir imadgenes/pictogramas 375 62 375 62 392 ,28 392 .28

3.2 Adecuacién a los ritmos de aprendizaje 367 49 392 28 392 ,28 358 66
3.2.1 Contenido apropiado para el sujetousuario 383 38 392 28 392 ,28 375 45

3.2.2 Tiempo de realizacién suficiente 350 ,79 375 A5 375 ,45 358 66

3.23 Diferentes cédigos de comunicacién 367 65 375 62 383 ,38 375 62

3.3 Seguimiento/evaluacién 392 28 392 28 392 .28 392 28
3.3.1 Se hace unseguimiento del progreso 392 28 392 28 375 45 392 28

3.3.2 Seevaltan las actividades realizadas 392 28 392 28 375 .45 392: .28

Nota: Elaboracién propia.

Tabla 4: Media y desviacién tipica de las valoraciones dadas por los grupos expertos para la cada dimensién en

su conjunto
Claridad Coherencia Relevancia Objetividad Total
Dimensién
DT M DT M DT M DT M DT
1. Disefio 106,66 4,61 97,91 536 10483 734 10575 583 41516 21,56

2. Contenido 9800 9733 9733 3,98 97,33 439 96,33 372 38500 1470
3. Pedagégica 3750 4,16 38,66 2,64 38,50 2,71 38,16 304 15283 11,60

Nota: Elaboracién propla.
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Una vez analizadas las valoraciones realizadas, para determinar el grado de acuerdo
entre se calcularon los coeficientes de correlacién intraclases (ICC) y de concordancia externa
W de Kendall. Dichos coeficientes son utilizados para valorar y evaluar la confiabilidad inter-
observador (Bao et al., 2009). “Su célculo se basa en [dividir] en dos partes la variabilidad total
de las evaluaciones realizadas; por una parte, la variacion debida a la diferencia entre los
elementos a evaluar” (Rodriguez Ruiz y Heredia Rico, 2013, p. 48); y por otra, la variabilidad
atribuible a la diferencia entre las valoraciones del grupo experto (Shrout y Fleiss, 1979). EI ICC
esta comprendido entre 0 y 1; cuanto mayor valor tenga este coeficiente menor variabilidad es
atribuible a la diferencia entre las valoraciones, es decir, mayor acuerdo existe entre las personas
expertas. Los resultados obtenidos con respecto al coeficiente de correlacién intraclase son:
,955 (D1), ,973 (D2) y 966 (D3); como estos valores son superiores a,750 (Shrout y Fleiss, 1979)
indicaban que la confiabilidad inter-jueces fue excelente,

El coeficiente de Kendall:

indica el grado de asociacion o nivel de concordancia, como medida de acuerdo entre los
rangos de las evaluaciones realizadas por jueces ... [a un instrumento determinado], con
unrangode0a 1, ... [donde] el valor 1 representa un nivel de concordancia total, y O un
desacuerdo total. (Dorantes-Nova et al., 2016, p. 332)

Cuanto mayor es el valor Kendall mas intensa es la asociacién que otorga validez y
confiabilidad al instrumento. Para que el instrumento pueda ser utilizado para los fines para
los cuales fue disenfado y si se han obtenido bajos niveles de concordancia, el item en cuestion
puede modificarse o suprimirse para alcanzar el objetivo de medicién pretendido (Escobar-
Pérez y Cuervo-Martinez, 2008). Los niveles de acuerdo medidos con W son interpretados de la
siguiente forma (Siegel y Castellan, 1988):,000 < W < ,600 acuerdo pobre; 600 < W <,700 acuerdo
moderado;, 700 < W <,800 buen acuerdoy, ,800 <W < 1,00 acuerdo fuerte. Asi, para el criterio de
calidad, el coeficiente de Kendall fue estadisticamente significativo y con un grado de acuerdo
fuerte (W=,980, p=,000); para el de coherencia fue estadisticamente significativo y con un buen
grado de acuerdo (W=,757, p=,000); para el de relevancia fue estadisticamente significativo y el
grado de acuerdo resulté fuerte (W= ,861, p=,000), y para el de objetividad fue estadisticamente
significativo con un grado de concordancia interjueces total (W= 1,00, p=,000). Los resultados
denotan que con un nivel de significacién del 5% existia evidencia de la concordancia entre
sujetos expertos en cuanto a la claridad, coherencia, relevanciay objetividad de la propuesta; esto
es que el sistema de indicadores y el instrumento de evaluacién resultaron validos.

Finalmente, se realizé el analisis de fiabilidad empleando el coeficiente alfa de Cronbach.
En todas las dimensiones analizadas los valores del coeficiente a estuvieron por encima de ,900:
,955 (D1), ,973 (D2) y ,966 (D3), y, por lo tanto, fueron excelentes (Hernandez Sampieri et al.,
2006). Lo que demostré la consistencia interna del sistema de indicadores y el instrumento de
evaluacién disefiado.
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Conclusiones

El uso de medios tecnolégicos como puente para favorecer el aprendizaje en el ambito
educativo ha ido cobrando importancia con el paso de los ahos. Ello deja ver cémo la tecnologia
avanza y conecta con todo tipo de colectivos sociales, creando entornos que favorecen el
aprendizaje de diferentes estudiantes, incluyendo aquellos grupos con necesidades educativas
especiales. De este modo, disefiar entornos de aprendizaje accesible para toda la poblacién es
y sera el objetivo principal de la sociedad del conocimiento.

Durante el disefio del sistema de indicadores, han ido floreciendo diferentes inquietudes
acerca de la diversidad de aplicaciones existentes y los posibles criterios a valorar. Estos
criterios han seguido un analisis en profundidad, de forma que se han seleccionado los que
posibilitan una evaluacién de las aplicaciones lo mas enriquecedora posible. Se pretende, ante
todo, que este instrumento sea intuitivo y completo, ya que se ha partido de estudios previos
con gran rigor cientifico. Como se ha podido comprobar, es necesario contar con materiales y
herramientas que faciliten al usuario la eleccién de las aplicaciones que mejor se adapten a las
necesidades de la persona con TEA. En este sentido, la busqueda por parte de especialistas y
familiares partira de parametros previamente establecidos y con criterios adecuados al ambito
que se quiera trabajar con la persona con TEA.

Existe un amplio abanico de aplicaciones destinadas a personas usuarias con TEA, y realizar
una exploracién acerca de lo que cada una de ellas ofrece no es sencillo. Sin embargo, resulta
imprescindible indagar en las funcionalidades que presentan cada una de ellas, ya que, al hablar
de una necesidad especial, el proceso de aprendizaje es particular. De esta forma, ser meticuloso
en este aspecto y reflexionar sobre los materiales y herramientas ofrecidas a estas personas es
relevante para ofrecerles la calidad de vida merecida. Dado que las TIC han avanzado y a dia de
hoy resultan enriquecedoras para personas con TEA, hacer un uso adecuado de ellas supone un
auge en su aprendizaje.

Elsistema deindicadoresy el instrumentodisefiado parala evaluaciéon de aplicaciones para
personas con TEA, sometido al juicio experto han resultado validos y fiables. Las dimensiones,
los indicadores y subindicadores recibieron puntuaciones altas (entre buenas y excelentes).
El coeficiente de confiabilidad inter-jueces (ICC) fue excelente. Y el coeficiente W de Kendall
mostré una concordancia significativa entre jueces en cuanto a la claridad, coherencia, relevancia
y objetividad de la propuesta y un alto indice de concordancia entre los rangos asignados. Por
tanto, el sistema anterior se torna sélido, con indicadores que tienen alto nivel de logro y con
unos niveles de consistencia interna excelentes.

En futuros estudios se analizaran las aplicaciones disponibles para Android con el
instrumento disefiado, con motivo de su validacién experimental. Tras el proceso de validacién
experimental, y como continuacién de ella, se presentara un ranking de las mejores aplicaciones
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por ambitos de desarrollo para alumnado con TEA, que sea de utilidad para docentes y
progenitores. Para cerrar este apartado de prospectiva y proyeccién del presente trabajo, cabe
indicarque convendriaadaptar los criterios de valoracion de las aplicaciones para otros colectivos
que, debido a sus especificidades, requieren caracteristicas acordes a sus posibilidades, como
personas con TDAH o con discapacidades sensoriales, motoras o intelectuales, entre otros.
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Abstract

The use of digital resources has become an innovative and proven option in the therapy
of people with autism. The utilization of apps in mobile devices — smartphones or tablets
— offers autism professionals a complementary medium with which to strengthen
deficient skills (communicative and emotional aspects, etc.). Using resources of this kind
also serves as a source of motivation for people with this disorder. Through a system of
previously validated indicators, we have thoroughly assessed 155 apps for Android that
are available for free on the Google Play Store. To select the apps aimed at people with
autism, we used the search term “autism” in English and in Spanish. The chosen apps
were then assessed and given a score for their design, content and pedagogic dimension.
The assessment concluded by establishing a ranking of the apps, differentiating between
those that are highly recommendable, recommendable and dispensable. Only 14 apps
obtained scores notably higher than the rest. Of these highly recommendable apps, we
have included a description, their advantages and disadvantages, and a global assessment.
This study aims to offer autism specialists and family members, in a clear and intuitive

way, a list of those apps that best fit the needs of people with autism.

Keywords: Educational technology; Special education; Autism; Mobile educational

services

1. Introduction

Currently, the development of Information and Communications Technology (ICT) is
undergoing changes and improvements, offering multiple forms of learning and
interaction to diverse sectors of the population. In the case of people with autism spectrum
disorder (ASD), the creation of digital spaces focused on their needs has proliferated in
recent years. As Guzman et al. [1] show, research into their relevance in therapy and

clinical medicine is beginning.

The DSM-5 defines ASD as a set of “persistent deficits in social communication
and social interaction across multiple contexts [... with] restricted, repetitive patterns of
behavior, interests, or activities” [2]. In this regard, the technological options available
today for working with people with ASD — principally with children — and for helping to

improve their quality of life are wide-ranging [3]. In fact, there are numerous studies
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focused on the benefits of ICT for people with ASD. Authors such as Grandin [4] and
Jordan and Riding [5] show that, by using the visual in addition to the auditory code, ICT
promotes the processing of knowledge and improves perception. This is possible because
it tends to be presented with a visual format that attracts people with ASD, given that they
process information in a different way [6]. This idea is also highlighted by Garcia et al.
[7], who state that ICT stimulates the senses, particularly sight, the development of which
is essential for autistic people, since they process most information through this means.
Furthermore, Lozano et al. [8] show that ICT favours personalized educational care and
makes it possible to repeat tasks. In this way, the person with ASD can find a workspace
without restrictions of time or space, offering the opportunity to access knowledge, active

and interactive learning, and a world of possibilities for developing deficient skills [1].

With the passing of time, the digital divide between certain groups has been
diminishing, offering learning opportunities to all types of people. The use of ICT by
students with special needs promotes access to understanding the most complex aspects
of everyday life, given that their tools come with a multitude of visual and sound features.
Burke and Hughes [9] and Regan et al. [10] reinforce the idea that ICTs offer beneficial
resources for people with disabilities. Authors such as Gonzalez et al. [11], Lozano et al.
[8], and Tortosa and de Jorge [12] are alike in stating that ICT for people with autism is
a motivating medium. At the same time, ICT offers controllable situations and settings
for users [3,13], reducing stress and bringing about anticipation in the face of different
stimuli. Moreover, as Garcia et al. [7] state, “ICT and, specifically, mobile apps, are
multiplying and, educationally speaking, can be a great resource for children diagnosed
with ASD, since they can improve communication, language, the emotions, social

intervention and vocabulary”.

1.1. Use of apps

Currently, the development of web platforms and apps aimed at families, specialists and
people with ASD and, more specifically, those with autism, is growing, as are the studies
concerning what is being offered and how people with this disorder can benefit from
them. However, despite there being many apps, there are few publications that show the
success or influence they have on their users, and there is a scant bibliography on the use

of apps.
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In other disciplines, there do exist rigorous studies that address the topic of apps
and analyse what is currently offered to users, such as the following: Martinez Gémez
[14] on educational mathematics apps for children; Galar [15] on the analysis of the
quality of educational apps; Garcia Rico [16], concerning the use of the app “PICAA” in
students with special educational needs; Mugarza [17], in which the 50 best health apps
in Spanish are put forward; Comin [18] on apps designed for child education; Rico [19],
focused on the use of apps that address creative processes in artistic education; Roncandio
[20], which analyses educational apps in Early Childhood Education; Natarajan et al. [21],
related to mobile shopping apps; Rajak and Shaw [22], focused on the evaluation of health
apps; Alam et al. [23], in which the factors that influence the behavioural intention of
using mHealth apps are explored; and, lastly, Vaclavik et al. [24], on factors influencing
confidence in the use of travel apps. There are even specific disciplines on the use of ICT

for specific groups, such as for the visually impaired.

Therefore, examining everything that technology offers should be the starting
point for seeking the medium through which the person with autism may attain functional
communication and, with this, develop language, express emotions, understand the
emotions of others and, not least, promote social interaction in accordance with their
capacities. For professionals, it is essential to find out what is being offered and what
resources are currently available in order to work with people with autism and adapt the
materials to their characteristics. Having access to attractive tools that encourage learning
will help to improve quality of life insofar as their skills are strengthened. As Guzman et
al. [1] state, “the availability of resources such as the mobile telephone, tactile digital
devices, virtual personal and community interfaces, opens up the field of interaction and
of problem-solving to a universe almost unlimited in possibilities” (p. 252). Thus, coming
to the purpose of this study, to learn what is being offered and how to undertake
appropriate usage of ICT is vital for achieving the proposed aims for people with autism,

both for professionals and family members.

The app market is varied and offers tools aimed at working on different areas that
pose a problem for people with autism, such as communication [25-27], emotions [28—
31], time management [32], basic instrumental skills — language, mathematics, etc.—[33],
executive functions — organization, memory, attention, etc. — [27,32,34], and

leisure/entertainment [35,36]. It must be noted that most of the apps do not specify the
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age of the user they are aimed at. Despite this, following a review of the catalogue of

existing apps, we can state that they are mostly designed for children.

Having reviewed the literature, we confirm that, up until now, there has been no
rigorous analysis of the apps aimed at people with autism, nor has there been a ranking
of the best, which would be of use to families and professionals. Therefore, given the

purpose of this study, we set forth the following objectives:

1. To analyse the quality of the free apps for people with autism that are available

on the Google Play Store.
2. To assess each app according to its design, content and pedagogic aspects.
3. To establish a ranking of the best apps.

4. To determine what areas the apps assessed work with.

2. Method
2.1. Sample

In order to proceed to the analysis of apps aimed at people with autism, we took the
Google Play Store search engine, available in mobile devices with the Android operating
system, as the starting point. Previous studies [7, 38—42] use app stores because they are
the most popular and safest platforms for finding and downloading apps, and the
professionals and families of people with autism will rely upon them to search for,
download, install and later update these apps. The only filter applied for the search was
that the app be free. Chronologically speaking, two searches were made, trying to handle
the largest number of apps possible. Using the Spanish keyword “Autismo”, 228 apps
were found (January 2019—February 2019), of which 123 were excluded, as per the
criteria shown in Table 1, with the final number evaluated being 105. The second search
was carried out with the English keyword “Autism”, with 247 apps being found (March
2019-April 2019), of which 192 were excluded according to the exclusion criteria (Table
1) and 50 assessed.
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Table 1
App Exclusion Criteria

Exclusion Criteria « Autisrrllf)?’yw OffjASu tism”
Unrelated to the topic 52 92
Aimed at professionals/families but not at people with autism 41 0
They would not open or were not compatible with the device utilized 30 82
Repeated - 18

2.2. Instrument

For the assessment of each app, the “System of Indicators and Instrument for the
Assessment and Selection of Apps for People with ASD”, designed and validated in
Gallardo et al. [37] was used. The use of a system of indicators is a useful resource for
assessing the products or services under offer in a tangible way. The aspects that are
evaluated are in keeping with the ideal criteria for an app aimed at this community. Hence
the indicators, and their consequent explanations, were rigorous and analysed from a
psycho-pedagogic point of view. The development of the indicators used was created
using previous national and international studies [38—41,43—45]. Three dimensions of
each app were evaluated: - Design/form: availability (languages, updating, identifiable
icon), ergonomics (legibility, clarity, use of color, personalization), usability (velocity,
browsing), popularity (user rating, number of downloads, prizes) and accessibility (access
to the app by users with ASD, use without internet connection). - Content: audio and
narration quality (sounds, music, narration, voice modulation, clarity, neutral intonation),
contents (variety of topics, content organization, levels), notifications, help/tutorials
(tutorials in written or audio format) and safety (data protection, installation permissions,
parental control, blocking of in-app purchases). - Pedagogic aspects: interactivity (the app
allows the uploading of own images or pictograms), appropriateness of pace and learning
(content suitable for people with ASD, sufficient time for carrying out activities, different
communication codes), monitoring and evaluation of exercises/activities. The instrument
consisted of a total of 14 indicators, subdivided into 46 sub-indicators. The presence of
each sub-indicator was given a score of 1 point, so that the scoring of the design/form
dimension (D1) ranged from 0 to 22 points; that of content (D2) from 0 to 18 points; and
the pedagogic (D3) from 0 to 6 points. The total thus ranged between 0 and 46 points.
Lastly, to determine whether each of the apps assessed was deemed recommendable or

not for users with autism, the following parameters have been used (Table 2).
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Table 2

App classification criteria

Group Score Percentage of sub-indicators Classification
1 >37 points 80-100 Highly recommendable
2 23-36 points 50-79 Recommendable
3 <23 points 49-0 Dispensable

The instrument was validated by 12 judges, comprising: four teachers from the
Faculty of Education Sciences of the University of Granada with extensive academic and
scientific training in addressing diversity and the psycho-educational care of people with
special educational needs; four professionals with ample experience in working with
people with ASD; and four experts in the field of computing, ICT and apps. The experts
had to validate the indicators and sub-indicators on the basis of the following criteria:
clarity (“It is formulated with appropriate and comprehensible language. It is easily
understood”); coherence (“It is suitable for the study objective. It has a logical relation
with the dimension or indicator that it is measuring”); relevance (“Degree of importance
for the dimension. It is essential or important, and, therefore, it should be included”); and
objectivity (“It makes it possible to measure observable facts”). They used a scale of 1—-
4, namely: 1 = Unsatisfactory, 2 = Satisfactory, 3 = Good, 4 = Excellent. As well as this
quantitative assessment, the experts were able to make a qualitative evaluation through
comments and suggestions for improvement. Once the judges’ ratings had been analysed,
the Intraclass Correlation coefficients (ICC) and Kendall’s W coefficients were calculated
in order to determine the degree of agreement between them. The ICC obtained were
excellent (0.955 D1, 0.973 D2 and 0.966 D3). The ICC are measured between 0 and 1 —
— the higher the value the coefficient has, the less the variability is attributable to the
difference between the expert ratings (in other words, there is better agreement between
them). As these values were higher than 0.750 [46], they indicated that the inter-rater
reliability was excellent. It also attained a Kendall’s W inter-rater concordance that is
significant and strong (with values between 0.757 and 1.00, p < 0.001), and excellent
levels of internal consistency (Cronbach’s alpha coefficient above 0.900: 0.955 D1, 0.973
D2y 0.966 D3), demonstrating that this is a valid and reliable instrument.

2.3. Procedure
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Each app was comprehensively assessed following the system of indicators. The apps
were installed and assessed during the first quarter of 2019, always using the same device
- connected through AC Wi-Fi at a speed of 600 Mb/s - in order to prevent any alteration
and to be able to make an assessment under equal conditions. The apps were installed for
two weeks on the smartphone, in order to examine the notifications that might be sent to

the user, this being one of the sub-indicators under evaluation.

2.4. Design and data analysis

We have carried out a descriptive study, with the aim of learning and evaluating what is
being offered to people with autism in terms of mobile apps. We have used a cross-
sectional design and a non-experimental quantitative method, since the variables do not

undergo any modifications.

In order to undertake the assessment of each app through the system of indicators,
the Microsoft Office Excel 2016 program was used. The gathered data were then treated
with the SPSS Statistics version 25.0 for Windows pack, with a margin of error of 5%
and a reliability level of 95%. Thus, to achieve the proposed objectives, the frequencies
and measures of central tendency (mean and standard deviation) have been calculated.
And for the comparison between groups, the Kruskal-Wallis non-parametric test for

independent samples has been used.

3. Results

After the assessment of the 155 apps, we obtained the following: 9% (n = 14) belonged
to Group 1, those that were highly recommendable; 85.2% (n = 132) belonged to Group
2, the recommendable; and 5.8% (n = 9) to Group 3, the not recommendable. Comparing
the groups (Table 3), it was observed that the apps in Group 1 attained the highest scores
in all dimensions. The apps in Group 3 obtained scores below the mean in all dimensions,
while those in Groups 1 and 2 were above. The dimension in which there was the least
difference between Groups 1 and 2 was that of design, while the greatest difference was
found in that of content. Between Groups 1 and 3, the dimension showing the greatest
difference was that of content, and the least, the pedagogic dimension. Lastly, Groups 2

and 3 differed the most in design and the least in pedagogy.
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Table 3

Statistically significant differences in the dimensions according to the app groups

Groups

Dimension 3(n=9) 2(n=132) 1 (n=14) Kruskal Wallis

M SD AR M SD AR M SD AR 2 _df  p
DI 10.89 337 833 1703 146 8001 1785 094 103.82 27.60 2 .000*
D2 6.11 2.84 2367 1042 266 7448 1514 086 146.14 4676 2 .000*
D3 233 070 3239 338 095 7533 485 0.66 13250 32.86 2 .000*

Note: DI = Design/form dimension; D2 = Content dimension; D3 = Pedagogic dimension; Group 3 =
dispensable apps; Group 2 = recommendable apps; Group I = highly recommendable apps; M = Mean; SD
= Standard Deviation; RP = Average rank. Statistically significant: *p<.001

Taking the apps belonging to Group 1 as a reference, we present a ranking of the
14 highly recommendable apps, with their respective total and individual scores in each
of the dimensions assessed (Table 4) — each app was assigned the name with which it
appeared in the Google Play Store search engine. None of the apps assessed reached the
maximum possible total of 46 points, with 40 being the highest score obtained and only
by two of the apps (25%): “#Soyvisual” and “Otsimo . Eight (57.14%) of these apps are

at the lower limit for forming part of Group 1, with a score of 37 points.

The app “SymboTalk - AAC Talker” obtained the best score in Dimension 1, on
design, because unlike the others, it stood out for its variety of useable languages, an
aspect that few apps had. The lowest-scoring app in this dimension was “Michelzinho -
emogoes e autismo”, since it could not be used in different languages and could not be

personalized in text or audio.

In Dimension 2, on content, the app “Otsimo” attained the highest score, due to
the fact that, as well as having indicators common to its rivals, it presented tutorials in
audio and in written form, and sent notifications to the smartphone even when the app
was not in use, as well as emails to the address of the registered user, informing about
changes or new exercises, which made it even more interactive. In contrast, the apps that
gained the lowest score were “SymboTalk - AAC Talker”, “CPA” and “Emociones,
sentimientos y expresiones!”, because they had no music, no audio tutorials and did not

send notifications to the user.

“CPA” and “Michelzinho - emogoes e autismo” were the apps that succeeded in
bringing together all of the proposed indicators in the Pedagogic Dimension (D3), as they
allowed the user to add their own images or pictographs, offered different codes of

communication, sufficient time to carry out the activities, and they monitored and
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assessed the proposed activities so that the user could receive feedback on their progress.

173

However, the apps “Visual schedules and social stories”, “Juegos de nitios para bebés
de2 a5 anos”, “CommBoards - gratis terapia del autismo AAC” and “SymboTalk - AAC
Talker” scored the lowest in this dimension, mainly because they lacked any monitoring

of the user’s progress.

Table 4

Ranking of highly recommendable apps according to scores obtained

Name of the app Total Score D1 D2 D3
#Soyvisual 40 19 16 5
Otsimo 40 18 17 5
Autism language and cognitive therapy with MITA 39 18 16 5
Smile and Learn: juegos educativos para nifios 39 18 16 5
SymboTalk - AAC talker 38 20 14 4
CPA 38 18 14 6
Visual Schedules and Social Stories 37 18 15 4
Juegos de nifios para bebés de 2 a 5 afios 37 18 15 4
CommBoards - gratis terapia del autismo AAC 37 18 15 4
Emociones, sentimientos y expresiones! 37 18 14 5
LEA, Lecto Escritura para Autismo 37 17 15 5
Autastico 37 17 15 5
Terapia z tabletem 37 17 15 5
Michelzinho - emogdes e autismo 37 16 15 6

Note: DI = Design/form dimension; D2 = Content dimension, D3 = Pedagogic dimension

It is worth noting that in Group 2 some of the apps attained a similar score to those in
Group 1 in certain dimensions. For example, four apps from Group 2 scored 20 points in

Dimension 1 (design), the same as those from Group 1 (Table 5).

Table 5

Apps from Group 2 that scored well in Dimension 1

Name of the app from Group 2 Total Score D1 D2 D3
aBoard CAA 36 20 13 3
ISECUENCIAS LITE 35 20 11 4
Asistente de voz ACC 35 20 12 3
LetME Talk 33 20 9 4

Note: DI = Design/form dimension; D2 = Content dimension, D3 = Pedagogic dimension

In contrast, with Dimension 2 (content), not one app scored as well as the best app from
Group 1. However, there were two apps that obtained 15 points and nine that obtained 14

points (Table 6).
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Table 6

Apps from Group 2 that scored highly in Dimension 2
Name of the app from Group 2 Total Score D1 D2 D3
Speech Blubs: Language Therapy 36 16 15 5
SocialSkills for Autism Kloog2 36 16 15 5
Proyecto Emociones 36 17 14 5
Quien en quien pictogramas 36 17 14 5
Jose aprende 35 18 14 3
Teacch.me 35 16 14 5
ABA DrOmnibus for parents 35 14 14 4
Diegosays autiso habla 34 17 14 3
Horsy 34 17 14 3
Autism help 33 16 14 3
El oledor 32 15 14 3

Note: DI = Design/form dimension; D2 = Content dimension, D3 = Pedagogic dimension

Regarding Dimension 3 (pedagogic), 74 apps from Group 2 obtained a score that was
higher than the mean. To further refine the search, Table 7 shows the seventeen apps that

scored 5 in this dimension.

Table 7
Apps from Group 2 that scored highly in Dimension 3

Name of the app from Group 2

(Recommendable) Total Score D1 D2 D3
Proyecto Emociones 36 17 14 5
SocialSkills for Autism Kloog2 36 16 15 5
Preescolar juegos en Spanish 36 19 12 5
Quien en quien pictogramas 36 17 14 5
Speech Blubs: Language Therapy 36 16 15 5
Teacch.me 35 16 14 5
Vi.co Hospital Lite 35 17 13 5
Visual reading - educacion especial 35 19 11 5
Proyecto retratos 34 17 12 5
Autimo 34 16 13 5
Emoplay 33 15 13 5
Tarjetas educativas en Spanish 33 16 12 5
Daily tasks 32 17 10 5
AJEDREZ NINOS INFANTIL GRATIS 32 17 10 5
Dictapicto 31 18 8 5
ABA Kit 31 15 11 5
El viaje de Elisa 31 18 8 5

Note: DI = Design/form dimension; D2 = Content dimension, D3 = Pedagogic dimension

Concerning which areas the 155 apps worked with, it was observed that most of
the apps addressed several (Table 8). Thus, 95.5% (n = 148) focused on the executive
functions, 58.7% (n = 91) worked on language, 50.3% (n = 78) addressed leisure and

entertainment, 46.5% (n =72) communication, 40% (n = 62) dealt with the basic
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instrumental skills, 14.2% (n = 22) focused on the emotions, and, lastly, 11.6% (n =18)

on time management.

Focusing on the highly recommendable apps, we found that the areas that were
most common in each of the apps were the executive functions, communication and

language, whereas the emotions and time management were the least addressed.

Table 8
Areas addressed by the highly recommendable apps

App CO LA EM T SK EX LE
#SOYVISUAL
OTSIMO ig
Autism Language and Cognitive Therapy with MITA
Smile and Learn: Juegos educativos para nifios >

SymboTalk - AAC Talker
CPA
Visual schedules and social stories ><

JUEGOS DE NINOS PARA BEBES DE 2 A 5 ANOS
CommBoards - gratis terapia del autismo AAC
Emociones, sentimientos y expresiones!
LEA LECTO ESCRITURA PARA AUTISMO
AUTASTICO
TERAPIA Z TABLETEM
MICHELZINHO - EMOCOES E AUTISMO
Note: CO = Communication; L4 = Language; EM = Emotions; GT = Time management; SK = Basic
Instrumental Skills; EX = Executive Functions; LE = leisure/entertainment

KKK OO
RARR R R

On the basis of the results shown above, in Table 9 each of the fourteen highly
recommendable apps are presented, according to language, areas dealt with, target user,

total score obtained, description, advantages and disadvantages, and global assessment.
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4. Discussion and conclusions

The app review has made it possible to observe the great variety of existing educational
tools for promoting the integral development of people with autism. The catalogue
offered by the Google Play Store covers a broad range of essential aspects that make up

the psycho-pedagogic intervention in ASD.

It should be noted that this study aimed to show those apps that, due to their
design, content and pedagogic dimension, proved to be the most enriching for people with
autism. Hence, the didactic application this study focuses on is to provide specialists and

family members with those apps that are best adapted for people with autism.

Having reviewed every one of the apps offered for free on Google Play Store, it
could be seen how many of them are not aimed at people with autism but solely for
families or professionals. Thus, it is essential to be able to select those apps created
exclusively for people with ASD, since there are more than 450 apps on offer (using the
descriptors “autismo” and “autism”). Likewise, many of the suggested apps do not focus
on the needs of people with autism, but appear randomly in the search results, which
means that an arbitrary search would result in hundreds of apps, few of which would be

those designed exclusively for users with ASD.

Furthermore, most of the apps do not specify the age group they are aimed at. This
may either be because the app can be used at any developmental stage, or because this
information was overlooked. It is relevant for information of this type to be shown, as it
helps in the process of app selection. And given that the age of the target user is not
indicated, it would be useful for the app to indicate certain competences that the user
should possess in order to use it, since some of them only contain reading and do not
include audio narration or sounds that would enable the user to continue using them even
if they have not yet attained the skill of reading. Many apps include stories, which means
that, if they are not given voice narration by the app itself, their use will be limited even

though the content is suitable for people with autism.

It should not be forgotten that the ultimate purpose of the educational apps is to
reinforce the daily work carried out by families and professionals in autism. Hence their
use should be framed within a specific programme in which the activities complement

each other; they should not make an arbitrary use of them.
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Currently there are studies focused on the assessment of websites and apps, but
not exclusively for the autism community. There are many disciplines that can benefit
from these studies, but in the field of autism we have not been able to find studies of this
type. Therefore, given that there are no known investigations that evaluate apps
specifically for autism in depth, it is difficult to make a comparison of the results. This
thus entails a limitation, given that a proper assessment in comparison with other studies
cannot be undertaken. However, this is an opportunity for innovation for professionals in
the field to make appropriate and responsible use of resources of this type, at the same

time offering researchers enriching results of this topical subject area.

It is curious that, after examining the 155 apps, the area of the emotions is that
which features the least. ASD presents a symptomatology precisely with deficiencies in
social relations, very closely related to the emotions. In fact, despite the fact that this
incapacity to recognise the emotional states of other people and to understand their own
emotions is the main trait of the disorder, there are few apps that aim to deal with these
skills (which, if they are worked on, can be seen to improve). Fortunately, the apps linked
to communication and language feature frequently on the Google Play Store catalogue,
which is good news as communication (the communicative intention in itself) is the basis

upon which developing the other skills can be achieved.

It is noteworthy that, despite there only being 14 apps in the highly
recommendable group, the large majority of the remaining apps are recommended for
therapy with autism, with only 9 in the not recommendable group. Thus, even though
some apps are less complete than others, the development of apps focused on ASD is

obtaining high scores and users can make an optimal use of them.

Regarding the pedagogic dimension, only the apps “CPA” and “Michelzinho -
emocoes ¢ autismo” from those ranked highly recommendable attain the maximum score
(6 points). In this regard, it is important to work on helping the other apps in the catalogue
to achieve essential aspects of this dimension, whereby they can manage to wholly adapt
criteria that are key to the development and strengthening of the teaching-learning
process. This requires the collaboration of teachers and educators with programming

engineers to build accessible pedagogic software.

Aside from this, routines and time management are also areas that need

emphasising, because, as is well detailed in APA [2], this disorder presents restrictive
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patterns in terms of behavior and activities. The apps that deal with these issues organize
the way to set out time to perform routine tasks very well, such as brushing one’s teeth or
to manage what one is going to do throughout the day. However, these apps are given
less space. It is essential that, if ICT and apps are going to be utilizable as resources
complementary to education and therapy for people with ASD, they be easy to find by
families and specialists, and that they be of good quality.

Regarding future research, it would be worthwhile to enhance the system of
indicators by expanding those that refer to the pedagogic dimension, for they only make
up 13% of the total score of an app. Additionally, there should be an assessment of the
quality with which the apps address the areas where people with ASD present most
difficulties. It would also be of value to assess and evaluate the apps that appear when
using search terms such as “Pictograms”, “Pictographs”, “Augmentative and Alternative
Communication (ACC)” and “Visual Schedules” in Spanish and in English. This would
enable a complete survey of all the material that is offered to people with autism and to

distinguish those apps that better adapt to the areas that need to be worked on.
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Spanish Ministry of Education, Innovation and Universities (aid for university teacher
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Abstract

Mobile apps represent a resource with great potential for encouraging the develop-
ment of many skills, given the high number of apps available and the quick access to
them. Many professionals and families include these resources in the education and
therapy of children with autism. For a group with such particular needs. a review
of the apps is great importance. since. due to their characteristics. the apps must
provide content. design and pedagogical aspects that fit those needs. Through a pre-
viously validated system of indicators, 155 free apps on Google Play were evalu-
ated. using “autism” in English and in Spanish. We determined which work area
each app developed. as well as which were the most multifaceted. Having evaluated
the recorded data. we calculated frequencies, percentages and reliability. as well as
parametric contrast and correlation statistics. We found that the focus of most apps
was on executive functions. language and entertainment. with a minority devoted to
the emotional sphere or time management. However. 98.06% of the apps worked on
several areas. which makes them more functional but with the downside of not being
specialized. Most apps were placed in the “recommendable™ level but with margin
for improvement in increasing their functionality.
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1 Introduction

Autistic Spectrum Disorder (ASD) is characterized by the presence of impair-
ments and difficulties in areas connected to communication and social interaction.
along with restrictive patterns with respect to diversity of behaviours and inter-
ests (APA, 2014). Autism is a part of ASD, according to the APA manual. Wing
(1998) defines it as a set of symptoms associated with three dimensions (autistic
triad): impairments and delay in language and communication, both verbal and
non-verbal: impairments in the social sphere. more specifically in interpersonal
reciprocity: and impairments in behaviour and thinking.

The global prevalence of people with autism has been measured by various
authors and for various contexts, but the figures are not exact. Fortea et al. (2013)
show that it could affect 60-70 of every 10.000 people: APA (2014) and March
et al. (2018) state that it could comprise 1% of the population: Anzaldo and Cruz
Ruiz (2019) assert that it affects one out of every 160 children in the world: and
Milaga et al. (2019) show that in countries such as the United States it comprises
one of every 59 children. and in Portugal, one of every 806. Even with this lack of
agreement, the prevalence is notable. It is therefore important that these children
are offered the care and education to enable their comprehensive and autonomous
development from an early age. It is vital for professionals and specialists who
participate in their education and/or psychopedagogical interventions to have the
requisite training and means. including digital techonologies and material specifi-
cally designed for this group.

With this in mind. having searched through the different areas in which chil-
dren and adolescents with this disorder have greater vulnerability — communica-
tion, language, emotions, basic instrumental skills, executive functions and time
management — we observed that information and communications technology
(ICT) in all its varieties (smartphone. tablet. communication boards. comput-
ers, etc.) achieves positive results in their enhancement and development. “Pupils
with ASD often require the intervention of a wide range of services adapted
to their specific needs™ (Cappe et al., 2017, p. 498). Various studies (Castro &
Mallén, 2019: David et al., 2019; Gonzalez et al.. 2016: Guzman et al., 2017:
Hernandez & Sosa, 2018 Lorenzo et al., 2021: Pinel et al., 2018: Silva & de
Rodriguez, 2018; Terrazas et al., 2016: Tsikinas & Xinogalos, 2020: Vlachou &
Drigas, 2017: Wang & Xing, 2021) show the benefits that ICT offers this com-
munity, with a wealth of content focused on the comprehensive and specialized
development of people with autism.

1.1 Apps for children with ASD and autism

In particular, apps provide a resource with great potential for working on and
encouraging the development of many skills, given the high number of apps avail-
able and the quick and simple access to them (Gallardo-Montes et al., 2021a).
Similarly, studies focused on children with autism using smartphone and tablet

@_ Springer
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apps have been increasing. and many authors have described their experience and
success in using them (Table 1).

As well as being a good option for entertainment for any section of society. apps
have potential beyond mere recreation for children with autism. Their content. and
the way it is laid out, is presented in a controlled way. without ups and downs or
intimidating situations, which is favourable for children and adolescents with autism
(Gonzalez et al., 2016: Herndndez & Sosa, 2018: Terrazas et al., 2016). The digital-
format tasks are also attractive to the user (Lozano et al., 20 13b: Sudrez et al., 2015),
offering visual stimuli that are highly appealing to children with autism (Garcia
et al., 2016: Hernandez & Sosa, 2018: Jiménez et al., 2017). In addition. authors
such as Garcia et al. (2016) and Jiménez et al. (2017) uphold the idea that interven-
tions supported by apps facilitate and stimulate language and communication.

1.2 Previous studies on the evaluation of apps

Studies that examine apps for children and adolescents with functional diversity are
numerous and varied. Cayton et al. (2015) assessed mathematics apps on the Apple
App Store with regard to mathematical content, feedback. user interaction and
adaptability. Crescenzi and Grané (2016) carried out a content analysis of 100 apps
for children between the ages of six months and eight years old, examining their
visual and interactive design. and they concluded that the quality of the aspects they
measured was low. Larco et al. (2018) assess the quality of 73 apps on Google Play
for people with disabilities. concluding that improvements were needed regarding
personalization and interactivity. Kucirkova (2019) studied the design parameters of
apps for creating children’s stories. Crescenzi et al. (2019), in a systematic review of
200 apps for eight-year-old children, related to the safety and risks involved from an
ethical perspective. underline the need to consider several aspects, including: mech-
anisms for protection; tools to change settings: stereotypes: knowledge held prior to
using the app: and the verbal component presented. Leech et al. (2021) study men-
tal health-focused apps for adolescents and young adults and the benefits following
their use.

However, there are few studies that focus on the evaluation of apps for people
with autism (Table 2). We need to pay attention to the particular areas in which peo-
ple with this condition have greater difficulty. in order to find those apps that include
suitable content based on their needs.

1.3 Spheres or areas in which children and adolescents with autism present
greater difficulty

Children with autism exhibit significant impairments in the area of communica-
tion. along with many difficulties in language processing (Orellana, 2016: De Cas-
tro et al.. 2018). As a consequence. there is impaired social interaction. ICT offers
resources and tools that promote precisely the communication competence (Peirats
et al., 2019). The software that supports language and communication makes it pos-
sible to create material that is connected to the communicative process through

_@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales n



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

AN gEssa008 Luoneanps pue Sasnput spake po Gofepad

11 se [P se wsnne g 9doad joy dde ue jo soisuspeRp
annduosap pue RGO ) A1 FULIDAOE] U0 PISNO0) USUIIEU |

WAP[IYD 01 WA Furard

as0p2q sddw oy ostasadns o) peswupr aw spruossagoud puw sayurg)
o8 puw ‘gldw o o 28n puw vons2R8 A 10) DUEPING OU S1 1],

SSauasn 121 ut sjuacuasoxdun oge

20000 i KFoouydd Jo 0mape 2y s pasosdun ey sdde

DL u2ALE SYSE) A1 1IN0 Tu LR Ul UONEAUIOUOD 1D JRIOE)
YT AL SONSUDNIRIBYD € Piyd 21 01 paxdwpe seorp ot aang sdde o,

RUE T CATITEN TR IR

JO SONSLIDIOVATYD U 1A UONT[RL 11211 01 0P K100 1jrqesn
s papnpout 21w souravadde puv vosuagaduios wp puy Say g,

e e dnoad s u o) Justm )

1202 pum oars 19 10) sddyy ‘papaou stsanuury o) sdde jo saqumu

IB2UT B U9ASMOH LUSTINE (114 UDIP[ID JOJ SNOJAUNU PUB @apt
AR FUIIEY PUR UOLEI UNWLIIOD 1ot ARy uo pasnao) sdde 2 g,

ASY YA PIYD 31 Jo spaau A1 o1 padepe ‘sauuey pue siside
1211 yoeads £q paumuiew SURULO) pur uSisap v jo souviodun oy,

paacudu

X PNod suomeLEg pue spunos ‘@endm | oy qsy i odoad

wsnne
yn s ydoad 1o sdde jo pawssasse a1 10) wawmusul ue uFSoP oL ([Z00) 11 12 230X B RS
uo yrom L2 vuw
[EwRdo [2asp 211 puE SOMNSLIDIORIND 1211 JO MIAIA0UE 98§
01 Sy YA uaippy 1op sdedv prarpuy pur SO1 a1 asdjmv o, (6100 12 nopnadoyuey

UOMEDUNLALOD PR SUIRS] J0) JUNUU0IAuD 1 2p woud o1 paco
“[2A9D wstne s uappya.1o) sdde prapuy pue g Or 21 pms o, (6100) 12 19 nuepy

wsnne s uappyo o) sdde jo
udisap A1 10) posn IO A IqEsn A1) KPS 01 M1 INPWSLS (S107) 1712 uvyos

TUSTINE (114
uaippya o) sdde prapu y pue §O1 U0 PasTO) S AU JO X ATY (810C) wuep pue odsai )

UONEINUTILIIOD 2AITELINE
pue aanvuawdne Jurssappe sdde jo wuop 2 awdnsaaut o, (S1020) AQUEDDW PUEIIS0g

ASY Y oo ad

Josonsuoemy a1 o1 padepe 1ou 9jq ssaoor aw sdde (@ oy o1 9pqiss 200u sckde jo waudo pasp a1 o) saurEpmd esdeur o], (L107) oponT] pum ojoned
QUETS R
‘uisop yaepumstspun pue oueadde ‘osn jo yuauappyd o) dde ue jo 2ompaun a1 uT ISP 01 AU [N
AR VORISR COUAIYD SIRIYD 01 UL S UOLH AR R[N E] dn pasn uaaq asey w1 1018 ARpIgEsn Sunsis ) o], (O100) R 12 uBYOS
suoISNPUO) asnaaf qOpsod.an g FIOM

Jopuostc] wroadg wsnny y s uap(ugd 10) sdde jo uonEnEAS 31 uo pasnoo) sapnK  zajqel

Springer
97

&

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

pascudur oq ) peau sy i apdoad jo sonsuaorivys
211 vO pasnoo uFisap o puw K ear pauaudne a1 jo Sgenb oy,
SO WP
SIGOL JO N D] ULPIFPULLLOIDLS T PO I MIIAL DU B AS
v Supqeuod pue Sprgexay Jag) o1 20 SRS A1 RN 0
pue st EnEuy arbow ojuapys Jurdpag w aapay2 am sdde 2y,
ST
1O SIN[EA [BININD PUE JMUOUOX-01I0S U1 11 1A% 2OUFPIOOOE U1 28N
o1 gatse stwy dde ue saonpoxd (QSA) UF1Sa] 2A015U98 aNJEA 211,
Speuo ssyoad pue soynue
o1 20uep i pood 2413 01 Spmap pajuasad 2 pnois ssasppe o)
e £ ey uuod a1, siadopasp usemiaq Amasampasoud
aFurydanoraeyaq jo wnowe ) pue sdde ap jo Supenb a2 g
‘wsnnw i apcdoad jo spaou 2
1 1saq sdde asay g, 1sar o uwyaagFny Kgriou sa1008 uwqo sdde
1 SuQ soedse pardodepad pue juauod ‘udissp iy jo Gienb
a1 o) Furpaooow sdde o jo Furyues v poyst|qes? JUDISS8Se 21|,
(4,76°6) B0 BIAID pum uonedrdunu S5 geeragmu ur pu S(401°6)
Furyads Funpea ‘Funum ul (4,776 LHuany Fuipearsea 1t Tuipeas
Ut (g e) soqep £ seam sdde a) un o sand 1sey sem g eae
<N 21 AFeNTuE] (V0 104 (H9KET) SOMBWA U PUE (47¢ 1)
Funum e paume asm ma) ng (4,6 () Tuprat pue (478°(8)
adenuwy w10 o payury sivadse uo pasnooy sdde aip jo1sopy

aAsy i apdoad
10y sdde Qupear pajuswdne o 1qow A WEXD 0) MM NPILISLE

TURAP[IYD BALTY WA WA 380 UBRD SIXIRI) MOL| PUB
WSHNE Y uappys 1o) sdde § O 1T EAUT 01 XA DNRWIE S

ASY YA UIP[IYD JO FULIONOW 10W A1 A[] U0 Pasnaq)
prapuy pue SO0 apqueeavdde sy u o Jo jusmssassy

arsod pout Ly saumpaoold aFwmyd mo wegag 9yl 01 uonudE
agprorped Jutad qsy yna qdoad o spprys proos Sungora)
® paune £e] 4 yfoon pue saunpt uo siqepeae sdde smneaso],

‘wsnne i 2 doad
10) proapuy dof apqepresw sdde ¢¢p jo Sipenb oy jojusssassy

SWSTIR Y A UAPIYD 0] (S21e D
AW pue Funu a Fuipeat afendu el (rR1o) S|ys [Rusuma s
DISEY U0 PRsna0) prapuy uo sjqepear Ldv g jo vonenjeag

(1702) 1mung puruery

(1Z08) (8 19 uiessny

(1200 ‘v 12 anbuy

(IZ0C) =19 vuuEy

(P10 * 719 SO -OPIv|| Ty

(4170 *[¥12 SAUOW-OPIF]| )

SUDISNPUO)

anal qopsod.mg

HOM

(paouinod) zajqel

pringer

fNs

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

images. personal photographs and pictographs. enabling the user to create person-
alized schedules and social histories (Herniandez & Sosa, 2018). Thus it can be
adjusted to the interests of the child. young person or adult with ASD, which is
essential for motivating communicative interaction (Baixauli et al.. 2017).

Regarding the emotional sphere, children and young people with autism have
a diminished capacity for understanding mental representations (Pedreio et al..
2017). An example of this is their difficulty in comprehending emotions, beliefs and
intentions (Mazza et al., 2017). Authors such as Lozano and Merino (2015) state
that, through a structured and well planned intervention. it is possible to improve
the emotional competences. Successful studies and experiences, such as those of
Lozano et al. (2013a), Gonzilez et al. (2016) and Matey (2017). show improve-
ments in understanding emotions with the aid of technological resources and apps
in children with autism. Thus, the appropriate and organized use of these types of
resources can guide psychopedagogical interventions toward positive results.

Pouw et al. (2013) add that children and adolescents with autism present an
impaired capacity to create a Theory of Mind (ToM), which is closely connected
with social interaction. This theory addresses the ability of people to attribute men-
tal states to oneself and to others. through which they can understand their own and
others’ behaviour (Premack & Woodruff, 1978). ToM produces patterns or behav-
iours that enable a person’s communicative and social development with their sur-
rounding environment. Because processes integral to human development operate
in ToM. an effort is made to promote them in people with autism from an early age.
Some of the areas that converge in ToM are communication, language and the emo-
tional sphere — the areas in which people with autism have most difficulty.

In terms of the basic instrumental skills, iﬁigucz (2013) states that “instrumental
learning is based on the acquisition of essential instruments and tools that are the
basis for accessing the rest of knowledge and attaining an education of quality™ (p.
1). People with autism display difficulties in learning these types of competence.
such as artihmetic, writing and reading. Detecting these obstacles and treating them
are two key aspects in intervening with children with autism.

“Learning to read and write is perhaps the first truly academic action in schools:
it marks a before and after in the life of a child. Knowing how to read and write
is. nowadays, something we expect of any person” (Autismo Diario, 2017, p. 1).
The learning of reading and writing represents a step forward in development, since
it gives an improved under-standing of language and its development. Pérez et al.
(2012) stress that “teaching to read in autism does not only mean one step further in
the natural process of education and culturalization. In autism. reading and writing
can provide a way in for intervention on particularly affected aspects™ (p. 85). In this
regard. apps offer a large range of material to work on these concepts in a playful
and active way.

In addition, people with autism exhibit difficulties in tasks connected with
executive functions (Peirats et al.. 2019). These involve the capacity for holding
and managing information (working memory), prepotent response inhibition,
flexibility to task change. planning to achieve objectives, and decision-making
(Goldstein et al.. 2014). “These processes are critical for our daily function-
ing. as they enable us to carry out independent, intentional and self-directed
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behaviour” (Martin et al., 2020, p.8). Authors such as Guzmin et al. (2017)
state that digital resources open up a world of possibilities for working on the
executive functions. The utilization of apps has therefore emerged as an interest-
ing option, since it combines exercises for memory. organization and attention,
along with entertainment and recreational activities.

The enjoyment of free time, in terms of leisure and entertainment, is vital for
any person. Hence CeRMi (Spanish Committee of Representatives of Persons
with Disabilities) declares that:

[...] leisure is a fundamental right that enables the personal and social
development of people and which nobody should be deprived of because
of disability. It is an essential medium for attaining emotional well-being,
developing interpersonal relations and promoting the inclusion of people
with disabilities. (2018, p.2)

Hence providing digital options to children and adolescents with autism rep-
resents an interesting and encouraging step forward for them. Along these lines,
Villén (2017) describes the experience undertaken by including the videogame
Minecraft as “an inclusive leisure alternative for people with ASD” (p. 13).

Therefore, having reviewed the literature. we can see how there is an abun-
dance of studies focused on the benefits of ICT and. more specifically, on the
values that apps have in the development of children with autism. Considering
that these technological options are presented as groundbreaking and motivating
support resources for the teaching-learning process, therapy and skill develop-
ment, it would be interesting and worthwhile to find out precisely what apps are
being offered to this community, what content they work on and their quality.
This would help to guide and structure teaching and/or psychopedagogical inter-
ventions toward specific goals with certain guarantees for success.

A simple search of the app catalogue produces hundreds of apps for people
with autism, but no prior knowledge or clue as to their purpose. According to
the review of studies based on apps and autism. there has been no scientific
undertaking to evaluate apps specifically for this community, nor has there been
an analysis of all the free apps for Android available in the Google Play Store.
We therefore intend to discover and recount the number of previous apps and
assess their quality and variety. Consequently. this study has the following aims:

I. To discover and calculate the number. variety and quality of apps specifically
created for children with autism that exist and are available for Android.

2. To evaluate the different free apps for children with autism available on Google
Play Store according to predetermined criteria of quality.

3. To offer a list of apps by area of focus for children and adolescents with autism,
in order to recommend their use according to the user’s need.

4. To determine which are the most specialized and which the most multifaceted
apps for education and intervention with children with autism.
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2 Method
2.1 Sample

For the analysis of the apps aimed at children and teenagers with autism, the Google
Play Store search engine, available on mobile devices with the Android operating
system, was taken as the starting point. The use of app stores for the development
of research is a highly utilized resource in the international literature, and is relied
upon by a range of researchers. Previous studies (Cayton et al., 2015: Comin, 2015:
Crescenzi et al., 2019; Fage et al., 2018; Garcia et al.. 2016) have used app stores
because they are the most popular and safest platforms for finding and downloading
apps. Furthermore, the professionals and families of people with autism rely upon
app stores to search for, download. install and later update these apps.

The sample comprised 155 free apps. The search terms “autismo”, in Spanish,
and “autism”, in English. were used, thus covering the greatest number of apps in
both languages. In the results section, each app appears with its name in the origi-
nal language. The search was refined using rigorous pre-established exclusion crite-
ria, which were: apps without any connection to autism: apps aimed at families or
autism specialists but not specifically for people with this condition: apps with mal-
functions or device incompatibilities; or apps repeated in both searches. Given the
high number of apps for children with and without autism, we have only assessed
those that include the keyword “autism” in their description.

2.2 Instrument

For the app evaluation, we used a “System of Indicators and Instrument for the
Assessment and Selection of Apps for People with ASD”, previously designed and
validated by Gallardo-Montes et al. (2021c). The use of an indicator system makes
it possible to evaluate in a tangible way the services offered by. in this case. the apps
available on the Google Play Store. The aspects evaluated were governed by the cri-
teria of what was necessary for an app aimed at children with autism. The proposed
indicators were developed and analysed in depth from a psychopedagogical point of
view, in accordance with previous studies focused on app evaluation (Araujo et al.,
2007: Belloch, 2006: Cayton et al., 2015; Crescenzi & Grané, 2016; Crescenzi et al.,
2019: Garcia-Rodriguez & Gomez-Diaz, 2015: Fage et al.. 2018: Larco et al., 2018).
This instrument evaluated three dimensions of the apps (Table 3):

Table 3 Dimensions evaluated in the apps and indicators assessed

Dimension Indicators
D1: Design/Form Availability. Ergonomics, Usability, Popularity, Accessibility.
D2: Content Audio quality, Narration quality. Content, Notifications, Help/tutorials. Safety.

D3: Pedagogical aspects  Interactivity. Suitability of pace and learning, Feedback/assessment.
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The indicator system was made up of 14 items, which were in turn divided into
46 sub-indicators, depending on the dimension. The instruments gave a final score,
which allowed us to rank each app as: highly recommendable/Group 1 (=37 points):
recommendable/Group 2 (36-23 points): or not recommendable/Group 3 (<22
points). The indicator system was positively assessed by a total of twelve judges with
extensive experience in the education and technology field. The system obtained
excellent Intraclass Correlation coefficients (ICC) (ICCp;=.955. ICCp,=.973 and
ICCp;=.966) and significant and strong Kendall’s W inter-rater concordance (.757
and 1.00, p<0.001). With a very high Cronbach’s alpha coefficient (ap,=.955. de
ap>=.973 y ap,=.966), this was a valid and reliable instrument.

2.3 Procedure

In order to proceed to evaluate each app, we used a conventional smartphone con-
nected through AC Wi-Fi at a speed of 600 Mb/s, to prevent any alterations and to
be able to make an assessment under equal conditions. Each app was installed on the
device for two weeks and assessed progressively and thoroughly according to the
indicator system, marking the presence or absence of each indicator and sub-indi-
cator. Likewise, the area that each app worked on was indicated (communication,
language. emotions, basic instrumental skills, executive functions and time manage-
ment). The evaluation took place during the first quarter of 2019.

2.4 Design and data analysis

The study followed a quantitative design. taking the basic. non-experimental, simple
descriptive and cross-sectional approach.

The analysis and evaluation of apps were recorded using Microsoft Office Excel
2016, indicating the area or areas they addressed (communication, language. emo-
tions, basic instrumental skills, executive functions and time management) and
writing | or 0 in each cell depending on the attainment or not, respectively. of the
proposed indicator. Then the data were analysed with the SPSS statistical pack-
age version 25.0, with a margin of error of 5% and a reliability level of 95%. First,
descriptive analysis (mean and standard deviation) was performed, as well as fre-
quencies to find out the distribution by group, according to the quality of the apps
evaluated, to determine which area(s) each app addressed. and to establish which
area(s) was addressed the most and the least. Second. for the comparison between
three groups of apps the univariate ANOVA - given the normality and homoske-
dasticity of the data - was used with the Bonferroni multiple comparisons test to
define the groups in which significant differences were observed and Eta squared
for estimations of the effect size. Third. to determine whether the quality of the apps
depended on the areas they addressed. the chi-squared non-parametric test was used
- given non-normality and homoskedasticity of the data. Finally, Pearson’s correla-
tion coefficient was calculated to establish the possible relations between the dimen-
sions analysed. and between the different areas addressed by the apps.
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3 Results

The distribution of the apps by groups was as follows: 9.03% (n= 14) attained the
assessment for Group 1 (highly recommendable). 85.16% (n=132) for Group 2
(recommendable); and 5.81% (n=9) for Group 3 (not recommendable). Each app
was examined to find out which area of work it developed.

Of the 155 apps analysed. only 1.94% (n=3) focused exclusively on one single
area: “Nursery rhiymes songs & kids puzzle games free”. “Relax melodies: suefio
v voga” and “The sensory processing game-autism & spd free”. which shows the
lack of specialization of the apps as a whole. These three include content linked to
leisure and entertainment and belong to Group 2, Recommendable apps. In contrast,
most apps (98.06%, n = 152) work on more than one area simultaneously. although
none of the apps dealt with all seven proposed areas simultaneously, suggesting
the need for combinations. There were four apps (2.58%) that tackled the highest
number (six) of areas simultaneously: “LEA Lecto escritura para autismo”, “Autas-
tico” (both in Group 1), “SocialSkills for Autism Kloog 2" and “Tealite app” (both
in Group 2). Eleven apps (7.10%) exercised five areas at the same time, including
“Otsimo”, which obtained the highest overall score, while 20.65% (n=32) dealt
with four areas at a time. including the high-scoring “#Soyvisual”. Finally, 44.52%
(n=69) handled three areas: and 17.42% (n=27) involved two.

The area that was most present in the apps was communication (Table 4),
appearing in 72 (46.45%): ten belonging to Group | (Highly Recommendable). 58
apps to Group 2 (Recommendable), and only 4 apps to Group 3 (Not Recommend-
able). In the area of language (Table 4), 91 apps (58.71%), of which 12 belong to
Group 1 (Highly Recommendable), 75 apps to Group 2 (Recommendable), and
4 apps to Group 3 (Not Recommendable). Concerning the area of the emotions
(Table 4). we found 24 apps (15.48%): only six belonging to Group 1 (Highly
Recommendable), 18 apps to Group 2 (Recommendable). and none to Group 3
(Not Recommendable). These three areas present a direct relation with social
interaction and, therefore, with ToM. and so we have shown the results jointly
(Table 4). given the need to promote these areas simultaneously.

With regard to time management (Table 5). 11.61% (n= 18) of the apps worked
on this area: just one app belonged to Group | (Highly Recommendable), 15 to
Group 2 (Recommendable), and two to Group 3 (Not Recommendable).

In the area of instrumental skills (Table 6). we found 63 apps (40.65%). of
which eight were included in Group | (Highly Recommendable), 53 in Group 2
(Recommendable), and only two in Group 3 (Nor Recommendable).

In the area of executive functions (Table 7), 148 apps were found (95.48%). of
which 14 belonged to Group 1 (Highly Recommendable). 128 to Group 2 (Recom-
mendable). and six to Group 3 (Not Recommendable).

Lastly, in the area of leisure and entertainment (Table 8), 82 apps were found
(52.90%), of which eight were in Group 1 (Highly Recommendable). 72 in Group
2 (Recommendable). and only two in Group 3 (Not Recommendable).

We can therefore state that the area of executive functions features most in
the apps (n= 148), followed by the area related to language (n=91), then leisure

@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 103



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

X X (4 6C P uSSTUIL OWSANY LL X X (7 93 Suipeas [ensiA 9z

X X (4 6T “FO[OU0] FINAMO)) YL X X (4 93 [P WIST] "7

X (4 0€ A PLISNO I SL X X < 93 [Endsoy 02° 1A 47

X X (7 0% qierdipH L X X (4 43 “wanbiunwo ) g7

X (4 0¢ U PESPIOM UONDY ‘gL X X (4 Y3 WYY, TT

X (4 0¢ 02 puade Sppng-zL X X T 93 soad epafoad "1z

X (4 0% WSy *1L X (4 13 M| SEIOUAVST OT

X X (4 13 eI 9p AvA [5°0L X X (4 St puade o 6]
X X X [/ 1€ vyumbenepy ‘69 X X X (4 9¢ e S[E[F00S R
X (4 3 30 spuaade {ppng g9 X X (7 9¢ 1sqniq paxds oLy

X X (4 13 sysewRFontd L9 X (4 9¢ ‘Taepoosaard 91

X ( 1€ u spuzudv Sppng 99 X X X [/ 9¢ SIS V1208 ST

¥ X X (4 Ie M VAV 'S9 X X (4 9¢ YV MECQY ]
X X X ré e Fuuma| uono s o X X z Q¢ DOW01014 €1
X X z 1€ Y aoap easpuad y gy X X I I3 SPIROQUILIO ) T |

X ré ¢ Ny asmnysm ug g9 X X X | LE o8 .z.ozc_ 20uWg 11

X (4 e FRHP LISANY *[9 X X I LE ez eideia g g

X X < 13 opdenic g9 X X X I Lt 0ONSEINY *6

X X (4 e AI¥1 80197 °6S X X X I LE Va8

X X z e QU0 A1 RS X X X I LE OUIZ YN L

X ( 43 joundsa wppuaidy *Lg X X I LE S2NPAY [ENSIA "9

X X (4 43 FUISHNE S[|NS[EI0S "9 X X I 8¢ yeoquiss °g
X X v 43 10p3|0 [ 'S X X I 8¢ vd) F

X (4 43 ‘tsodonl1e[o0sald ps X X I 6¢ U] PUB 9| LUS *¢

X (4 (43 Jui soum zapAY ¢S X X I ot ownsiQ) g

X (4 a3 WSLIE 9PE[ 7§ X X I o [erstafosy |

3| 4 | ) ) SL dde a1 j0 auey q 1 3] ) SL deke 5111 jo aumpy

(suonow? pue afenFue] ‘vorEamuUIUod) puipy jo Qo |, a1 uo pxnoo) sddy  yajqey

@ Springer

104

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

X £ 91 anf aadpag wstny *1p X X 4 it diag owstny -gg

X £ 91 B AEPULUL WSHINY *(0] X (4 43 syser e eh

X X £ 61 1oud yEnanp yeads 66 X X (s 43 SYSTWRITOL] g

X X £ 6l wdbsnny ‘g6 X [/ €€ onpa sealm i

X X 3 ra/ adornd smesonyid L6 X z £ B € R 9P

X ré ¥ Phirow HdodO 96 X X Z I diag wsiny sp

X X Z v owsnm - ddeiny 'gg X Z I e mjoosasid pp
X X (4 e PIIQ ONSINY *pG X (4 £e AHOLD 01UGe) ¢

X X (4 ST @OO1 AW O1Y[BL €6 X X X (# 13 dde supmay 7

X X [/ ST d wpuaiv Avpianad ‘76 X X X z £ Aedowrsy g

X z 9z v v dde poadg 16 X X (4 €€ yE1un > op

X X z 9 1P 0FA (106 X X é £ e X °6E

X X (4 i paead ) 68 X (é 3 BI0H 8¢

X X [/ LT yoeads uonwnonsy gy X z e ORGEJ[E OUIN LE

X X X (4 8T A WO MESINU0 ) LY X (/ b UDSD OIXEI Y "9€
X X (4 8T AIBIGE 98 X X z 23 wed seiqeed S

X X z 8T saumoid Sury vy, "¢y X X (s 23 wopy jdn ey pe

X X [/ 8T epuafetiRFolnty "y X X (4 e IVY OOTH91°€€

X (4 8T 4y o1uged sepuaidy g X X z b e s sodaTe

X X z 8T an OV aforei 78 X X z pe ournny *|g

X X z 8T YIEL PN I8 X X (4 te v2101014 "0€

X X (4 6T A1 PIUPoOIdL *O8 X X (4 b 12100801462

X ré 62 Jaun - wsnnepddy 6L X X (4 N3 70A AUIBISY QT

X X T 62 e saamoxd Sunyjeg, gL X X z 43 WOIP VEY LT

q 1 ) ) SL deke oy jo xueN q 1 2y ) SL ddde a1 jo aumy

(paowtnod) pajqel

@ Springer

105

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

@
-
&
-
&
w
=
A
-
=
L
=
X
Z
=

o

. S

o | =

=

=

=

=

(&3]

|

@

M

%

=

3

0

3

=

~

i

-

=

=

=

O S

3

-3

B

£

3

£

Cleu | 8

o

il

N~

v ol =

= | 53

)

o=

o

— |

2 S

- S 52

(= = U

o =

- | ¥ ij. [

slzlzg| &

ZI=|=|=

b = S

a2
U E

B A

&l > | ™= <

- | Z wy ~

@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 106



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

Table 5 Apps focused on time management

Name of the app TS G Name of the app TS G
1. Visual schedules social stor. 37 l 10. I’'m on it focus timer 29 2
2. Lista visual - visual schedule 35 2 11. Pictogramagenda 28 2
3. Tempus 33 2 12. Conversation therapy lite 28 2
4. Social skills for autism 3 32 2 13. Upcard 27 2
5. Proyect@ habilidades 31 2 14. Petterday agenda pictogramas 25 2
6. On tasktimer-utism timer 31 2 15. Kids timer 25 2
7. Aprender a decir la hora 31 2 16. Temporizador para nifios timer 25 2
8. Children countdown timer 29 2 17. In2token (Autism Token Boa.) 20 3
9. App4Autism timer, visual 29 2 18. Visual time timer 19 3

TS=Total score; G = Group

and entertainment in third (n=82). communication in fourth (n=72), and basic
instrumental skills in fifth (n=63). The areas dealt with the least were the emo-
tions (n=24) and time management (n= 18). From these frequencies. illustrated
in Fig. 1. we can infer the needs of apps for users with ASD.

Additionally, the average quality of the apps can be affirmed as “Recommenda-
ble” (x = 2.03, 85.16%) (Fig. 2). They did not attain the utmost quality of “Highly
Recommendable” (only 9.03%). but neither did they fall into the worst category,
with only 5.81% forming the “Not Recommendable” group.

Differences were found regarding the above app rating by groups (1. 2 and
3). according to the ANOVA calculation (F (2)=61.20). which produced signifi-
cant differences (p=.000) with a medium effect size (4°=.45). The differences
were significant between all the groups, as the Bonferroni post-hoc tests showed
(p=.000 in all cases), showing heterogeneous subsets. Therefore. not all the apps
are valid: users should choose them carefully.

Regarding the evaluation by dimension, only dimensions 2 (on “content™) and
3 (on “pedagogical aspects”) were matched, with a notable correlation, direct
(r=.57) and significant (p=.000). In contrast. the relation of these dimensions
with dimension 1 (on “design and form”) was low (rpy, p,=.21. p=.008 and
rprp3=-17. p=.031).

The quality of the apps does not depend on the areas they work on, as dem-
onstrated by the Chi-squared test (y°=5.56: p=.011), thus accepting the null
hypothesis of no relationship between evaluations of the apps. In other words,
apps of different quality can be found in every area, meaning that they should be
evaluated before being employed in any particular area.

Furthermore. the apps analysed are clearly oriented toward certain areas. They
are not comprehensive. thus adding to the aforementioned requirement the need
for each user to have a clear work objective before arbitrarily using the apps.
Indeed. of all the areas observed in the apps. only “communication™ and “lan-
guage” have a direct and significant relationship (r=.52, p=.000), while “lei-
sure” and “instrumental skills” are indirectly and significantly related (r=.47,
p=.000).

@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 107



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

Table 6 Apps focused on basic instrumental skills

Name of the app TS G Name of the app TS G
1. #Soyvisual 40 | 33. Tarjetas educativas espanol 33 2
2. Otsimo 40 1 34. Autismo lee y escribe gratis 32 2
3.MITA 39 1 35. Jade autism 32 2
4. Smile and Learn 39 l 36. Nifio juego de memoria alim. 32 2
5.LEA Lecto escritura 37 1 37. Games for kids sea animals 32 2
6. Autastico 37 I 38. Ajedrez nifios infantil gratis 32 2
7. Juegos de niftos para bebes 37 1 39. Rompecabezas de nifios din. 32 2
8. Terapia z tabletem 37 1 40. Baby piano games & music 32 2
9. SocialSkills Autism Kloog 2 36 2 41. Aprender espafiol para niflos 32 2
10. Preescolar juegos en espai. 36 2 42. Aprender a decir la hora 31 2
11. Isecuencias lite 35 2 43. Buddy aprende los numeros 31 2
12. Visual Reading educacion 35 2 44. Buddy aprende las formas 31 2
13. Rompecabezas puzzingo 35 2 45. Buddy aprende los colores 30 2
14. Nifios de dibujo animado 35 2 46. Autism speech sequencing 30 .
15. Animals puzzle for kids 35 2 47. Kids puzzle car & vechicles 30 2
16. Fotos de animales romp. 35 2 48. Vehicles puzzle for kids 30 2
17. Vechicles puzzle for kids p. 35 2 49. MouseTrial Lite 30 2
18. ABA DrOmnibus for Par. 35 2 50. Conciencia fonologica 29 2
19. Rompecabezas dinosaurios 34 2 51. Autismo imagen discusion 29 2
20. Palabras para niflos 34 2 52. Autsim exit va 29 2
21. Alfabeto escrito ABC 123 34 2 53. Romp. niftos-habilidades m. 29 2
22. Animal rompecabezas 34 2 54. Aprender cabrito fruta 28 2
23. De suma y resta nifios 34 2 55. Games for kids wild animals 28 2
24. Nino alfabeto de aprendizae 34 2 56. Puzzles de animales para niftos 28 2
25. Gratis niflos juego de puzzie 34 2 57. Games for kids retro cars 27 2
26. ABC Autismo 33 2 58. Special app CAA 26 2
27. Tealite app 33 2 59. Puzzles de frutas para nifos 25 2
28. Nifo conectar los puntos 33 2 60. Focus 25 2
29. Cabrito juego de ortografia 33 2 61. Games for kids modern cars 23 2
30. Preescolar aprende numeros 33 2 62. Autismcpm 19 3
31. Dinosaurios rompecabezas 33 2 63. Autism mindawakener 16 3
32. Letra a letra - deletrear 33 2

TS8=Total score: G = Group

4 Discussion and conclusions

Smartphones and tablets are used frequently in the teaching-learning process. in
therapy and in the family context of children and adolescents with autism. The
use of electronic devices is an encouraging and attractive option for children with
autism, due to the auditory and visual format that they often offer. Faced with
the imminent technological proliferation of content addressed to minors with this
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Table 7 Apps focused on executive functions

Name of the app TS G Name of the app TS G
1. #Soyvisual 40 I 75. Social skills for autism 3 Kloogs 32 2
2. Otsimo 40 1 76. Baby piano games & music 32 2
3. MITA 39 1 77. Aprender espanol para nifios 32 2
4. Smile and Learn 39 1 78. Picto one 31 2
5.CPA 38 1 79. Let us talk 31 2
6. SymbdTalk - AAC Talker 38 1 80. Dictapicto 31 2
7. Visual schedules and social 37 1 81. Autism disease 31 2
8. Michelzhino- emogoes 37 1 82. Proyect@ habilidades 31 2
9. LEA Lecto escritura 37 1 83. On tasktimer-utism timer 31 2
10. Autastico 37 1 84. Aprender a decir la hora 31 2
11. Juegos de nifos para beb. 37 1 85. Emotion kearning for autistic 31 2
12. Terapia z tabletem 37 1 86. ABA kit 31 2
13. Emociones, sentimientos 37 1 87. Buddy aprende los numeros 31 2
14. CommB oards- gratis 37 1 88. Pictogramas.es 31 2
15. Proyecto emociones 36 2 89. Buddy aprende las formas 31 2
16. Aboard CAA 36 2 90. Matraguinha 31 2
17. SocialSkills Autism 2 36 2 91. El viaje de Elisa 3l 2
18. Preescolar juegosen esp. 36 2 92. Autism 30 2
19. Quien es quien 36 2 93. Buddy aprende los colores 30 2
20. Speech Blubs: Language 36 2 94. Autism speech sequencing zapps 30 2
21. SocialSkills for Autism 36 2 95. Kids puzzle car & vechicles 30 2
22. Jose aprende 35 2 96. Vehicles puzzle for kids 30 2
23. Isecuencias lite 35 2 97. Action Words: 3D Animated 30 2
24. Proyecta PECS 35 2 98. Help talk 30 2
25. Teacch.me 35 2 99. MouseTrial Lite 30 2
26. Comuniquemonos 35 2 100. Conciencia fonologica 29 2
27. Vi.co hospital lite 35 2 101. Autismo imagen discusion 29 2
28. Lista visual - visual 35 2 102. Autsimexit vn 29 2
29. Visual Reading educacion 35 2 103. Talking pictures autism pc 29 2
30. Rompecabezas puzzingo 35 2 104. Children countdown timer 29 2
31. Niftos de dibujo animado 35 2 105. Rompecabezas niflos hab. 29 2
32. Animals puzzle for kids 35 2 106. App4Autism - timer, visual 29 2
33. Fotos de animales romp. 35 2 107. I’'m on it: focus timer 29 2
34. Vechicles puzzle for kids 35 2 108. Pictodroid lie 29 2
35. ABA DrOmnibus for Par. 35 2 109. Preschool bus driver toddler 29 2
36. Asisiente de voz AAC 35 2 110. Niki Talk 28 2
37. Proyecto Retratos 34 2 111. Dialogo AAC Lite Autism 28 2
38. Pictotea 34 2 112. Aprendizaje sensorial de niftos 28 2
39. Autimo 34 2 113. Sonidos animales para nifios 28 2
40. Diegosays autismo habla 34 2 114. Piano para bebés: juego 28 2
41.Leeloo AAC - Autism 34 2 115. Dibujos de arena - sand draw 28 2
42. Talk up! communicator 34 2 116. Aprender cabrito fruta 28 2
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Table 7 (continued)

Name of the app TS G Name of the app TS G
43. Rompecabezas de din. 34 2 117. Games for kids wild animals 28 2
44. Palabras para nifos 4 2 118. Puzzles de animales para nifios 28 2
45. Alfabeto escrito ABC 123 34 2 119. Sensory baby: games for babies 28 2
46. Animal rompecabezas b. 34 2 120. Pictogramagenda 28 2
47.De suma y resta nifios 34 2 121. Talking pictures: autism, cp 28 2
48. Nifio alfabeto 34 2 122. Jabtalk 28 2
49. Horsy 34 2 123. Conversation therapy lite 28 2
50. Gratis nifios juego 34 2 124. Kids tap and color (lite) 28 2
51. ABC Autismo 33 2 125. Games for kids retro cars 27 2
52. Tempus 33 2 126. Articulation speech theraphy 27 2
53. Letmetalk 33 2 127. Upcard 27 2
54. Emoplay 33 2 128. Special app CAA 26 2
55. Tealite app 33 2 129. Petterday agenda pictogramas 25 2
56. Nifto conectar los puntos 33 2 130. Puzzles de frutas para nifos 25 2
57. Cabrito juego de ortogr. 33 2 131. Talk to me 100@® Lite - Autism 25 2
58. Preescolar aprende num. 33 2 132. Kids timer 25 2
59. Dinosaurios rompec. 33 2 133. Focus 25 2
60. Autism help 33 2 134. Temporizador para niflos 25 2
61. Letra a letra - deletrear 33 2 135. Comunicatea hus/surestea 24 2
62. Tarjetas educativas 33 2 136. AutApp - Autismo 24 2
63. Pictogramas es 32 2 137. lopopu Monya: ayrusm LTI 24 2
64. Daily tasks 32 2 138. Autistic bird 24 2
65. Autismo help 32 2 139. Autism sensory images 24 2
66. Autismo lee y escribe 32 2 140. Games for kids modern cars 23 2
67. Jade autism 32 2 141. Sensory 23 2
68. Puzzles para nifos preesc. 32 2 142. Pensar e facer 22 3
69. Nifto juego de memoria 32 2 143. Piktosaac pictogramas autismo 22 3
70. Games for kids sea 32 2 144. In2token (Autism Token B.) 20 3
71. Ajedrez nifios infantil 32 2 145. Visual time timer 19 3
72. Preescolar juegos infant. 32 2 146. Speak through Pictures-Autism 19 3
73. Rompecabezas de nifios 32 2 147. Autism mindawakener 16 3
74.El Oledor 32 2 148. Autism helper lite 16 3

TS =Twal Score; G=Group

disorder, it was necessary to analyse what is really being offered to this group,
since many professionals and families use devices of this kind on a daily basis
and they depend upon the apps to foster the development of deficient skills (com-
munication, emotions. time management. basic instrumental skills, executive
functions and leisure/entertainment).
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Table 8 Apps focused on leisure and entertainment

Name of the app TS G Name of the app TS G
1. Otsimo 40 1 42.El Oledor 32 2
2. MITA 39 | 43. Social skills for autism 3 Kloogs 32 2
3. Smike and Learn 39 1 44. Baby piano games & music 32 2
4. LEA Lecto escritura 37 1 45. Aprender espaftol para nifios Cog. 32 2
5. Autastico 37 1 46. Buddy aprende los numeros 31 2
6. Juegos de nifios bebes 37 1 47. Buddy aprende las formas 31 2
7. Terapia z tabletem 37 1 48. El viaje de Elisa 31 2
8. Emociones, sentimientos 37 1 49. Buddy aprende los colores 30 2
9. Proyecto emociones 36 2 50. Autism speech sequencing zapps 30 2
10. SocialSkills Autism 2 36 2 51. Kids puzzle car & vechiclkes 30 2
11. Preescolar juegos esp. 36 2 52. Vehicles puzzle for kids 30 2
12. Quien es quien 36 2 53. Action Words: 3D Animated 30 2
13. Speech Blubs: Lang. 36 2 5. MouseTrial Lite 30 2
14. SocialSkills for Autism 36 2 55. Conciencia fonologica 29 2
15. Isecuencias lite 35 2 56. Autismo imagen discusion 29 2
16. Rompecabezas puzz. 35 2 57. Autsim exit vn 29 2
17. Nifios de dibujo anim. 35 2 58. Rompecabezas niftos-habilidades 29 2
18. Animals puzzle 35 2 59. Preschool bus driver toddler g. 29 2
19. Fotos de animales 35 2 60. Relax melodies: suefio y yoga 29 2
20. Vechicles puzzle 35 2 61. Aprendizaje sensorial de nifos 28 2
21. ABA DrOmnibus par. 35 2 62. Sonidos animales para nifios 28 2
22. Rompecabezas de din 34 2 63. Piano para bebés: juego 28 2
23. Alfabeto escrito ABC 34 2 64. Dibujos de arena - sand draw 28 2
24. Animal rompecabezas 34 2 65. Aprender cabrito fruta 28 2
25. Horsy 34 2 66. Games for kids wild animals 28 2
26. Gratis niftos juego 34 2 67. Puzzles de animales para niflos 28 2
27. Tealite app 33 2 68. Sensory baby: games for babies 28 2
28. Nifto conectar los puntos 33 2 69. Kids tap and color (lite) 28 2
29. Cabrito juego de ortogr. 33 2 70. Games for kids retro cars puzzles 27 2
30. Preescolar aprende num. 33 2 71. The sensory processing game 26 2
31. Dincsaurios romp. 33 2 72. Puzzles de frutas para nifos 25 2
32. Autism help 33 2 73. Focus 25 2
33. Tarjetas educativas 33 2 74. AutApp - Autismo 24 2
3. Nursery rhymes songs 33 2 75. Autistic bird 24 2
35. Pictogramas es 32 2 76. Autism sensory images 24 2
36. Puzzles para niflos romp. 32 2 77. Games for kids modern cars 23 2
37. Nifo juego de memoria 32 2 78. Sensory 23 2
38. Games for kids sea 32 2 79. Fidget Stress buster 23 2
39. Ajedrez nifios infantil 32 2 80. Pensar e facer 22 3
40. Preescolar juegos infant. 32 2 81._good_Fidget_Spinner_5891977 21 3
41. Rompecabezas de nif. 32 2 82. Autism mindawakener 16 3
TS=Total Score; G= Group
@_ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 111



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

mExecutive functions
mlLanguage

MLeisure and entertainment
mComunication

mBasic instrumental skills
mEmotions
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Fig.1 Freguency of apps that present each of the areas worked on
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recommendable

Not
recommendable

/. \
A \

“Recommendable

Fig.2 Rating of the apps overall, assessed for autism

The evaluation of apps for children and adolescents with autism requires in-
depth analysis that examines content, design and pedagogical aspects, scrutiniz-
ing each app’s peculiarities. which should be in keeping with the user’s needs.

These days. accessing apps is relatively simple. but selecting which best fit
the user’s characteristics and needs is not. particularly for families. As Xantho-
poulou et al. (2019) and Hanna et al. (2021) point out. no guidance exists for the
selection and use of apps. This study will therefore facilitate this selection. since
despite specifying a great variety of apps. it clearly shows which areas each one
addresses and their overall quality. helping to make searching simpler and more
intuitive, and increasing the possibility of finding the required content quickly.
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In general terms, the results obtained with this evaluation are encouraging. given
the heterogeneity of the apps and the variety of different designs observed. Few apps
have obtained an assessment of “not recommendable”. since most apps were found
in the “recommendable” group, with an average quality — as Hanna et al. (2021) also
found in their study — but with potential for improvement in terms of quality. design.
pedagogic aspects and content aimed at children and adolescents with autism. Fur-
thermore, these results are in agreement with the findings of Dattolo and Luccio
(2017) and Lian and Sunar (2021), which show that the design and content could be
improved, as they were not wholly adapted to the needs and characteristics of people
with ASD.

The study revealed the large variety of apps and the enormity of content they
offer. Nonetheless, we can highlight several aspects. The apps that based their con-
tent on the development of executive functions were the most numerous, being pre-
sent in 148 apps. This shows current knowledge on the need to promote this area
from an early age and throughout the person with autism’s development, which
authors such as Guzman et al. (2017) and Peirats et al. (2019) highlight in their stud-
ies. Of these 148 apps. only 8 have scientific evidence on the improvements pro-
duced in the area of the executive functions in users (Aguilar-Velazquez et al., 2020
Jiménez et al., 2017: Sung, 2018: Vyshedskiy et al., 2020): “MITA”, “CPA” and
“LEA Lecto escritura para autismo™ from the “highly recommendable” group. and
“SocialSkills for Autism Kloog 27, “LetMeTalk”, “Autism help”, “Pictodroid lite”
and “Niki Talk” from the “recommendable” group. Studies such as that by Teix-
eira and Cunha (2019) also show progress in the increase in attention and behaviour
through the use of the app “723 Autismo”. which was not included in this study.

The apps linked to ToM were highly represented (n =101), showing an average
quality. whereas in the study by Crespo and Martin (2018) they were considered
optimal for children with autism. Along the same lines, Adamu et al. (2019) show
that the apps addressing communication had interfaces that were tied to the child’s
characteristics. Previous studies indicate progress in the prerequisites of language,
communicative intent and behaviour through the use of the apps “CPA™ and “LEA
Lecto escritura para autismo” (both “highly recommendable™), and “LetMeTalk”,
“Autism help” “Pictodroid Lite” and “Niki Talk” (from the “recommendable”
group) (Aguilar-Velazquez et al., 2020; Jiménez et al.. 2017; Sung, 2018). Lazaro-
Cantabrana et al. (2019) show improvements in the understanding of information,
and capacity for expression and communication through the app “SOS TEA”, which
was not analysed in this study. However. the apps that focused on the development of
emotions were not predominant in the app catalogue. They mostly fell into the “rec-
ommendable™ group. and none were “not recommendable”. The imbalance between
these apps and the rest was striking. Despite this, the apps available did not obtain
bad scores or evaluations. Indeed. authors such as Matey (2017) and Gonzalez et al.
(2016) highlight the encouraging results from the use of mobile apps linked to the
emotional sphere.

Likewise, with time management, wherein most of the apps addressing it attained
a recommendable rating. It seems curious that aspects connected to ToM (Premack
& Woodruff, 1978). such as the emotions and time management. routine establish-
ment and task organization, appear so infrequently compared to the rest of the app

@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 113



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

catalogue. These areas should be fostered from an early age. given that they are nec-
essary for social interaction itself. Although their number is few, it is encouraging
that these apps obtained a good assessment, and can be used effectively and success-
fully by families, teachers and autism specialists.

The development of basic instrumental skills was included in 63 of the apps
assessed. and this was one of the aspects utilized in previous studies. with ben-
efits gained from their use. Examples of these include “MITA”. rated as “highly
recommendable” (Vyshedskiy et al. 2020); “"LEA Lecto escritura para autismo”,
also “highly recommendable” (Aguilar-Velazquez et al., 2020): and “SocialSkills
for Autism Kloog 2", assessed as “recommendable” (Sung, 2018). Other studies,
such as those by Teixeira and Cunha (2019) with the app “723 Autism”. Sweidan
et al. (2019) with “Autistic Innovate Assistant (AIA)”, and Lazaro-Cantabrana et al.
(2019) with the app “SOS TEA™ (not evaluated here), also show successful results
in the development of the basic instrumental skills, with progress in mathematical,
linguistic and communicative skills.

Regarding the apps for leisure and entertainment. we observe an increase in their
presence in the digital app market. in contrast to the study by Crespo and Martin
(2018), who report their limited presence and lack of representation, and call for
research and development in this area. However, we have not found any scientific
evidence on the use of apps for the enjoyment of leisure and free time in children
with autism.

Most apps did not focus on one single area. as in the study by Crespo and Martin
(2018). making them more functional and multifaceted, but. consequently, not spe-
cialized. The two apps with the highest ratings, “#Soyvisual” and “Otsimo”. work,
respectively, on four and five areas simultaneously, which means that with a single
app different areas are addressed. with content, design and pedagogical approach
of quality. Other apps, also high-scoring. included even more areas in their content,
such as “LEA Lecto escritura para autismo” and “Autastico™ (both rated as highly
recommendable). and “SocialSkills for Autism Kloog 2" o “Tealite app” (both rec-
ommendable). The quality of the apps did not depend on the areas they worked on,
and so we must not assume that all apps are equal; not all apps are valid and they
should be chosen with care. The use made of the apps will depend on the aims set by
teachers, specialists, and families, as well as on the activity, the content sought and
the characteristics of the users.

As was to be expected. the apps that revolve around the area of communication
and language revealed a direct relationship. These areas have a strong connection in
human interaction, since even though communication encompasses a broad spec-
trum of expressions (eye contact, gestures, etc.), the presence of a functional lan-
guage gives it value and meaning. These aspects can be observed in Jiménez et al.
(2017): after using mobile devices for this purpose. the communicative processes
and language production increased. As has been seen, many apps worked on both
topics jointly, and different forms of task and content can be found, depending on
the developmental stage of the child or the context in which learning is managed and
undertaken.

The purpose of any proper intervention should be aimed at the comprehensive
development of the person with autism. Thus, as has been evident throughout the
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study. the apps are set up as a constantly changing and updated resource. according
to the needs and requirements of the educational system and the practices involved
in psychopedagogical intervention. In turn, given the active participation of the fam-
ily as essential actors in the raising and development of the child with autism, ICT
resources such as apps are available to everyone who wishes to make use of them.
Times have changed, and with them the way that families help and provide resources
to their children. The content of apps not only aims to provide accessibility to people
with functional diversity, but also include tutorials and instructions for family mem-
bers, with intuitive and easy-to-manage designs. However, in the apps specifically
for children with autism. these tools were only found in a minority (written tutorials:
24.5%. n = 38: audio tutorials: 9.03%. n = 14). This lack was also noted by Cayton
et al. (2015) and Hanna et al. (2021), the latter stating that contents need to be pre-
sented to families in a clear way in order for the orientation and guided use with
family members with ASD to be successful.

It was clear. from the analysis undertaken. that when an app is being designed for
children with autism, the specialist teams (educators and programmers) need to work
together from the beginning of the process to agree on the specific requirements of
this group and the options an app can offer. and. when possible. to seek input from
the children and teenagers with autism themselves (Fletcher-Watson et al., 2016), or
at least with their carers. to ensure that the content is appropriate. As we have seen,
there was little relation between the “design/form”™ dimension and the “content” and
“pedagogical aspects” dimensions. This lack of relation could cause dissatisfaction
for everyone involved, but particularly among users. In order to overcome difficul-
ties and obstacles. consideration should be given to the Web Content Accessibility
Guidelines (WCAG) proposed by the World Wide Web. known as W3C (Lawton,
2005). Close collaboration between teams is also essential to produce better app
functionality. Previous studies, such as Sofianet al. (2016, 2018), Sanroma-Giménez
et al. (2021) and Gallardo-Montes et al. (2021b), argue precisely for the attention
that should be given to the criteria linked to an app’s appearance. its usability. acces-
sibility and its pedagogical aspects. The criteria considered in the three dimensions
mentioned above could serve not only for their analysis but also as basic guidelines
for app creation. Web tools could even be created for prior, online evaluation to see
whether an app meets the preestablished dimensions and criteria. This type of tool
already exists for other dimensions, such as for assessing website accessibility for
people with visual impairment and other specific characteristics, as provided by the
Siteimprove Accessibility Checker. Ultimately, the aim is to lessen the barriers to
learning and participation faced by some people with functional diversity.

As well as the suitable creation of apps. in terms of their specific use, we rec-
ommend that guidance on how to select and use apps be included in both initial
and lifelong training in pedagogical-didactic and digital competences. in accordance
with criteria such as the above, for teachers, educators and other professionals who
work with children with autism. Neither should it be forgotten that close collabora-
tion between schools and families is not only an advantage but a necessity (Xantho-
poulou et al.. 2019). Establishing user profiles and also profiles for carers or supervi-
sors (teacher, educator, family members, etc.) could foster a more personalized use
that is tailored to the needs of the child with autism. We also advise families and

@ Springer

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 115



Articulo 3 - Agrupacion de articulos cientificos

Education and Information Technologies

professionals to monitor the apps before offering them to children (Xanthopoulou
et al., 2019). And, of course, it is very important that consideration be given when
selecting apps for use with children and adolescents with autism to those that are
based on scientific principles and/or supported by empirical research (Allen et al..
2016). This is still a hard task, as most apps have not yet been backed by scien-
tific evidence on their validity and efficacy (Crespo & Martin, 2018). It is therefore
crucial for there to be collaboration between researchers and teaching and/or mul-
tiprofessional teams that use the apps in their work with children with autism. This
will facilitate the study and dissemination of their experience and findings, with an
emphasis not only on the benefits obtained but also on the difficulties encountered
and the potential options to overcome them.

A possible limitation of this study is that there are still few studies on the evalu-
ation of apps for children with autism. Furthermore. in some of the previous stud-
ies, they evaluate apps other than those analysed here — the criteria for evaluation
are different or the studies are systematic reviews. which makes it difficult to com-
pare results. Yet this also means that this study fills a gap in the research. Another
limitation of the study concerns the exclusion of apps developed for other operat-
ing systems (iOS, Harmony, etc.), as well as apps that require purchase, since our
assessment focuses exclusively on free apps for Android available on the Google
Play Store.

In terms of future research, it would be interesting to find out what use both
professionals who work with children with ASD and families are actually making
of apps. This will make it possible to know whether the best apps are really the
most used, if they meet users’ needs and the stipulated aims, as well as whether
they prove to be intuitive to use (as one would hope). or whether, in contrast, they
prove difficult. It would also be worthwhile to assess to what degree an app proves
recommendable if it is analysed from the perspective of the quality of the area it
addresses.

This study aims to be a novel tool to guide specialists, teachers and families in
choosing the best apps for children with autism, according to the content to address
and the characteristics of the user. It also sets out to indicate what aspects need
improvement in app design, which programmers could bear in mind to enhance
accessibility and functionality. Together, this would help apps to become an optimal
resource for children with autism.
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Abstract: Background: In education, Information and Communication Technology (ICT) has gone
from being a convenient option to a permanent necessity. For students and people with functional
diversity, it is of seminal importance. It is therefore worth learning how professionals perceive digital
tools and apps for people and students with functional diversity and autism: its requirements and
potential. As no instrument to measure this exists, we have designed a questionnaire on the require-
ments and potentials of ICT and apps for assisting people with autism (DP-TIC-AUT). Methods: Our
questionnaire has been subjected to content validity using a panel of experts, and construct validity,
using Exploratory Factor Analysis and Confirmatory Factor Analysis, and Cronbach’s alpha and
Composite Reliability. Results: Optimal results were obtained in the above values, thus confirming
the validity of DP-TIC-AUT for use in the contexts of its validation. Conclusions: DP-TIC-AUT is a
valid instrument. This opens up a range of possibilities for research, firstly descriptive, then of other
kinds, and for the adaptation of the instrument to other contexts. This is the first step in improving
the creation and use of ICT for people with autism.

Keywords: psychometric properties; validation; functional diversity; autism; ICT; apps

1. Introduction

We live and coexist in a society that is based on technology and depends on the
benefits it offers. It has been called a knowledge society [1,2] or an information society [3].
It is based on information about and the communication of social, economic and cultural
relations [4]. The momentum of information and communication technology (ICT) has
brought about changes in the way we organize and manage life in the community and how
we deal with tasks of daily living.

The use of technological media as a bridge to enhance learning and integrated devel-
opment in formal and non-formal education, and in healthcare, has grown in importance
over the years. It is evident how technology has progressed and connected with all types
of social groups, creating environments that promote the learning and social inclusion of
people with special needs. Thus, designing environments of leamning and development
that are accessible to everyone is and will be the main objective of the knowledge society.
In the field of education, it is known as Universal Design for Learning.

One result is the advance in educational technology and teaching methodologies based
on digital tools, which have changed teaching-learning processes from more traditional to
more innovative approaches.

These new approaches give the student a leading role along with the teacher, requiring
the latter to have greater digital knowledge and to know how to adapt their methodology
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depending on the new demands of society. Given that the new technologies are everywhere
in our environment, teachers and students need to be involved in their responsible and
educational use, because they improve the quality of education [5] enabling better learning
and greater interaction [6]. “This is also a response to the new ideas of neuroeducation
derived from neurolearning. In short, this is how the students of today learn; hence, this is
how they should be taught.

Conceptual Framework

The training of teachers in technology has been the subject of debate on innumerable
occasions and in many contexts, since education-related university degrees have subjects
involving ICT. Despite the fact that the law on education in Spain emphasises the need for
teachers to be digitally competent [7], the reality is less than satisfactory [8,9], and even
less so for students with functional diversity [10]. The near lack of any general ICT subject
in teacher training is clearly insufficient for an aspect that has revolutionized teaching and
the universal design for learning.

Diversity and Inclusion Technology (DIT) (known as “Tecnologias de Apoyo a la
Diversidad” (TAD) in Spanish [11]) has emerged to promote access to information and
technology for people with functional diversity, among others. As ICT provides benefits to
functionally diverse students, so the coming of DIT gives them even more support, enabling
their interaction, social participation [12], inclusion [13], and an independent life [14].
This technology has a design and format adapted to the needs or potential of the user,
fomenting the development of cognitive skills, communication and language [14], among
other aspects. In other words, it overcomes the Barriers to Learning and Participation
(BLP) and comprises a proactive measure for attending to diversity known as the Universal
Design for Learning (UDL).

More specifically, for people with autism, this technology can create a bridge to
enhance communicative development and interaction with the environment. Wing [15] de-
fines it as a set of symptoms associated with three dimensions (autistic triad): impairments
and delay in language and communication, both verbal and non-verbal; impairments in the
social sphere, more specifically in interpersonal reciprocity; and impairments in behaviour
and thinking. Adding to this, APA [16] includes restrictive patterns regarding the diversity
of behaviours, activities and interests.

Similarly, many studies—national and international—have shown scientific evidence
on the benefits of ICT and apps in psychopedagogical therapy for people with autism,
providing encouraging results following their use. Flores et al. [17] worked on new forms
of augmentative and alternative communication with children with ASD, comparing use of
the iPad with use of pictograms in physical format. The results show that communicative
behaviours increase after use of the iPad. Desai et al [18] increased the alternative com-
munication skills of a student with autism and another with cerebral palsy through using
the iPad. Mercado et al [19], through the videogame “BCI” that addressed neurofeedback
therapies, managed to improve attention, attentional control and sustained attention in
children with severe autism. Wedyan et al. [20], following the use of an augmented re-
ality device for children with autism focused on the development of facial expressions,
show improvement in social interactions, speech and facial expressions. Jiménez-Lozano
et al. [21], using communication apps, discerned improvements in the prerequisites of
language, communicative intent and behaviour. Fage et al. [22], through apps based on
cognitive and care rehabilitation, show improvements in socio-adaptive behaviours and
social response in the school environment. Teixeira and Cunha [23], using mathematics
apps, produced positive results in the learning of mathematical skills, increasing attention,
concentration, behaviour and motivation. Sweidan et al. [24] state that progress was ob-
tained in basic linguistic, mathematical and social concepts through the use of apps for
the learning of concepts of language, mathematics and social skills. Lazaro-Cantabrana
et al. [25], meanwhile, confirmed improvements using an app for people with autism in
the understanding of information and the capacity of expression and communication.
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As well as the support that the different technological options offer for people with
autism, they also provide an innovative and encouraging option for them [26-23], given
that they are easily manipulated and combine the visual with the auditory format [28,29].
Thus they are adapted to their needs, with many advantages to using them. Parsons
et al. [30] and Terrazas et al. [31] agree that they help to develop and promote social skills.
Yet, not only do they develop aspects connected to the social and emotional sphere, but
they also heighten motivation toward these types of tasks [26]. Guzman et al. [32] state
that “the use of technologies to improve and stimulate the communication of children with
ASD, in particular, has exponentially increased in recent times” (p. 248), and it opens up a
world of possibilities for developing other impaired skills, such as attention, anticipation,
working memory, sequences of actions, organization of events, and so forth.

Recent studies have examined the use of technology in the area of non-formal ed-
ucation [33-36], while in formal education, studies have been carried out in ordinary
classrooms [37-39] and in classrooms with students with functional diversity [40-43],
revealing its possibilities and functionalities.

Taking the potential of technology in the field of education as a given, having teachers
trained in different digital tools and in their use in the classroom with functionally diverse
students is essential for the creation of accessible and synchronous environments with
up-to-date learning based on ICT. Assessment of the digital training and competence of
professionals who teach people with functional diversity has focused on teachers in training
and in practice, and in formal education contexts. Various instruments of assessment have
been designed and validated for this (Table 1). However, despite the need for there to be
professionals with training and experience in ICT for their use with people with functional
diversity, the reality is not as encouraging as one would expect. Even though they value
ICT positively and see it as a powerful resource in the classroom, teachers do not use these
technologies and/or have difficulty using them [44]. Authors such as Cabero-Almenara
et al. [45] and Fermandez-Batanero et al. [10] have found that there is limited training in
technologies applied in the care of diversity for future teachers, and a lack of awareness of
their benefits and functionalities. Randazzo and Oteri [46] found positive attitudes toward
ICT among university teachers, but they neither use them nor have skill in doing so. This
situation could be due to the training they received in higher education, which lacked
teaching on how to make good use of virtual environments [12,47 48]

As we can see in Table 1, we have not been able to find studies or tools on assessment
for professionals who look after people with functional diversity, and who also work in
formal, non-formal and/ or public health education contexts. Neither are there assessment
instruments on the training in and use of ICT by the various professionals who work with
people with autism. Nor, more specifically, are there any studies on the use of apps, despite
their huge growth in the education, therapy and psychopedagogic intervention for people
with autism [40,49-53]. Tt was therefore necessary to create an instrument that evaluates
the opinion and training received on ICT and apps by the different professionals who work
with people with functional diversity, in general, and with people with autism in particular,
as well as their requirements and possible uses for better care.

The purpose of this study is the analysis of the psychometric properties of this instru-
ment, the “Demands and Potentials of ICT and apps for attending to people with autism”
questionnaire (DPTIC-AUT-Q). The objectives are: (a) to study the content validity through
the agreement and consensus of a panel of experts; (b) to assess the stability of the ques-
tionnaire by measuring the agreement using the Intraclass Correlation Coefficient and the
Kendall Loefﬁcnent (c) to corroborate the validity of the comprehension of the instrument
through its application to a pilot sample; (d) to determine the multidimensionality of the
construct through exploratory factor analysis; (e) to confirm the multidimensionality of
the construct through confirmatory factor analysis; and (f) to analyse the reliability of the
questionnaire.
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2. Materials and Methods
2.1. Participants

A total of 328 professionals from areas of formal, non-formal and public health edu-
cation participated in the pilot study. The criterion for inclusion was to have experience
in working with people with functional diversity, in general, and with autism specifically.
Consequently, the sample consisted of 122 participants, within the sample size of 100 or
more sample units recommended by Hair et al. [64]. The age range was between 20 and
64 years old (M age = 37.88 years, SD = 10.21), of whom 18 were men (14.8%) and 104
were women (85.2%). Table 2 presents the sociodemographic data of the sample. All the
participants had access to the internet and ICT at their place of work, mainly the computer
(93.4%, n = 114), tablet (69.7%, n = 85) and projector (59.0%, n =72).

The study used non-probability convenience sampling. To calculate the sample size,
we used the formula for unknown populations—as it is difficult to compute the number of
professionals that work with people with autism—and a confidence level of 95%, accepting
a margin of error of 5.4% (N = 328) for the initial sample and 8.9% for the final sample
(n=122).

Table 2 Sociodemographic data of the 122 participants.

Variables N (%)
State school 78 (63.9)
Charter school 17 (13.9)
Association 13 (10.7)
Einceiof yeoxk Special school 11 (9.0)
Private clinic 974
Private school 4(3.3)
Special education teacher 45 (36.9)
Non-specialist teacher 26 (21.3)
Speech therapist 14 (11.5)
Hearing and language teacher 11 (9)
Specialist eeacher 8 (6.6)
ey Integration Support Special Needs Teacher 6(4.9)
Yot Specialized Special Needs Support Teacher 6(4.9)
Special education supervisor 5(41)
Therapeutic companion 4(3.3)
Occupational Therapist 4(3.3)
Pedagogue/Educationalist 1(0.8)
Psychopedagogue 1(0.8)
<5 years 56 (45.9)
Experience in functional 6-10 years 22 (18.0)
diversity 11-20years 27 (2.1)
=21 years 17 (13.9)
<5 years 83 (68.0)
F 2 6-10 years 21(17.2
Experience with ASD 112 Oi_veals 12( ©. 8))
=21 years 6(4.9)
(-6 years 72(59.0)
7-12 years 100 (82.0)
Ages worked with 13-17 years 33 (27.0)
18-65 years 10(8.2)
=66 years 4(3.3)

2.2. Evaluation Instruments

The “Demands and Potentials of ICT and apps for attending to people with autism”
questionnaire (DPTIC-AUT-Q) uses a Likert scale, with five response options (1 = Strongly
Disagree; 2 = Disagree; 3 = Neither agree nor disagree; 4 = Agree; 5 = Strongly Agree). It
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measures the agreement of professionals who work with people with functional diversity in

general and with autism in particular on the requirements and possibilities of ICT and apps

for improving assistance, and also on their digital fraining and use. The initial instrument
was designed with 125 items organized into four subscales:

1.  “Opinion, training and use of ICT by the professional to assist people with functional
diversity”, based on previous studies by Cabero-Almenara et al. [45], Fernandez-
Batanero et al. [8], Ortiz-Colén et al. [61] and Pegalajar [63], on attending to diversity
and technelogy in the sphere of formal education. It consists of 26 items in three
dimensions:

a. Dimension I on the opinions of the professional on ICT (items 11 to 112);

b. Dimension Il regarding the professional’s ICT training for working with people
with functional diversity (items I113 to 1120);

c. Dimension III on the benefits that ICT provides for people with functional
diversity (items IT121 to I1126).

2 “Training in and use of ICT by the professional to assist people with autism”, com-
prising 40 items structured in three dimensions:
a. Dimension IV regarding the professional’s ICT training for working with people
with autism (items IV1 to IV9);
b. Dimension V on the purposes the professional uses ICT for in their work with
people with autism (items V10 to V25);
c. Dimension VI on the benefits provided by ICT for people with autism (items
VI26 to VI40).
3.  “Uses and benefits of apps in working with people with autism”, comprising 24 items
and two dimensions:
a. Dimension VII regarding the purposes the professional uses apps for in assisting
people with autism (items VII1 to VII15);
b. Dimension VIII on the benefits that apps provide for people with autism (items
VIII6 to VIII24).
4 “Uses and possibilities of specific apps for people with autism”, consisting of 35 items
in two dimensions:
a. Dimension IX on the possibilities offered by specific apps for people with autism
(items IXT to IX21);
b. Dimension X on the use the professional makes of specific apps for people with
autism (items X22 to X35).

2.3. Procedure

The study was approved by the Human Research Ethics Committee [2002/CEIH/2021]
of the University of Granada (Spain).

We contacted schools and associations that assist people with autism, during the first
four months of 2021, asking for their collaboration and describing the aims of the study.
The link to the questionnaire, designed using the LimeSurvey platform, was sent by email,
along with the prior conditions of its voluntary nature, anonymity, and use. The access
link was provided with a single-use numerical password. The information was gathered
over a period of one month.

24. Design and Data Analysis

We conducted a cross-sectional study of instrument content and construct validity. It
consisted of developing tests and devices, including both the design or adaptation and the
analysis of their psychometric properties [65].

As a method to test the validity of the content, we used a panel of experts. To
analyse the metric properties of each item, basic descriptive coefficients (mean, dispersion,
kurtosis and skewness) were employed, with SPSS version 26.0. Kolmogorov-Smirnov and
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Levene's tests were performed to confirm normality and homoskedasticity of the sample.
The validity of the construction was carried out through exploratory factor analysis (EFA)
with Factor Analysis version 10.10.01 [66], to determine the goodness of the fit and the
validity of the scale [67-70], and confirmatory factor analysis (CFA) with M-PLUS, to
establish the validity and reliability of the fit of the model [71,72]. The internal consistency
of the instrument was calculated using Cronbach’s alpha coefficient with SPSS version 26.0,
and the Composite Reliability (CR).

3. Results
3.1. Content Validation

In order to validate the content, expert judgement was used—this being a validation
method useful for verifying the reliability of a survey [73].

For the panel of experts, the sample selected followed criteria based on experience,
scientific evidence, availability, reputation and motivation [74]. There were eight experts
with professional experience and a career in the area of diversity outreach and the inclusion
of students with functional diversity. Of these eight experts, four were men and four
women, aged between 27 and 64 years old (M = 41.75; SD = 11.78), with a professional
experience of between 2 and 42 years (M = 14.13; SD = 13.52), with initial qualification in
Pedagogy (n = 4), Psychology (n = 2), Humanities (n =1) and Psychopedagogy (n =1). Of all
the experts, five were university professors and three guidance counsellors in Educational
Guidance Teams.

The approach taken with the panel of experts was mixed. For the quantitative as-
sessment, the experts had to validate the items based on the following criteria: clarity,
coherence, relevance and objectivity with the object of study, on a scale of 1 (lowest value) to
4 (highest value). For the qualitative evaluation, the experts used a section for observations
where they could make suggestions for improvement and make extensive comments, as
well as propose the elimination of items,

The content validity, and the degree of agreement between the experts, was verified
through the measurement of the agreement percentage. The Intraclass Correlation Coef-
ficient (ICC) and the Kendall coefficient were tested for each of the subscales described
above. The values obtained for the ICC for each subscale were: Subscale 1 =0.986; Subscale
2=0.994; Subscale 3= 0.994 and Subscale 4 = 0.995, thus determining an excellent inter-rater
reliability (>0.750) [75].

With respect to the Kendall coefficient (W), the values were significant, albeit low in all
subscales: Subscale 1: 0.153 (clarity); 0.150 (coherence); 0.200 (relevance); 0.211 (objectivity);
Subscale 2: 0.125 (clarity); 0.160 (coherence); 0.186 (relevance); 0.132 (objectivity); Subscale
3: 0.138 (clarity); 0.132 (coherence); 0.155 (relevance); 0.123 (objectivity); Subscale 4: 0.127
(clarity); 0.123 (coherence); 0.109 (relevance); 0.160 (objectivity).

After the panel of experts and the statistical results, none of the proposed items was
eliminated.

3.2. Construct Validity

Before starting the EFA, the descriptive values of the study were calculated (Tables 3-6),
following the steps recommended by experts [76], and values greater than —2.5 and
+2.5 [77] in the dispersion tests (skewness and kurtosis) were eliminated. Four items
were removed from Subscale 1 (14, L5, 1122 y [11.25), and one from Subscale 3 (VIIL.22).
Following the removal of these five items, the remaining items were renumbered.
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Table 3. Description of the items of Subscale 1.
Variables Mean Standard Deviation Variance Skewness Kurtosis
L1 437 071 0.499 —0.809 —0.025
L2 3.69 0.97 0.944 —0.492 0.003
L3 418 0.81 0.661 —1.000 1.340
L4 442 073 0.526 —1.492 3.566
L5 445 076 0.580 —1.542 2.978
L6 418 0.80 0.645 —0.924 1178
L7 445 072 0.514 -1.329 1763
LS 443 073 0.528 —-1.120 0777
L9 443 0.72 0.511 —0.978 0.152
L10 432 0.77 0.599 —-0.734 —(.584
L11 3.85 0.86 0.738 —(0.186 —0.782
L12 411 0.86 0.741 —0.604 —0.473
1113 402 070 0.487 —0.182 —0.457
.14 3.9 0.73 0.536 —0.231 —0.231
IL15 3.99 0.71 0.504 —-0.270 —(0.184
IL16 420 070 0.490 —0.439 —0.320
.17 330 110 1.201 —0.305 —(.383
IL18 3.69 0.83 0.696 —0.488 —0.205
.19 409 078 0.612 —-0.792 0.630
IL.20 4.08 0.80 0.638 —0.743 0.887
.21 416 0.76 0.579 —(.843 141
.22 453 072 0.515 —-2.024 1.649
11.23 438 0.76 0.584 -1.440 2.950
11.24 448 0.66 0.433 —(.880 —(0.323
1125 449 072 0.516 —-1.737 4383
11.26 428 0.80 0.632 —1.046 1.1
Table 4 Description of the items of Subscale 2.

Variables Mean Standard Deviation Variance Skewness Kurtosis
V.1 3.57 0.99 0.990 —0.284 —(0.539
v.2 3.83 0.96 0.921 —0.788 0.512
V3 4 0.80 0.645 —-0.292 —0.693
V4 375 071 0.505 —-0.150 —0.139
V.5 3.83 0.78 0.606 —0.436 0.017
V.6 3.79 075 0.566 —0.574 1.003
V.7 3.98 0.82 0.677 —0.512 —0.206
Vs 407 0.75 0.558 —0.470 —0.049
Ve 3.87 0.76 0.578 —0.464 0.152
V.10 435 0.69 0.478 —0.598 —0.752
Vi1 443 0.70 0.495 —0.965 0.223
Vi2 426 0.74 0.542 —(.586 —0.49%0
Vi3 428 079 0.616 —0.955 0.537
Vi4 425 0.82 0.670 —-1.054 1.233
V.15 414 0.87 0.749 —-1.053 1501
V.16 422 091 0.835 —-1.249 1.526
V17 3.92 0.92 0.853 —0.604 —0.098
V.18 3.89 1 1.005 —(0.784 0.248
V19 3.64 112 1.257 —0.570 —0.344
V.20 3.75 1.05 1.096 —0.720 0.182
V.21 3.62 113 1.278 —0.643 —0.253
V.22 424 073 0.530 —0.923 1.910
V.23 384 0.99 0.981 —0.701 0.186
V.24 407 (.85 0.730 —0.708 0.340
V.25 410 (.86 0.734 —0.993 1471
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Table 4. Cont.
Variables Mean Standard Deviation Variance Skewness Kurtosis
VL26 3.98 0.90 0.5801 —0.584 —-0.372
\Y 7y 3.9 0.93 0.866 —0.614 —0.105
VL28 3.91 0.96 0.926 —-0.723 0.166
VL29 381 1.02 1.030 —0.576 —-0.129
VL30 3.63 1.07 1.144 —0.575 —0.207
VL31 425 079 0.617 -1.195 2.181
VL32 391 0.96 0.926 -0.723 0.166
VL33 402 0.87 0.760 —(.869 0718
VL34 3.93 0.94 0.888 —-0.771 0.106
VL35 3.80 1.03 1.052 —0.763 0.230
VL36 416 0.80 0.651 —0.981 1.384
VL37 418 (.88 0.777 —~1.099 1.068
VL38 3.80 1.07 1.135 —-0.640 —0.313
VL39 384 109 1.180 -1.123 0.811
VL40 421 1 0.996 —1.558 2479
Table 5. Description of the items of Subscale 3.
Variables Mean Standard Deviation Variance Skewness Kurtosis
VIL1 404 0.79 0.623 —0.487 —-0.215
VIL2 384 0.89 0.783 —0.345 —0.261
VIL3 3.9 0.90 0.807 —0.644 0.456
VIilL4 3.89 0.96 0913 —0.714 0.450
VIL5 373 104 1.083 —-0.512 —0.345
VIL6 428 0.71 0.504 —0.750 0.382
VIL7 3.93 0.94 (.886 —(.886 0.868
VILS 3.82 0.95 0.200 —0.936 1.053
VILe 3.79 0.92 0.849 —0.811 0.802
VIL1O 3.80 1.01 1.010 —0.842 0.675
VIL11 415 0.89 0.794 —0.873 0.376
VIL12 4.06 0.87 0.755 —(0.733 0.341
VIL13 3.77 1.09 1.179 —0.677 —0.232
VIL14 3.88 103 1.053 —1.081 0.952
VIL15 412 1.02 1.043 -1.160 0.852
VIIL16 22 1.20 1.441 0.616 —(.687
VIIL17 440 0.85 0.725 —1.525 2214
VIIL18 404 0.90 0.813 —-0.712 0.105
VIIL.19 425 0.86 0.738 —-1.226 1521
VIIL.20 430 0.75 0.561 —0913 0.578
VIIL.21 454 0.68 0.467 —1.489 2.075
VIIL22 428 0.71 0.504 -1.034 2505
VIIL.23 347 108 1.168 —0.226 —0.675
VIIL.24 426 0.78 0.613 —1.247 2.364
Table 6. Description of the items of Subscale 4.
Variables Mean Standard Deviation Variance Skewness Kurtosis
X1 353 0.97 0.946 —0.168 —0.468
X2 371 0.93 0.870 —0.205 —(0.818
IX.3 3.92 0.84 0.698 —0.300 —0.622
X4 334 0.95 0.903 0121 —0.649
X5 358 0.91 0.822 —-0.173 —0.405
IX.6 3.66 0.83 0.685 —(.282 —0.379
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Table 6. Cont.
Variables Mean Standard Deviation Variance Skewness Kurtosis
X7 370 075 0.569 —0.157 —0.246
X8 345 0.83 0.691 —-0.121 —(.556
X.9 3.88 0.79 0.630 —0.509 0.064
X.10 3.51 0.76 0.574 0.254 —0.325
IX.11 370 0.75 0.569 —0.398 0.677
X.12 375 0.74 0.546 —0.200 —0.162
X.13 3.60 (.84 0.700 —0.268 0428
IX.14 3.82 0.69 0.469 —0.083 —0.220
IX.15 371 0.78 0.613 —0.095 —0.422
IX.16 3.58 .82 0.669 —0.214 0.061
X.17 3.61 0.93 0.868 —0.408 0.161
X.18 3.56 0.97 0.943 —0.661 0.406
X.19 3.39 0.93 0.868 —-0.231 —-0.137
X.20 3.45 0.97 0.945 -0.572 0.116
xX21 3.63 0.83 0.693 —-0.110 —0.515
X2 3.64 077 0.589 —0.307 0.455
X.23 374 0.71 0.499 —0.167 —0.098
X.24 3.82 0.70 0.491 -0.178 —0.092
X.25 3.87 0.81 0.660 —0.809 1.521
X.26 3.69 0.78 0.606 —0.379 0484
X227 3.63 0.81 0.659 —0.480 0785
X.28 3.96 072 0.515 —0.357 0.073
X.29 371 0.76 0.582 —0.026 —0.425
X.30 370 072 0.518 —0.02¢9 —0.287
X.31 3.55 (.86 0.741 —0.348 0.232
X.32 3.87 0.79 0.620 —0.303 —0.305
X.33 379 079 0.625 —0.548 0.137
X.34 3.58 (.85 0.720 —0.508 0.011
X.35 372 0.85 0.728 —0.681 0768

For the EFA, the procedure for determining the number of dimensions was the method
of parallel analysis (PA), to maximize factor simplicity, determining the factors as recom-
mended for PA [78]. The method for factor extraction used was Robust Unweighted
Least Squares (RULS), in order to attain better solutions in the ordinal data [79,80] with
Promin rotation for Subscales 2, 3 and 4—since the factors were correlated between each
other—and varimax for Subscale 1—as not all the factors were correlated or the correlations
were very small. The Pearson correlation matrix was used on the basic assumption of
normal distribution of the ordinal items. For Subscale 1, Bartlett's statistic (1299.0 (df = 231;
p = 0.000010)) and the Kaiser-Meyer-Olkin test (KMO) (0.884, good) were used to check
whether the sample came from populations with the same variance and whether it showed
an appropriate fit for the sample. A good fit for the data to be subjected to factor analysis
was found [81].

As can be seen in the matrix of rotated factors (Table 7), no item was eliminated since
they all gave factorial weights with an absolute value higher than 0.30 [81-83]. Thus, after
analysing and evaluating the weight of each variable according to the factor, the final
version of Subscale 1 was as follows. The three factors obtained explained 60.38% of the
total variance. Factor 1, denominated “Opinions”, obtained an eigenvalue of 8.08 and
explained 36.73% of the common variance. It included eleven items (V1, V4, V7-V11,
V19, V20, V21 and V22), and analyses what the professionals think about ICT for working
with people with functional diversity. Factor 2, called “Requirements and possibilities”,
obtained an eigenvalue of 3.08 and explained 14% of the common variance. It comprised
four items (V2-V6), examining the demands and possibilities of ICT for its use in assisting
people with functional diversity. Factor 3, denominated “ICT Training for Functional
Diversity”, obtained an eigenvalue of 2.13 and explained 9.65% of the common variance. It
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had seven items (V12-V18), which evaluated the professionals’ digital training for working
with people functional diversity.

Table 7. Matrix of rotated factors Subscale 1.

Variables Factor 1 Factor 2 Factor 3

A\ B 0.510

V4 0.579

V7. 0.830

V8. 0.909

va. 0915

Vio. 0.634

Vi 0737

V19, 0718

V20. 0783

V21 0.581

V22, 0.812

V2 0.574

V3. 0.698

V5. 0.564

Vé. 0.416

Vi 0.717
V13, 0.879
Vi4 0.767
V15, 0.725
Via. 0.653
V17. 0.754
V1s. 0.566

Regarding the goodness of fit indices of the model, the chi-square was 48.463, which
was not significant (p = 0.999990), as per Bentler and Bonett [84]. The goodness of fit index
(GFI) was 0.987, the adjusted goodness of fit index (AGFI) gave a value of 0.987, and the
comparative fit index (CFI) was 0.999. These values are within the intervals recommended
by Tanaka and Huba [68]. The root mean square of residuals (RMSR) was 0.001, indicating
a good fit [69,85,86]. All these data show an excellent fit for these items and an acceptable
model

Two of the three factors were correlated: Factor 1-2 1 = 0.209, p < 0.05 (BC Confidence
Interval = 0.037-0.388) and Factor 1-3 r = 0.438, p < 0.05 (BC Confidence Interval = 0.285-
0.628); whereas Factor 2-3 were not correlated, r = 0.037, p > 0.05 (BC Confidence Inter-
val = —0.140-0.253).

In the case of Subscale 2, the Bartlett statistic (1230.0 (df = 780; p = 0.000010)) and
the Kaiser-Meyer-Olkin (KMO) test (0.901) indicated a very good fit of the data to be
submitted to factor analysis [81].

No item was removed since all factorial loads had an absolute value higher than
0.30 [81-83], as can be observed in the matrix of rotated factors (Table 8). The three
factors obtained explained 58% of the total variance. Factor 1, called “Training in ICT for
autism”, obtained an eigenvalue of 17.36 and explained 43.40% of the common variance. It
comprised nine items (V1-V10), which evaluated the digital training of the professionals
for working with people with autism. Factor 2, denominated “Benefits of ICT for autism”,
obtained an eigenvalue of 3.82 and explained 9.55% of the common variance. It consisted
of 15 items (V10-V16, V19-V24, V40), which examined the benefits of ICT for people with
autism. Factor 3, called “Uses of ICT for autism”, obtained an eigenvalue of 2.06 and
explained 5.15% of the common variance. It comprised 16 items (V17-V18, V26-V39),
which analysed the purpose the professionals used ICT for in their work with people with
autism.
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Table 8. Matrix of rotated factors Subscale 2.

Variables Factor 1 Factor 2 Factor 3

Vi 0.643

V2 0748

V3. 0711

V4 0718

V5. 0.453

V6. 0.647

V7. 0798

V8. 0713

V9. 0740
Vi 0.934
V1L 0.986
Vi 1.114
V13, 0.668
Vi4 0.732
V15, 0.708
Vié6. 0.674
V19. 0.433
V20. 0.548
V2L 0.442
V22 0.547
V23, 0.487
V24, 0.466
V25, 0.527
V40. 0.316
V17. 0.502
Vis. 0.493
V2é6. 0.602
V27. 0.643
V28, 0.657
V29. 0.602
V30. 0.881
V3L (.589
V32 0.719
V33, 0.834
V34 0.939
V35. 0.760
V36. 0.619
V37. 0.645
V3s. 0.746
V39. 0.738

The model demonstrated an excellent fit: the chi-square was 388.065, being non-
significant (p = 0.999990) [61]; the GFI was 0.981, the AGFI gave a value of 0.977, the CFI
was 0.999 and the Non-Normed Fit Index (NNFI) was 1.006. These values are within the
intervals recommended by Tanaka and Huba [45]. The RMSR was 0.000, indicating a good
fit [69,85,86].

A positive and direct relationship could be observed between all factors of Subscale 2,
with significant results at the 0.05 levels. Factors 2-3 showed a good relationship (r= 0.784,
p <0.05, BC Confidence Interval = 0.781-0.807). Factor 1-2(r = 0.417, p < 0.05, BC Confidence
Interval = 0.296-0.609) and 1-3 (r = 0.427, p < 0.05, BC Confidence Interval = 0.253-0.607)
presented a moderate positive correlation.

For Subscale 3, the Bartlett statistic (1272.2 (df = 253; p = 0.000010)) and the Kaiser—
Meyer-Olkin (KMO) test (0.876) indicated a good fit of the data to be submitted to factor
analysis [81].

One item was eliminated because its factorial load had an absolute value lower than
0.30 [81-83], as can be observed in the matrix of rotated factors (Table 9). The two factors
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obtained explained 54.88% of the total variance. Factor 1, “Benefits of Apps for Autism”,
obtained an eigenvalue of 10.22 and explained 44.43% of the common variance. It consisted
of 10 items (V6, V11-V20, V22), which investigated the benefits that apps provide for
people with autism. Factor 2 “Uses of Apps in Autism” obtained an eigenvalue of 2.40
and explained 10.45% of the common variance. It comprised 12 items (V1-V5, V7-V1(,
V13-V14, V21), which analysed the purpose the professionals used apps for in their work
with people with autism.

The resulting model was acceptable and presented excellent fit indices: chi-square
was 165.268 (p = 0.986961) [84], the GFI was 0.977, the AGFI was 0.972, the CFl was 0.996,
and the NNFI was 0.995 [68]. The RMSR was 0.031, indicating a good fit [69,85,86].

The two factors of Subscale 3 were positively and directly correlated, showing signifi-
cance at 0.05 (r = 0.654, p < 0.05, BC Confidence Interval = 0.608-0.733).

Table 9. Matrix of rotated factors Subscale 3.

Variables Factor 1 Factor 2
Vé. 0.458
V11, 0.428
V12, 0.422
V15, 0.375
V16, (.591
V17. 0.654
V1s. (0.879
Vi, 0.943
V20. (.850
V22 0.497
V1 0.505
V2. 0.632
V3. 0719
V4. 0711
V5. 0.913
V7. 0.863
V8. 0.896
V9. 0.903
Vio. 0.945
V1i3. 0.593
Vi4. 0.590
v21. 0.454

Finally, for Subscale 4, the Bartlett statistic (1214.6 (df = 595; p = 0.000010)) and the
Kaiser-Meyer-Olkin (KMO) test [0.868] indicated a good fit of the data to be submitted to
factor analysis [81].

One item was eliminated because its factorial load had an absolute value lower than
0.30 [81-83], as can be observed in the matrix of rotated factors (Table 10). The three factors
obtained explained 58.51% of the total variance. Factor 1, “Functionality”, obtained an
eigenvalue of 14.95 and explained 42.10% of the common variance. It comprised eightitems
(V8, V10, V15-V20) on the functionality of specific apps for people with autism. Factor
2, “Applicability”, obtained an eigenvalue of 3.26 and explained 9.31% of the common
variance. It consisted of 12 items (V1-V7, V9, V11-V14) on the applicability of specific
apps for people with autism. Factor 3, “Uses of Specific Apps for Autism” obtained an
eigenvalue of 2.27 and explained 6.50% of the common variance. It consisted of 15 items
(V21-V35), which evaluated what purpose the professionals use specific apps for in their
work with people with autism.
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Table 10. Matrix of rotated factors Subscale 4.

Variables Factor 1 Factor 2 Factor 3

V8. 0.445
Vio. 0.433

V15, 0.412
Vie. 0.501
V17. 0.498

Vis. 0714
Vi9. 0702
V20 0.674

Vi 0.858

\ 0.898

V3. 0.768

V4 0.693

V5. 0.805

Vé. 0.603

V7. 0.503

V9. 0.561
ViL 0.481
Vi 0.556
V13 0.571
Vid 0.479
V2L 0.523
V22 0.549
V23, 0.596
V24 0.658
V25 0.611
V26. 0.505
V27. 0.737
V28 0.718
V29. 0.799
V30. 0.778
V3L 0.726
V32 0.943
V33 0.863
Vi34 0.670
V35, 0.797

The model was adequate and presented some excellent fit indices: the chi-square was
255.361 (p = 0.999990) [84], the GFI 0.983, the AGFI 0.979, the CF10.999, and the NNFI 1.010
(Tanaka and Huba, 1985). The RMSR was 0.000, indicating a good fit [39,55,86].

The correlational analysis of the final version of Subscale 4 gave significant results
at the 0.05 (bilateral) levels. All factors were correlated: Factor 1-2r = 0.522, p < 0.05 (BC
Confidence Interval = 0.455-0.651), Factor 1-3 r = 0.596, p < 0.05 (BC Confidence Inter-
val = 0.531-0.685) and Factor 2-3 r = 0.503, p < 0.05 (BC Confidence Interval = 0.503-0.730).

3.3. Confirmatory Factor Analysis (CFA)

With the objective of contrasting the models built through EFA for each subscale of
the questionnaire, we performed a CFA using M-PLUS.

For Subscale 1, the structure that we constructed from the one obtained in EFA
can be seen in Figure 1. This shows that the quadratic correlations between the items
and their factor are positive. In terms of the absolute fit measures, the chi-square value
was statistically significant (x? = 1592.286, p = 0.0000), and the value of the Root Mean
Square Error of Approximation (RMSEA) was 0.001, indicating an excellent fit [64,587,88].
Regarding the incremental fit indices, the Comparative Fit Index (CFI) was 0.891 and the
Tucker-Lewis index (TLI) was 0.878, indicating a reasonable model fit [89]. The Weighted
Root Mean Square Residual (WRMR) was 1.039, whereby being close to 1 suggests a good
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fit [90]. The results obtained through M-PLUS indicate a good fit of the model for Subscale
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Figure 1. Proposed model. CFA for Subscale 1.

For Subscale 2, the structure that we constructed from that obtained in the EFA was as
follows (Figure 2):
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Figure 2. Proposed model. CFA for Subscale 2.
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The results of the CFA for Subscale 2 were equally favourable and acceptable [64,72]:
the chi-square value was statistically significant (x> = 4158.964, p = 0.0000), while the
RMSEA (0.048), SRMR (0.080) and WRMR (1.39) demonstrate the goodness of the model

For Subscale 3, the structure that we constructed from that obtained in the EFA can be

seen in Figure 3. The chi-square value was statistically significant (p < 0.05), and RMSEA
(0.013), CFI (0.967) and TLI (0.903) indicate a good model fit [64,72].
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Figure 3. Proposed model. CFA for Subscale 3.

The structure constructed from that obtained in the EFA of Subscale 4 is as follows
(Figure 4):
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Figure 4. Proposed model. CFA for Subscale 4.
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The results of the CFA for the Subscale 4 were favourable and acceptable [64-72]: the
chi-square value was statistically significant (p < 0.05), RMSEA (0.011), SRMR (0.080), CFI
(0.910) and TLI (0.900), demonstrating the goodness of the model

3.4. Calculation of Reliability (CR)

Internal consistency was determined by using Cronbach’s Alpha. Although Cron-
bach’s alpha is the test method most commonly used by social researchers [91,92] show that
in the CFA itis important to calculate the CR [93] data for each critical factor. In addition,
the CR is considered more suitable than Cronbach’s alpha because it does not depend on
the number of attributes associated with each concept [94]. In general, the CR value is
considered adequate when the value of each factor is greater than or equal to 070 [64,95,95],
but up to 0.60 is acceptable [97,95].

As can be seen in Table 11, a satisfactory Cronbach’s alpha—rvalues between 0.75
to 0.96—and CR—vwvalues between .66 to 0.95—was obtained for each of the factors,
indicating a good intermal consistency of the questionnaire [67,91,92,95,97 98]

Table 11. Internal Consistency of the Instrument.

Cronbach’s Alpha Composite Reliability
Factor 1 0.95 093
Subscale 1 Factor 2 0.75 0.66
Factor 3 0.91 0.88
Factor 1 0.92 0.90
Subscale 2 Factor 2 0.96 0.94
Factor 3 0.96 0.95
Factor 1 092 0.76
Samoxle. Factor 2 0.95 0.94
Factor 1 091 (.88
Subscale 4 Factor 2 0.94 0.92
Factor 3 0.95 094

4. Discussion and Conclusions

The main aim of the study was to test whether the “Demands and Potentials of ICT and
apps for attending to people with autism” questionnaire (DPTIC-AUT-Q) was a suitable
instrument for measuring different professionals” opinions on the potential and uses of ICT
and apps, and their training in them, for working with people with functional diversity, in
general, and autism in particular. There are no previous instruments similar to this one,
thus no comparison of the psychometric values could be carried out. However, Subscale 1,
which is more generic in nature, was constructed from other scales [10,45,61,63]. Below,
therefore, we provide a justification for the decisions adopted in its validation. These
decisions have been assessed in other studies on instrument validation and have been put
forward by experts.

The instrument was subjected to validation by a panel of experts, and using EFA
and CFA. Considering that they belong to different professional fields, the views of the
expert panel gave greater validity and strength to the process of this study, contributing to
the rigour of the questionnaire [73]. Following the analysis of the qualitative evaluations,
through the comments and suggestions of the assessing experts for each item and for the
questionnaire as a whole, the quantitative results were analysed. These were produced
through the analysis of the mean with regard to clarity, coherence, relevance and objectivity
of the item interpreted. In terms of modifying the wording or of deleting the proposed item,
we took into account whether the item presented a mean that was equal or higher than 1.5
in clarity and/or coherence, and a score higher than 1.5 in standard deviation [99]. None
of the 125 items was eliminated. The inter-rater reliability was excellent for ICC values
above 0.750 [75] and had a significant Kendall’s W. We can therefore conclude that there is

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 142



Articulo 4 - Agrupacion de articulos cientificos

21 0f 30

significant agreement between the ranges assigned by the experts for all the questionnaire
subscales, and that the instrument has content validity.

Regarding construct validity, before carrying out the EFA, five items were removed
due to their indices of skewness and kurtosis higher than —2.5 and 2.5 [77]. Following
the EFA, item saturation problems wene only observed in Subscale 3—speciﬁcally, in
Item VIL7, which did not obtain a statistically significant saturation, and it was therefore
removed. The definitive version of the questionnaire has 119 items divided into four
subscales (see Appendix A: final version).

The factorial structure of Subscale 1 maintained the three original dimensions, extract-
ing three factors, although, as can be seen in Appendix A, some items have better saturation
in another dimension: “Opinion”, “Requirements and possibilities” and “ICT training for
functional diversity”. The validity of this structure was subsequently corroborated the
CFA, with excellent model goodness-of-fit indices [64,72].

For Subscale 2, the EFA revealed a structure with three latent factors, which corre-
sponded with the three established dimensions: “Training for autism”, “Benefits of ICT
for autism”, and “Uses of ICT for autism”. This was corroborated by the CFA, showing
adequate model goodness-of-fit values [64,72].

Subscale 3 comprised two factors, coincident with the two dimensions: “Benefits of
Apps for Autism” and “Uses of Apps in Autism”. Confirmatory procedures demonstrated
an adequate fit of the proposed model [64,72].

Lastly, the factorial structure of Subscale 4 comprised three factors, subdividing Dimen-
sion IX on the possibilities of specific aims for people with autism into two: “Functionality”
and “Applicability”. Dimension X, on “Uses of specific apps for autism” (Factor 3) was
maintained. This structure was corroborated by the CFA, showing adequate goodness-of-fit
values [64,72].

arding the internal consistency, the results obtained were san'sfactory in terms
of Cronbach’s alpha coefficients and the CR for all factors, and can be considered highly
reliable [64,91,92,95,97,98]. Only Factor 2 of Subscale 1 obtained lower values in both
coefficients, albeit within acceptable limits [97,98].

The results demonstrate that the questionnaire—DPTIC-AUT-Q—has satisfactory
pSychometric quality. We can therefore conclude that, according to the empirical evidence,
it can be used with guarantees in similar conditions to those presented here. Having
established the instrument’s validity, through the empirical evidence corroborated here, its
approach and undertaking should be highlighted. It covers all the knowledge expected
of a professional from the area of care for diversity and, more specifically, of autism.
Throughout the design of the questionnaire, we have looked at those areas in which
people with functional diversity and autism have the greatest difficulty and, therefore,
greater reinforcement, effort and work, encompassing not only the teacher but specialists
from formal, non-formal and healthcare contexts. Most of the national and international
instruments we have examined do not specifically analyse the needs and characteristics of
people with autism, nor the benefits apps offer them. Therefore, this questionnaire not only
considers the requirements and uses derived from using ICT for people with functional
diversity, but also examines those with autism and the apps aimed at them, unlike the
previous studies we have reviewed.

In terms of limitations, we should point out that the selection of the participants was
neither random nor probabilistic, and the final sample size was small, as there were fewer
professionals than expected who met the inclusion criteria and worked with people with
autism. Another limitation concerns the type of cross-sectional design: carrying out the
survey at one single moment in time does not make it possible to verify the questionnaire’s
test-retest reliability. Another of the limitations is related to the geographical context of the
participants, who are all residents of the city of Granada (Spain). In future studies, the appli-
cation of the questionnaire should be expanded to other Spanish cities to confirm the results
obtained here. A further limitation concerns the experts selected, as all of them belonged
to the area of higher education and educational guidance teams, while specialists from
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non-formal education and healthcare were not considered. The instrument’s refinement
through the different procedures outlined here make it both possible and recommendable
to use it in other studies in order to replicate, validate and generalize its uses in other
Spanish-speaking contexts.

Finally, we should mention the practical implications of applying DPTIC-AUT-Q. Its
use will help improve the initial and lifelong training of the different professionals who
work with people with functional diversity, and particularly with people with autism.
It will also guide engineers and programmers to create technological products that are
adapted to the needs and possibilities (suitable, functional and accessible) of these collec-
tives,

5. Patents
The questionnaire has been registered in the Territorial Registry of Intellectual Property
of Andalusia (Spain) under the title: “Demands and potential of ICTs and apps for the care

of people with autism (DPTIC-AUT-Q)”. Application Reference: RTA-2276-21. Request
identifier: 750120.
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Appendix A

Final version of the questionnaire, “Demands and potentials of ICT and apps for
assisting people with autism” (DPTIC-AUT-Q) [“Demandas y potencialidades de las TIC y
las apps para la atencién a personas con autism” (DPTIC-AUT-Q)].

For each statement, mark the box corresponding to your degree of agreement, according to your
personal and /or professional criteria, based on the following scale

[Marque para cada afirmacion la casilla correspondiente a su grado de acuerdo, segiin su criterio
personal y/ o profesional, en base a la siguiente escala]:

1. Strongly disagree [Completamente en desacuerdo]
Disagree [En desacuerdo]
Neither agree nor disagree [Ni de acuerdo ni en desacuerdo]

Agree [De acuerdo]

S S

Strongly agree [Completamente de acuerdo]
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SUBSCALE 1. Opinion, Training and Uses of ICT by Professionals for Assisting People with Functional Diversity
ISUBESCALA 1. Opinion, Formacion y Usos de las TIC Por Parte del Profesional Para Atender a Personas con Diversidad Funcional]
Dimension 1: Opinion [Dimension 1: Opinion]
N* Initial Item N? EFA Item N’ Final Item ICT for People with Fuctional Diversity ... Scale [Escala]
[N? Item inicial) [N Item AFE] [N*® Item Final] [Las TIC Para Personas con Diversidad Fundonal ... | 1l213¢]s
1 Vi 1 Improve the competences of the teacher [Mejoran Las competencias del
i i i doxnte)
Require advice on the search for, slection and evaluation of ICT
L6, Vi 2 resouraes for the k-xhing—_kmu‘ng process [Requiemn asesoramiento
sobre |a busqueda, seleccion y evaluacion de recursos TIC para el
proceso de ensefianza-aprendizaje)
19 V7. 2 Provide preatr kaibih:ty in the teaching-learning process [Aportan
mayor fiexibilidsd enel proceso de ensenanz >-aprendizaje]
1. V& N M.\h:iit possible to mteducﬁona] needs [Fermiten responder a las
necesidades educativas)
1 va = Are casy to use in attending to diversity [Son faciles de utilizarenel
3 3 imbito de la akncién a la diversidad]
112 vik 6. Enable inclusion [Favoean la indusion)
NEE Vil 7 Offer multiple opportunities in attiending to diversity [Ofrecen
N ¢ milltiples oportunidades en el 3mbito de la aencidn a la diversidad)
ma Via. 8 lmprove performance and efficacy [Mejoran el rendimientoy la
eficacia)
m» Vo, g, lm’e.a- n‘\oﬁvaﬁon in kearning [Aumentan la motivadon haciael
aprendizaie |
mes Vol 10 :\L\kg access to information possible [Posibilitan el acoeso a la
informacion)
2% Vo 0 Make it posaablc to achieve aims ix} 3 more .‘i'cxibh: way [Permiten
alcarzar los objetivos de forma mas fexible]
Dimension 2 Requirements and Possibilities [Dimension 2: Requerims y Posiblidades]
Demands and Necessities of ICT for Assisting People with Fundt tonal
Dim’.wun of ICT for 1y People with Function Scale [Escala]
N Initial Item N* EFA Item N Final Item R
IN® item Inicial] IN® item AFE] IN® ftem Final] (Qmu{lduyhcfududadtlu TIC Para Atender a Personas con
Diversidad hmaonal ... | 11218 & 8
12 vz 2 They mquifc gr.v..-.abcr commitment .md effort in my work [Exigen
mayor dedicacion y esfuerzo en mi labor]
13. Vi 13, They require specfic training [Requieren formacion especifica)
They need more material means and investment by management
17. V5. 14 |Precisan mayoms medios materisles e inversion por parte de la
Administracida]
18 Vi 5 They help give more attention to diversity [Ayudan a prestar una
" : mejor atencion a la diversidad)
L vi2 1 I'would know how to choose speafic ICT according to their needs
§ " ¢ [Sabria seleccionar TIC especificas en funcion de sus neasidades|
Dimension 3 Training in ICT for Functional Diversity [Dimension X Formacion TIC para Diversidad Funcional]
ICT Travuing of Profess onals for Assisting People with Functional Scale [Escala]
N°Initial Item N EFA Item N* Final Item Diversity... k
[N® Item Inicial] [N" Item AFE] [N? Item Final] [Formacian TIC del Profesional Para Atender @ Personas con
Diversidad Funaonal ... | 112|345
LI Vi1 " I know the main limitations that can condition its use [Conozeo las
? i principales mitaciones que pueden condicionar su uso)
[ know different internet sites where I can find specific resouraes
L& Vid 18 [Conozeo diferentes lugares de Internet donde poder localizar recursos
especificos)
7. VIS, .. [ know how- o design af:ﬁyi&swirh nocrspecialist u.'iucan'oml :
software [S€ disehar actividades con software educativo generalizado]
[ feel prepared to help them in the use of sechnical aids and use of ICT
IL18 Vi& 2. [Me siento preparado para ayudarkes en el uso de los apoyos tecnicos y
utilizacion de las TIC)
119 vI7 2 It makes it easier for me to design and adapt activities [Me facilita el
e 2 = diseho y adaptacidn de las actividades]
120 VIR n Itl’tlpsvr-m to carry out assessment [Me ayudan a realizar la
evaluacion|
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SUBSCALE 2: Training in and Uses of ICT by Professionals to Assist People with A utism
[SUBESCALA 2. Formacion y Usos de las TIC Por Parte del Profesional Para Atender a Las Personas con Autismo]
Dimension 1: Trining in ICT for Autism [Dimension & Formacion en TIC Para Autismo]
- = = TCT Traming of Profess onals jor Assid ing People inth Autism ... Scale [Escal
N* Initial Item N® EFA Item N°® Final Item 2 R h 3 alaj
IN® item Inicial] IN® item AFE] IN® item Final] lrar"m-lﬂm TIC del Profesional Para Atender @ Persanas con Autismo TT3Tel s
i Vi 3 I know how to use specific software to creste materials [S¢ utilizar
' E i software especifico para realizar materiales)
Vo vz u T'am capable of making curricular adaptations using ICT [Soy capaz de
realizar adaptaciones curriculams usando TIC)
v Vi ~ They enable me to apply seaching strategies to facilitste their inclusion
o o [Me permiten aplicar estrategias didacticas para faclitar su inclusion]
1 can describe the main limitations that multimedia materials may
VA Vi 26, contain [Puedo describir las principales limitaciones que pueden
contener los materiales multimedia)
[know the possibilities of operative systems and browsers for
s o modifying accessibility, speed, font size ... [Conazeo las posibilidades
VA Vi Z. 4 8 5
de los sistemas operativos y los navegadoses para modificar la
accesibilidad, la velocidad, ol amano de laletra... |
Ve Vi % Iknow what difficulties that may arise for them in its use [Conazco las
X X dificultades que ks pueden surgiren su uso|
I consider myself competent at locating spedific materials on the web
V7 V7. 2. [Me considero compe ®ente para localizaren la red materiales
especificos)
VR V& n [ know wh:‘.t possibilities ICT offer them [Conazoo las posibilidades
que las TIC le ofrecen]
I feel prepared to help them with the use of technological aids and
Ve Ve 3L their use [Me siento preparado para ayudarles con el uso de los apoyos
tecnologicos y su utilizacion]
Dimension 2 Benefits of ICT for Autism |Dimension 2 Beneficios de las TIC Para Autismo]
N* Initial ltem N EFA Item N®Finalltem | ICT for People with Autism ... Scale [Escala]
[N® Item Inicial] IN® Item AFE] IN? Item Final] [Las TIC Para Personas con Autismo... | 21314l s
V.ia. vio 2 It increases motivation [Incrementan ks motiv acion)
ViIL ViL el It supports kearning [Apoyan el aprendizaje]
Vi2 Vi2 3. It improves kearning [Mejoran el aprendizaje]
V.13 Vii 3. It facilitates independent learning [Facilitan el aprendizaje autonomo)
V.4 Vid 36 Itincreases active participation [Aumentan la participadion activa)
V.5, VI5 7. It strengthens memory [Refuerzan la memoria)
V.16 Vie 3 Itimproves attention [Mejoran la atencion]
Vo, Via. n. It provides capabilities for melating with others [Aportan capacidades
para relacdonarse con los demas)
v van @ It hclPs recognize cmcftcns in others [Ayudan al reconocitniento de
emodones en Jos demas)
VoL VaL . lf h]Pf to understand symbolic play [Ayudan a entender of juego
simbolico)
v Vo o It increases skills linked to vocabulary acquisition [Incrementan
habilidades vinculadas a la adguisicion de vocabulario)
v v o It develops oral language in people with autism [Desarrollan el
lenguaje oral en personas con autismo)
VoL VoL “ It helps to ask for something in an instrumental way [Ayudan a pedir
- - algo de modo instrumental|
V25 Vi s Itex}lﬁana:s .'Julls linked to mading and hjiﬁng [Incrementan
habilidades vinculadas a 1a lectura yescritura)
It proenotes leisure and entertainment [Fomentan el ocdo y
! S
V140, Vi 4. . imiento]
Dimension % Uses of ICT for Autism [Dimension 3: Usos de las TIC en Autismo]
N* [nitial Item N° EFA Item N* Final Item Uses of ICT for People with Autism. .. Scale [Escala]
[N® Item Inicial] IN® Item AFE] IN® Item Final] [Usos de las TIC Para Personas con Autismo... | 2134l s
ViI7. V17, 47. To facilitate the pereeption of ime [Faclitar la peraepcicon del iempo)
VI& VIR @ To enhance communicative and social skills [Favorecer Las destrezas
s v comunicativas y sociales)
VL2 V24 49. To develop communication [Desarrollar la comunicacion|
V127 vz, 3. To develop oral language [Desarrollar del lenguaje ocal]
VIZE. V2R 51 To dcyclop understanding of emotions [Desarrollar la compresion de
emodones)
Vi, Ve, 2 To deyclop the expression of emotions [Desarrollar la expresion de
emodianes)
VL. Va3 5. To manage time [Gestionar el fiempo]
Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 146




Articulo 4 - Agrupacion de articulos cientificos

Educ. Sa. 2021, 11,586 250f30
ViiL V3L 5 To stimulate cognitive development [Estimular el desarrollo cognitivo]
Vi Vil . To develop autonomy [Desarrollar ks autonomia)
Vi Va1 %, To carry cut tasks mlated to planning [Realizar tareas relacionadas con
la planificacion]
vin VaL 7. To carry m!_luk‘;_ mlated to organization [Realizar tameas relagonadas
con Ia organazacion)
VL3, \35. ® To carry out tasks mlated to tlf-};mﬂaﬁm [Realizar tamas
relacionadas con la autorregulacion)
V1% 36 ™ To carry out tasks mlated to memory [Realizar tareas relacionadas con
la memoria)
VL7 Va7, 6L To facilitate learning how to read [Facilitar el aprendizaje de la kectura)
VLS. - 6L To f:'cil.iza!z learning how to write [Facilitar el apmndizaje de la
escritura)
VL. Va9, 62 To facilitate learning arithmetic [Facilitar el aprendizaje del cilculo]
SUBSCALE X Uses and Benefits of Apps in Assisting People with Autism
[SUBESCAILA 3. Usos y Beneficios de las Apps en la Atencion de las Personas con A atismo]
Dimension 1: Benefits of Apps for Autism [Dimension 1: Beneficios de las Apps Para Autismo]
N* Initial ltem N EFA Item N final Item Apps for Peaple with AUTISM ... Scale [Escala]
IN" ltem Inicial] [N® Item AFE] [N? Item Final] [Las Apps Para Personas con Autismo... | 213145
VILG V& 3. Stimulate cogitive development (Estimula el desarrollo cognitivo)
i 8 Make it easier to carry out memory-related tasks [Faclita realzar
VILIL VIL 64 J ’ s
tareas relacionadas con la memoria)
VILIZ viz . Facllitate learning how to read {Facilita el aprendizaje de la lectura)
VILIA VIS . Promote keisure and entertainment [Fomenta el oco yentsenimiento)
Complement the use of other, traditional means of working (book,
VIIL1& Vik 7. blackboard, etc. ) [Complementa el uso de ctros medios de trabajo
tradicionales (libro, pizarra. .. )}
VIILIS V17, . \L\Le psv:hopcd:mc inwrvention moa c.&cﬁve [Hace que la
intervencion psicopedagogica sea mas e fectiva)
viLa VIR @ Are a complement for reinforcing what has previousy been worked oa
B B |Es un complemento para reforzar Lo trabsjado con anterioridad |
VIILZ. Via. n Area way to consolidate concepts [Es una forma de afiarzar
conceptos)
VILIL v2u 7L Are a motiv ating tool [Results una herramienta motivadora)
VILZA. V2 3 Facilitate socialization [Facilita la socializacion)
Dimension 2: Uses of Apps for Autism [Dimension 2 Usos de las Appsen Autismo]
N* Initial Item N* EFA [tem N° Final Item Uses of Apps for People with Autism ... Scale [Escala)
[N® Item Inicial] IN® Item AFE] [N Item Final] |Usos de las Apps Para Personas con Atismo.... | 213 L&l s
VILL VL 73 To develop communication [Desarrollar la comunicacion)
ViL2 v2 N To develop oral language [Desarrollar del kenguae oral]
ViLa va = To develop understanding of emotions [Desarrollar a compresion de
L3 . ey mmm}
VILA Vi 7% To rky:lopcxpmmim of emotions [Desarrollar |3 expresion de
emodones)
VILA Vi 7. To manage time [Gestionar el empo]
VIL?. V7. 78. To develop autonomy [Desarrollar b autonomia)
VIIA V& . To carry out(tiasks mlated to planning [Realizar tareas relacionadas con
1a planificacion)
VLG va & To carry out tasks mlated to organzation [Realizar tamas relacionadas
3 g 2 con ks organizacion)
VILID Vo 81 To carry out tasks mlated to self-regulation [Realzar tamas
Wt 4 relacionadas con la autorregulacion)
VILIL VL To b'chu! learning how to write {Facilitar el apmndizaje de la
escritura)
VILIKL Vi & To facilitate learning arithmetic [Fadlitarel aprendizaje del cilculo)
VI VIl Tf’ hold ateention for longer time [Mantener la atencion durante mas
tiempo]
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SUBSCALE & Uses and Possibilities of Specific Apps for People with A utism
[SUBESCALA 4 Usos y Posibilidades de las Apps Especificas Para las Personas con Autismo
Di ion 1: Functionality [Di L= Funcionalidad]
R T R Functianalay of Speafic Apps for Peaple unth Autism ... Scale [E
N° Initial ltem N EFA Item N* Final Item BT 4 " ale [Escala)
IN® ftem Inicial] IN" item AFE] IN® ftem Final] [‘I'unnamﬁdnddr las Apps Espeaificas Para Personas con Astismo. .. 23T el s
They enable universal scessibility (changes in font size, colous,
IX8. V& . graphicelements, etc.) [Fermiten una accesibilidad universal (cambios
del tamano de letra, en el color, en los elermentos graficos, ... )]
.10 VI 86 They function carmctly [Funcionan correctamente ]
.15 V15, 8. They respect the pace of learning [Respetan el ritmo de aprendizaje]
16, Ve & They gmbk the user to adﬁi pcrwn.\lmed _im.:;;s or picmgr::r?s
[Permiten al usuario afadir imagenes o pictogramas personalizados)
Ny V7. ™ They spc\:fv the age they are designed for [Espedifican laedad a la que
van destinadas)
XIS, VIR . Thcv are available in several languages [Estan disponibles en varios
idiomas)
.19, Vi 9L They track the user’s progmss [Realizan un seguimiento del trabajo]
: + N o o
.20, vao. s They faehm: asessment and user progres tracking [Facilitan la
evaluacon y seguimiento del usuario]
Dimension 2 Applicability [Dimension 2 Aplicabilidad]
Vil | NEAlkn | N milen | ST e e T ok
IN® ftem Inicial] IN® ftem AFE] IN* Item Finall | s HEOE
el Vi @ They can be found easily on Google Play or the App Store [Se
% 2 e encuentran con faclidad en Google Play Store o en App Store]
Xz \ 72 a9 They are available on smartphones [Estan disponibles para mavil)
X3 Vi 9. They are availsble on tablets [Estan disponibles para Tablet]
X4 V4 96, There are many of them [Son numerosas)
They are varied in terms of subject area (emotions, communication,
IX5. Va. 97. time management, etc.) [Son variadas en cuanto a femstica (emociones,
comunicacion, gestion del tiempo.... )]
; . They include tasks that mspond to their needs [Contienen tareas que
IX6. Vi 8. 7
responden a sus necesidades|
. Vi ™ Their design is adapb:d.t?&:ir characteristics [Tienen un disefio que
se xlapta a sus carackeristicas)
X9 Vo 100 They offer different codes of communication (visual, auditory)
A L [Presentan difentes cddigos de comunicacion (visual/ auditvo))
1L ViL 10L They are intuitive and easy to use [Son intuitivas y faciles manejar]
12 vi2 10 They present their content in a clear and intuitive way [Presentan los
e 2 = contenidos de forma clara e intuitiva)
Do Viz el Thcvs;:ccvawhat content they indude [Especifican qué contenidos
incluyen)
.. Vi4 104 They include suitable content [Incluyen contenidos adecuados)
oot Va1 105 They offer a controllable environment and situation [Ofrecen un
oy oS = entorno y situacion controlable]
Dimension 3: Uses of Specific Apps for Autism [Dimension 3: Usos de las Aplicaciones Especificas Para Autismo]
N® Initial Item N* EFA Item N’ Final Item Uses of Spedific Apps for People with Autism. .. Scale [Escala]
[N® Item Inicial] [N® Item AFE] [N® Item Final] [Usos de las Apps Espeaficas Para Personas con Autismo. .. | 21345
X22 v 106 Work nn.thc area of emotions in a suitable way [Trabajar el ambito de
las emodiones de forma adecuada)
- Work on the area of oral language in a suitable way [Trabajar el 3mbito
2 )
X va, uz. del lenguaje oral de forma adecuada)
X2L VL 108 V'A'org on the area oa communication in a suitable way [Trabajarel
ambito comunicative de forma adecuada)
X35, V5 109, Work on thcma of lci:uxF and cnttrt?m:m:nl ina smhb'b way
[Trabajar el ambito del odo y entretenimiento de forma xdecuada)
X2% Vai 1o Work on autonomy in a suitable way [Trabajar la autonomia de forma
adecuadal
X7 v 1L V)'ork on time management in a suitable way [Trabajar ks gestion del
tienpo de forma adecuada)
X28 VaR 12 Wo_rk on c'c?grﬁdvcﬁ_dmuhﬁm in a suitable way [Trabajar 3
estimulacion cognitiva de forma adecuads)
X249, Vo n Work on planning in 2 suitable way [Trabajar la planificacidn de forma
adecuadal
- Work on organization in a suitable way [Trabajar la organizacion de
3 7
X30 V3l 14 v mdecumada)
XL VaL 15, Wofk on self-regulation in a suitable way [Trabajar ls autorregulacion
de forma adecuada)
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xa v i it MR "
xa s | T ey
X35 Va5, 19, :‘:“;;"m‘;?;ﬁm: d i"lﬂ itable way [Trabajar el aprendiza

References

1. Acosta, A.; Aguilar-Esteva, V.; Carrefo, R,; Patifio, M.; Patifio, |.; Martinez, M.A. Nuevas tecnologias como factor de cambio
ante los retos de la inteligencia artifidal y la sociedad del conocimiento. Rez. Espac. 2020, 41, 25-32. Available online:
https:/ /bit.ly /3gdc279 (accessed on 27 July 2021).

2. Garcia-Penalvo, FJ. La sociedad del conocimiento y sus implicaciones en la formacion universitaria docente. In Polfticas,
Universidad e Innovacion: Retos y Perspectivas; Toledo, G., Ed.; |.M. Bosch Editor: Barcelona, Spain, 2020; pp. 133-155.

3. Polo, A Sociedad de la informacion, sociedad digital, sociedad de control. Inguruak 2020, 68, 50-77. Available online: https:
/ /bitly/3k1sQiB (accessed on 27 July 2021).

4. Alfonso, LR. La sociedad de la informacion, sociedad del conocimiento y sociedad del aprendizaje. Referentes en torno a su
formacion. Bililiofecas. An. Investig. 2016, 12, 235-243. Available online: https:/ /bit.ly /3sq5fvC (accessed on 27 July 2021).

5. Hemnandez, RM. Impacto de las TIC en la educacion: Retos y perspectivas. Propdsitos Represent. 2017, 5, 325-347. [CrossRef]

6. Perez Zufiga, R; Mercado Lozano, P; Martinez Garcia, M.; Mena Hernandez, E.; Partida Ibarra |, A La sociedad del conocimiento
y la sociedad de la informacion como la piedra angular en la innovacion tecnologica educativa. Rev. Tberoam. Para Investig. Desarro.
Educ. 2018, 8, 847-870. [CrossRef]

7. Organic Law 3/2020, of December 29, on Education. Official State Gazette (Madrid, Spain). 2020. Available online: https:
/ /bitly/3D7NYfU (accessed on 27 July 2021).

8. Fernandez-Batanero, JM.; Bermejo, B. Actitudes docentes hacia las TIC en centros de buenas practicas educativas con ori-entacion
inclusiva. Enseflanza Teach. 2012, 30, 45-61. Available online: https://bit.ly /2Ve28dV (accessed on 27 July 2021).

9. Alcarraz, R L. Ensefianza de las TIC para el desarrollo de competencias cnolégicas en docentes de educacion basica alternativa,
Hamut'ay 2016, 3, 19-30. [CrossRef]

10.  Fernandez Batanero, ].M.; Roman Gravan, ; El Homrani, M. TIC y discapacidad. Conocimiento del profesorado de educacion
primaria en Andalucia. Aula Abierta 2017, 46, 65-72. [CrossRef]

11.  Llorent-Vaquero, M. Nuevos retos en la formacion del profesorado: Las Tecnologias de apoyo a la diversidad. In Proceedings of
the I Congreso Interuniversitario. Educacion Infantil y Primaria. Formacion del profesorado universitario, Cordova, Spain, 9
October 2017; Available online: https:/ /bitly /3hlxqYO (accessed on 27 July 2021).

12 Toledo, P; Llorente, M.C. Formacicn inicial del profesorado en el uso de Tecnologias de la Informacion y la Comunicacién (TIC)
para la educacion del discapacitado. Digit. Educ. Ren 2016, 30, 123-134. [CrossRef]

13, Cazco, GH.O,; Tejedor, E].T; Alvarez, M.L.C. Meta-analisis sobre el efecto del software educativo en alumnos con necesidades
educativasespeciales. Rev. Investig. Educ. 2016, 35, 35-52. [CrossRef]

14 Luque, DJ.; Rodriguez, G. Tecnologia de la informacion y comunicacion aplicada al alumnado con discapacidad: Un acer-
camiento docente. Ren. Theroam. Educ. 2009, 49, 1-8. [CrossRef]

15, Wing, L. El autismo en nifios y adultos. In Una Guia Para la Familia; PAIDOS: Barcelona, Spain, 1998.

16. American Psychiatric Association. Manual de Diagndstico y Estadfstico de los Trastornos Mentales (DSM-V), 5th ed.; Editorial Medica
Panamericana: Madrid, Spain, 2014.

17, Flores, M.; Musgrove, K.; Renner, S,; Hinton, V,; Strozier, S.; Franklin, 5,; Hil, D. A Comparison of Communication Using the
Appke iPad and a Picture-based System. Augment. Altern. Commun. 2012, 28, 74-84. [CrossRef]

18, Desai, T; Chow, K.; Mumford, L.; Hotze, F,; Chau, T. Implementing an iPad-based alternative communication device for a student
with cerebral palsy and autism in the classroom via an access technology delivery protocol. Comput. Educ. 2014, 79, 148-158.
[CrossRef]

19. Mercado, J.; Escobedo, L.; Tentori, M. A BCI video game using neurofeedback improves the attention of children with autism. |.
Multimodal User Interfaces 2021, 15, 273-281. [CrossRef]

20.  Wedyan, M;; Falah, ].; Alturki, R ; Giannopuly, L; Alfalah, S.EM.; Elshaweesh, O.; Al-Jumaily, A. Augmented reality for autistic
children to enhance their understanding of facial expressions. Multimodal Technol. Inferact. 2021, 5, 48. [CrossRef]

21 Jiménez, M.D),; Serrano, ].L.; Prendes, MLP. Estudio de caso de la influencia del aprendizaje electronico movil en el desarrollo de la
comunicacion y el lenguaje con un nifio con TEA. Educar 2017, 53, 419-443. Available online: https://www.redalyc.org/articulo.
0a?id=342151828010 (accessed on 27 July 2021).

22 Fage, C; Consel, C.Y; Balland, E.; Etchegoyhen, K.; Amestoy, A.; Bouvard, M.; Sauzéon, H. Tablet Apps to Support First School

Inclusion of Children With Autism Spectrum Disorders (ASD) in Mainstream Classrooms: A Pilot Study. Front. Psychol. 2018, 9,
2020. [CrossRef] [PubMed]

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 149



Articulo 4 - Agrupacion de articulos cientificos

Educ Sa. 2021, 11,586 28 of 30

26.

B2

3L

2

&

g2 B 3

s

47.

Teixeira, L.; Cunha, M. 123 Autismo: Um aplicativo movel para auxiliar no ensino de habilidades iniciais da matematica a
criangas com autism. In Proceedings of the VIII Congresso Brasileiro de Informatica na Educagao, Brasilia, Brazil, 11 November
2019; pp. 1172-1179. [CrossRef]

Sweidan, 5.Z.; Salameh, H.; Zakarneh, R ; Darabkh, KA. Autistic Innovative Assistant (AIA): An android application for Arabic
autism children. Intevact. Learn. Environ. 2019. [CrossRef]

Lazaro-Cantabrana, ].L.; Sanroma, M.; Molero, T.; Queralt, M;; Llop, M. Disefio de una aplicacién movil para la seguridad
de las personas con trastorno del espectro autista: SOS TEA. Rent Educ. Inclusiva 2019, 12, 139-160. Available online: https:
/ /bitly/3sM9CBz (accessed on 27 July 2021).

Lozano, |.; Ballesta, E; Cerezo, M.C,; Alcaraz, 5. Las Tecnologias de la Informacién y la Comunicacion (TIC) en el proceso de
ensefianza y aprendizaje del alumnado con Trastorno del Espectro Autista (TEA). Ren. Fuentes 2013, 14, 193-208. Available online:
https:/ /nY.cl/ fohuv (accessed on 27 July 2021).

Suarez, F.; Mata, B.; Peralbo, M. Valoracion de un programa de intervencion para nifios con TEA basado en las TIC. Rew. Estud.
Investig. Psicol. Educ. 2015, 9, 094-098. [CrossRef]

Cintado, J.L.G.; Bueno, CM.; Rodriguez, M.B.; Bueno, E.M.; de la Fuente Martinez, M.L.; Mufoz, L.C. Una “inclusiva” mirada de
la ecnologia en nuestro colegio. Trabajando con una mirada especial: TEA y TIC en nuestro colegio. Rew. Padres Maest. 2016, 365,
4148, [CrossRef]

Rodriguez, A. Caminando con sentido hacia la inclusion educativa Mundial. |. RETOS XXI 2017, 1, 9-15. Available online:
https:/ /acortac link/ BWOy3w (accessed on 27 July 2021).

Parsons, 5.; Leonard, A.; Mitchell, I’ Virtual environments for social skills training: Comments from two adolescents with autistic
spectrum disorder. Comput. Educ. 2006, 47, 186-206. [CrossRef]

Acedo, M.T.; Herrera, S.5,; Traver MT, B. Las TIC como herramienta de apoyo para personas con Tras-torno del Espectro Autista
(TEA). Ren. Nac. Int. Educ. Inclusioa 2016, 9, 102-136. Available online: https://acortar.link/ yFIU2t (accessed on 27 July 2021).
Guzman, G.; Putrino, N.; Martinez, F,; Quiroz, N. Nuevas tecnologias: Puentes de comunicacion en el trastorno del espectro
autista (TEA). Terapia Psicoldgion 2017, 35, 247-258. [CrossRef]

Corréa, A.G.D,; De Assis, G.A.; Nascimento, M.DD.; Lopes, RD.D. Perceptions of clinical utility of an Augmented Reality musical
softw are among health care professionals. Disabil. Rehabil. Assist. Technal. 2015, 12, 205-216. [CrossRef]

Muharib, R.; Alzrayer, N.M.; Wood, C.L.; Voggt, A.P. Backward chaining and speech-output technologies to enhance functional
communication skills of children with autism spectrum disorder and developmental disabilities. Augment. Altern. Commun. 2019,
35,251-262 [CrossRef]

Koumpouros, Y. An “all-in-one” wearable application for assisting children with Autism Spectrum Disorder. Technol. Disabil.
2021, 33, 65-75. [CrossRef]

Thiel, L.; Sage, K.; Conroy, P. Promoting linguistic complexity, greater message length and ease of engagement in email writing in
peopke with aphasia: Initial evidence from a study utilizing assistive writing software. Int. [. Lang. Commun. Disord. 2016, 52,
106-124. [CrossRef] [PubMed]

Muhammad, K.; Khan, N,; Lee, M.Y,; Imran, A.S;; Sajjad, M. School of the future: A comprehensive study on the effectiveness of
augmented reality as a tool for primary school children’s education. Appl. Sa. 2021, 11, 5277. [CrossRef]

Fantozzi, V.B. “It's Everyone's iPad”: Tablet use in a play-based preschool classroom. |. Early Child. Res. 2021, 19, 115-127.
[CrossRef]

Laranjeiro, D. Development of Game-Based M-Leamning Apps for Preschoolers. Educ. Sei. 2021, 11, 229, [CrossRef]
Gallardo-Montes, C; Cara, M.C;; Moya, E.C,; Ferndndez, 5.]. Assessment of Apps Aimed at Developing Basic Instrumental Skills
in Autistic Children and Teenagers. Mathematics 2021, 9, 1032. [CrossRef]

Hajjar, M.E; Alharbi, S.T.; Ghabban, EM. Usability evaluation and user acceptance of mobile applications for saudi autistic
children. Int. |. Interact. Mob. Technal. 2021, 15, 30-46. [CrossRef]

Purnama, Y.; Herman, F.A; Hartono, |.; Neilsen, ].; Suryani, D.; Sanjaya, G. Educational software as assistive technologies
for children with Autism Spectrum Disorder. In Proceedings of the 5th International Conference on Computer Science and
Computa-tional Intelligence, Yakarta, Indonesia, 19 November 2020. [CrossRef]

Wang, PH.; Hsu, T. Application of amplified reality to the cognitive effect of children with attention deficit hyperactivity disorder
(ADHD}An example of Italian chicco-app interactive building blocks. In Proceedings of the 1st IEEE Intemational Conference on
Knowledge Innovation and Invention, Jeju, Korea, 23-27 July 2018.

Munoz-Repiso AG, V.; Gomez-Pablos, V.B.; Garcia, C.L. ICT in collaborative learning in the classrooms of Primary and Secondary
Education. Comunicar 2014, 21, 65-74. [CrossRef]

Almenara, ].C.; Fernandez-Batanero, | M.; Cordoba-Pérez, M. Conocimiento de las TIC aplicadas a las personas con discapaci-
dades. Construccion de un instrumento de diagnostico. Magis Rew. Inf. Investig. Educ. 2016, 8, 157-176. [CrossRef]

Randazzo, E,; Oteri, B. Evaluacion del uso de las Tics y el bienestar docente en el profesorado de educacion secundaria de
segundo gradoen ltalia. In Psicologfa y Educacion: Presente y Futuro; Castejon, ].1., Ed.; ACIPE: Madrid, Spain, 2016; pp. 2500-2507.
Availabk online: https:/ /bit.ly/3fkP51M (accessed on 27 July 2021).

Fernandez-Munoz, R.; Gértrudix, F; De Cisneros, |.; Rodriguez, |.; Rivas, B. La formacion del profeso-rado en Tecnologia
Educativa: Practicas profesionales. Rev. Latinoam. Tecnol. Educ. 2015, 14, 115-132. [CrossRef]

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 150



Articulo 4 - Agrupacion de articulos cientificos

Educ Sa.2021, 11, 586 X 0f30

48.  Arancibia, M.L.; Cabero, ].; Marin, V. Creencias sobre la ensefianza y uso de las tecnologias de la informacion y la comunicacion
(TIC) en docentes de educacion superior. Form. Univ. 2020, 13, 89-100. [CrossRef]

49, Aguilar-Velazquez, R.; Garcia-Hernandez, LL1; Corla-Avila, G.: Toledo-Cardenas, M.R.; Herrera-Covarrubias, D.; Hernan-dez-
Aguilar, M.E.; Manzo-Denes, J. LEA: Aplicacién web para estimular la lectoescritura en nifios con autismo. Ren. Eduscientia.
Divulg. Cienc. Educ. 2020, 3, 46-63. Available online: https:/ /bitly/3hLoexh (accessed on 27 July 2021).

50. Bondioli, M.; Buzzi, M.C,; Buzzi, M.; Giuca, M.R.; Pardossi, E; Pelagatti, S.; Semucd, V.; Senette, C.; Uscidda, F; Vagelli, B. My
dentist: Making children with autism familiar with dental care. Adu Infel. Syst. Comput. 2018, 806, 365-372. [CrossRef]

51. Franco,N,; Lima, T;; Lima, A; Silva, E; Lima, R ; Cavalcante, T; Fidalgo, R. aBoard: Uma plataforma para educagao inclusiva a
partir de comunicacio aumentativa e/ ou alternative. In Proceedings of the VI Congresso Brasileiro de Informatica na Edu-cagao,
Recife, Brasil, 30 October 2017; pp. 977-986.

52 Montes, CD.PG,; Fuentes, A.R.; Cara, M.J.C. Apps for people with autism: Assessment, classification and ranking of the best.
Technol. Soc. 2021, 64, 101474 [CrossRef]

53.  Vyshedskiy, A.; Khokhlovich, E; Dunn, R; Faisman, A ; Elgart, ].; Lokshina, L.; Gankin, Y.; Ostrovsky, S.; Detorres, L.; Edelson,
S.M.;etal Novel Prefrontal Synthesis Intervention Improves Language in Children with Autism. Health 2020, 8, 566. [CrossRef]
[PubMed]

54 AlAttiyah, A; Dababneh, K.; Hamaidi, D.; Arouri, Y. Employing assistive technologies in teaching children with disabilities in
early childhood settings: Teachers” perceptions. Int. [. Early Years Educ. 2020. [CrossRef]

55.  Alshurman, W.M.; Al-Saree, LLA ; Amreet, K. The role of assistive technology in success of the individual education program for
disabled students in Jordan. Int. [. Ado. Sd. Technal. 2020, 29, 825-837. Available online: https:/ /bit.ly /3970 (accessed on 27
July 2021).

56. Arouri, YM.; Attiyah, A.A.; Dababneh, K; Hamaidi, D.A. Kindergarten teachers’ views of assistive technology use in the
education of children with disabilities in Qatar. Eur. [. Contemp. Educ. 2020, 9, 290-300. [CrossRef]

57.  Blossom Cygnet, A.; Silamboli, S.; Kanmani, S.; Sujathamalini, J.; Gunasekaran, K. Knowledge, skills and professional develop-
ment of special education teachers to handle assistive technology for students with disabilities. Int. |. Adv. Sa. Technol. 2019, 28,
218-224. Available online: https:/ /bit.ly / 3xX0Cuj (accessed on 27 July 2021).

58.  Chukwuemeka, EJ.; Samaila, D. Teachers’ Perception and Factors Limiting the use of High-Tech Assistive Technology in Special
Education Schools in North-West Nigeria. Contemp. Educ. Techndl. 2019, 11, 99-109. [CrossRef]

Eden, S.; Navon, M.; Shamir, A. Teachers” attitudes, motivation, and use of iPads to support children with leaming disabilities
versus children with autism spectrum disorder. |. Cogn. Educ. Psychol. 2019, 18, 131-159. [CrossRef]

60. Emmers, E.; Baeyens, D.; Petry, K. Attitudes and self-efficacy of teachers towards inclusion in higher education. Eur. |. Spéc. Needs
Educ. 2019, 35, 139-153. [CrossRef]

61 Ortiz Colon, A.; Almazan Moreno, L.; Pefaherrera Leon, M.; Cachon Zagalaz, ]. Formacion en tic de futuros maestros desde el
analisis de la practicaen la Universidad de Jaén. Pixel-Bit Rev. Medios Educ. 2014, 44, 127-142. [CrossRef]

62 Ortiz-Jiménez, L.; Figueredo-Canosa, V.; Castellary Lopez, M.; Lopez Berlanga, M.C. Teachers’ Perceptions of the Use of ICTs in
the Educational Response to Students with Disabilities. Sustainability 2020, 12, 9446. [CrossRef]

63. Pegalajar Palomino, M.D.C. Disefio y validacion de un cuestionario sobre percepciones de futuros docentes hacia las TIC parael
desarrollo de practicas inclusivas. Pixel-Bif Rev. Medios Educ. 2015, 47, 89-104. [CrossRef]

Hair, |.E; Black, W.C.; Babin, B.].; Anderson, R E. Multivariate Data Analysis, 8th ed.; Prentice Hall: New York, NY, USA; Upper
Saddle River, NJ, USA, 2018,

65.  Montero, I; Leon, O.G. A guide for naming research studies in psychology. Int. . Clin. Health Psychol. 2007, 7, 847-862. Available
online: https:/ /bit ly/ 3xSBzIF (accessed on 27 July 2021).

Lorenzo-Seva, U,; Ferrando, P]. FACTOR: A computer program to fit the exploratory factor analysis model. Behav. Res. Methods
2006, 38, 88-91. [CrossRef] [PubMed]

67. Bentler, PM,; Yuan, K-H. Structural equation modeling with small samples: Test statistics. Mulfiar. Behav Res. 1999, 34, 181-197.
[CrossRef] [PubMed]

68. Tanaka, J.S; Huba, G.J. A fit index for covariance structure models under arbitrary GLS estimation. Br. |. Math. Stat. Psychol. 1985,
38,197-201. [CrossRef]

. Kelley, T.L. Essential Traits of Mental Life; Harvard University Press: Cambridge, MA, USA, 1935.

70.  McDonald, R.P; Marsh, H-W. Choosing a multivariate model: Noncentrality and goodness of fit. Psychol. Bull. 1990, 107, 247-235.
[CrossRef]

71 Blunch, N.J. Introduction to Structural Equation Modeling Using IBM SPSS Statistics md AMOS; SAGE: Thousand Oaks, CA, USA,

2013.

Muthen, LK.; Muthén, B.O. Mpius User’s Guide, 5th ed.; Muthén & Muthén: Los Angeles, CA, USA, 2007.

Escobar-Pérez, ].; Cuervo-Martinez, A. Validez de contenido y juicio de expertos: Una aproximacion a su utilizacién. Az. Med.

2008, b, 27-36. Available online: https/ /bit.ly /3ik8MIw (accessed on 27 July 2021).

74 Skjong, R.; Wentwaorth, B.H. Expert judgment and risk perception. In Proceedings of the 11th International Offshore and Polar
Engineering Conference, Stavanger, Norway;, 17-22 June 2001.

75. Shrout, PE,; Fleiss, ].L. Intraclass correlations: Uses in assessing rater reliability. Psychdl. Bull. 1979, 86, 420428, [CrossRef]

RN

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 151



Articulo 4 - Agrupacion de articulos cientificos

Educ Sa.2021, 11,586 30 of 30

76.  Schmider, E; Ziegler, M.; Danay, E.; Beyer, L.; Biithner, M. Is It Really Robust? Reimuestigating the robustness of ANOVA against
violations of the normal distribution assumption Methodology 2010, 6, 147-151. [CrossRef]

George, D.; Mallery, P. SPSS for Windows Step-By-Step: A Simple Guide and Reference (14.0 Update), 7th ed.; Allyn & Bacon: Boston,
MA, USA, 2006.

78, Timmerman, M.E; Lomenzo-Seva, U. Dimensionality assessment of ordered polytomous items with parallel analysis. Psychal.

Methods 2011, 16, 209-220. [CrossRef]

Baglin, ]. Improving your exploratory factor analysis for ordinal data: A demonstration using FACTOR. Pract. Assess. Res. Eoal.

2014, 19, 1-15. [CrossRef]

Ledesma, R; Ferrando, P; Tosi, J. Uso del Analisis Factorial Exploratorio en RIDEP. Recomendaciones para Autores y Revisores.

Rev. Theroam. Diagndstico Evaluaciin-Avaliagdo Psicdloacute Gica RIDEP 2019, 52, 173-180. [CrossRef]

Lloret-Segura, S.; Ferreres-Traver, A.; Hernandez-Baeza, A.; Tomas-Marco, L. El analisis factorial exploratorio de los items: Una

guia practica, revisada y actualizada. An. Psicol. 2014, 30, 1151-1169. [CrossRef]

Fernandez, S5.d.LE. Andiisis Factorial; Universidad Autonoma de Madrid: Madrid, Spain, 2011.

Tabachnick, B.G.; Fidell, LS. Using Multivariate Statistics, 4th ed.; Allyn & Bacon: Boston, MA, USA, 2001.

Bentler, PM.; Bonett, D.G. Significance tests and goodness of fit in the analysis of covariance structures. Psydwl. Bull. 1980, 88,

588-606. [CrossRef]

Byme, BM. Structural Equation Modeling with AMOS: Basic Concepis, Applications, and Programming, 2nd ed.; Routledge: New York,

NY, USA, 2010.

Kline, R B. Principles and Practice of Structural Equation Modeling, 3rd ed.; The Guilford Press: New York, NYY, USA, 2011.

Kaplan, D. Structural Equation Modeling: Foundations and Extensions, 2nd ed.; SAGE Publications Ltd: NewYork, NY, USA, 2009.

Mulaik, S.A. Linear Causal Modeling with Structural Equations; CRC Press: Boca Raton, FL, USA, 2009,

Hooper, D.; Coughlan, ].; Mullen, M. Structural equation modelling Guidelines for determining model fit. Electron. |. Bus. Res.

Methods 2008, 6, 53-60. [CrossRef]

Yu, C.Y;; Muthen, B. Evaluating Cutoff Criteria of Model Fit Indices for Latent Variable Models with Binary and Continuous

Qutcomes. Ph.D. Thesis, American Educational Research Association, New Orleans, Louisiana, 2002,

Cea, D.; Ancona, M.A. Metodologfa Cuantitativa: Estrategias y Téonicas de Investigadion Social; Sintesis: Madrid, Spain, 2001.

Elosua, I; Zumbo, B.D. Coeficientes de fiabilidad para escalas de respuesta categorica ordenada. Psicothema 2008, 20, 896-901.

Available online: https:/ /bitly/37Ut2KY (accessed on 27 July 2021).

93, Fornell, C; Larcker, D.F. Evaluating structural equations models with unobservable variables and measurement error. |. Mark.
Res. 1981, 18, 39-50. [CrossRef]

94 VandenBosch, M.B. Confirmatory compositional approaches to the development of product spaces. Eur. |. Mark. 1996, 30, 23-46.
[CrossRef]

95, Prieto, G; Delgado, AR Fiabilidad y validez. Pap. Psicflogo. 2010, 31, 67-74. Available online: https://bitly /3886fvn (accessed
on 27 July 2021).

96 Wang, Y.-P; Gorenstein, C. Psychometric properties of the Beck Depression Inventory-Il: A comprehensive review. Ren. Bras.
Psiquiatr. 2013, 35, 416-431. [CrossRef] [PubMed]

7. Bagozzi, RP; Yi, Y. On the evaluation of structural equation models. |. Acd. Mark. Sa. 1988, 16, 74-94. [CrossRef]

98.  Arias, B. Desarrollo de un ejemplo de analisis factorial confirmatorio con LISREL, AMOS y SAS. In Metodologfa en Ia Investigacidn
Sobre Discapacidad: Introduccion al Uso de las Ecuaciones Estructurales; Verdugo, M., Crespo, M., Badia, M., Arias, B,, Eds,;
Publicaciones del INICC: Salamanca, Spain, 2008; pp. 75-120.

%9.  Cortada de Kohan, N. Teorfas Psicométricas y Construccidn de Tests; Lugar Fditorial: Buenos Aires, Argentina, 1999,

(=

o
o

2 BEIR & EER

<l -y
[ S8 ]

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 152






Articulo 5 - Agrupacion de articulos cientificos

Articulo 5. Functionality of apps for people with autism: Comparison

between educators from Florence and Granada

1. Introduction

The use of mobile apps is the order of the day, due to the potential and ease of use they
offer, and the convenience and immediacy that they give. So much so, that in the main
app catalogues, their presence is immense, with apps for a multitude of needs, situations

and target users.

The apps available for smartphones and tablets extend to all sectors of society,
and are not confined merely to ludic use but address fields such as medicine, education,

and social or financial areas.

This proliferation of apps has undoubtedly reached those people with more
specific needs and difficulties, such as children and adults with autism. There are
hundreds of apps for working on different areas of development, while there are many
studies focused on their potential and on the benefits that they provide. One example of
this is the research — with encouraging results — on the use of apps focusing on the
executive functions for people with autism (Weng & Bouck, 2014; Li et al., 2018; Yerys
et al., 2019; Flynn et al., 2019; Wright et al., 2020; Wagle et al., 2021), on the basic
instrumental skills (Sweidan et al., 2019; Teixeira & Cunha, 2019; Aguilar-Velazquez et
al., 2020), or on the Theory of Mind (Fage et al., 2018; Flores et al., 2012; Jiménez et al.,
2017; Lozano et al., 2013; Weisblatt et al., 2019).

However, their use is not quite as widespred as might be wished. People with
autism have difficulties in aspects linked to communication, language and social
interaction (APA, 2014), and, despite the fact that interventions using information and
communication technology (ICT) and apps have produced encouraging results in these
areas, it is not particularly common practice in teaching institutions or in

psychopedagogic therapies.

Studies on the usage and frequency of use of apps in formal and informal
education with people with autism are non-existent, as is the case with studies on other
types of technological resources (Eye Tracking, Virtual Reality, Augmented Reality
(AR), Mixed Reality, Robotics, Digital Communication Boards, etc.). There are many
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studies on the potential of ICT for people with functional diversity and, more specifically,
autism (Abu-Amara et al., 2021; Giaconi et al., 2021; Lledo6 et al., 2022; Mosher &
Carreon, 2021; Ozdemir et al., 2022; Wedyan et al., 2021), but not so many that look at
the motivation for using such resources, the digital training of educators, or the difficulties
and simplicities that professionals find in their use. Table 1 shows previous studies from
different countries on the perceptions of educators regarding the application of various

technologies in the classroom with students with ASD or, specifically, autism.

Table 1
Previous studies on the perception of teachers regarding the application of technologies

in the classroom with people with autism

Study Sample Objectives Conclusions
To analyse the impact
of implementing - AR is a real support aid during cognitive
EZ;?EEdO & 7 teachers MOBIS (Augmented therapy
(2014) (Mexico) Reality - AR) with - It improves teaching performance
teachers of students - It reduces teachers’ workload

with autism

Identify and assess the - Apps show potential for working with students
application of inclusive ~ with ASD

response measures in - Lack of teacher training in technologies

Lledoé et al. 20 schools

(2020) (Spain) classrooms specifically - Lack of knowledge about apps for students with
for students with ASD  ASD
Analyse teacher - ICT and AR are a motivating element for

. 20 . . .
Martinez teachers training with regard to  teaching
(2020) (Spain) ICT and AR in - ICT and AR promote active participation
p specialized classrooms - Lack of teacher training on digital technology
- Lack of equipment, digital resources and

Identify the obstacles coordination between teachers

Sabayleh & 70 ‘Feachers ﬁI.ld when - Lack O.f training for designing digital
implementing educational programs

Al h teach .2
ramamne eachers technologies in

Difficulty of students in using different

(2020) (Jordan) classrooms with technologies
students with autism - Software barely adapted to the needs of students
with autism
- The most experienced teachers support the use
Perception of teachers of tablets with apps more than those with less
on using the app experience
(Ozr(r)lza (r))et al. ?hjgizhes:irs) Autism Aid in - Most teachers recognize the potential of tablets
Y classrooms with - Tablets can disrupt the pace of the class and the
students with autism rest of students
- Apps facilitate access to the school curriculum
- Technologies significantly assist in the
development of key competences
- They encourage the participation and inclusion
. 142 Discover teachers’ of students with ASD
Saladino et . .
al. (2020) teachers  perception about. the - Apps er}hance thF: commgnlcatlon and
(Italy) use of technologies interaction of children with ASD

Teachers with more experience do not use ICT
Teachers need to know which digital resources
are suitable for each student
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As stated, research on the motivation for using apps, frequency of use and the
difficulties found by professionals who work with people with autism in order to use them
are almost non-existent. This is also the case for studies focused on app evaluation. There
are several studies on the benefits of using apps designed specifically for people with
autism (Sweidan et al., 2019; Smith et al., 2020; Aguilar-Veldzquez et al., 2020;
Vyshedskiy et al., 2020), but not on whether the apps used are of an acceptable quality or
if they really attend to the needs and characteristics of the user with autism. In this regard,
Choez (2018) carried out a review and analysis of apps for children with autism,
highlighting that in 2017 there were more than 1300 apps, but that there were no studies
that assessed whether they were suitable or not. Among the apps analysed in this study,
José Aprende and EmoPLAY stood out for their quality. Diaz (2018) evaluated apps for
people with autism, noting the lack of categorizations according to type of disability or
the quality of the app, concluding that only 37.68% were of acceptable quality, and that
these focused mainly on the development of social competences. Some of the apps that
stood out for their quality were José Aprende and El Viaje de Elisa. Larco et al. (2018)
reviewed and assessed 65 apps for people with autism, concluding that 38% were of
acceptable quality. These apps (among which we find Pictoagenda and Pictotraductor)
were mainly focused on the development of the social environment, autonomy and, to a
lesser degree, linguistic and communicative skills. Ramoén (2019) evaluated augmented
reality apps, asserting that there was a scarcity of apps designed for this purpose, and
offered a list of apps for people with autism, including #Soyvisual, Proyecto Emociones
and José Aprende. Capel (2021) analysed and assessed 50 apps for developing
communication for students with autism, indicating that 8 were of excellent and 17 of
adequate quality. Among the recommended apps were: #Soyvisual, Symbotalk - AAC
Talker, MITA, Pictoagenda, Pictotraductor and CommBoards. Gallardo-Montes et al.
(2021a y 2021b) evaluated 155 apps for people with autism, of which only 14 attained
scores that were notably higher than the rest. The apps mainly focused on advancing
executive functions, basic instrumental skills, communication and language, with less
space dedicated to emotional development and time management. Noteworthy apps were:
#Soyvisual, MITA, Symbotalk - AAC Talker, CommBoards, Smile and Learn, LEA and
Proyecto Emociones.

Yet, as already mentioned, there is a scarcity of research both on the uses made of
apps in schools and in psychopedagogic therapies by specialists for attending to people

with autism, and on the benefits found in their use. There is not enough information that
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would make it possible to compare results, or for educators and parents to be able to make
a conscious choice over their use. This study, therefore, has the following aims:
1. Investigate the frequency of use of apps by educators in Florence and Granada.
2. Determine the benefits that educators in Florence and Granada find when using
apps for attending to people with autism.
3. Discover what uses educators in Florence and Granada make of apps for attending
to people with autism.
4. Determine the benefits and uses of apps according to sex, age, years of experience,
city of origin, place of work, and type of teacher.
5. Find out which apps specifically for people with autism are used by educators in

Florence and Granada.

2. Method
This is a quantitative study with a non-experimental, comparative and cross-sectional

descriptive design.

2.1 Participants
The initial sample comprised 1261 professionals from working in education in the cities
of Granada (G), Spain (n = 443) and Florence (F), Italy (n = 818). After the first analysis,
based on the inclusion criterion of “experience with the use of apps for people with
autism”, the final sample sample ended up with 286 participants, 159 from Granada and
127 from Florence. For the participant selection, non-probability convenience sampling
was undertaken.

The participants from Granada consisted of 159 women (84.3%) and 25 men
(15.7%), with ages between 20 and 64 years old (M = 37.67; SD = 10.50), and with
experience working with children with autism below the age of 10 years old (84.9%). The
majority were Therapeutic Pedagogy teachers (34.6%) and general teachers (20.1%) who
work in the stages of primary education (80.5%) and preschool (57.2%), in schools with
internet access (98.7%) and available computers (93.7%), tablets (73.6%) and projectors
(62.3%).

The participants from Florence were made up of 127 women (89.9%) and 13 men
(10.2%), aged between 25 and 58 years old (M = 37.98; SD = 8.14), and with experience
with people with autism younger than 10 years old (95.3%). They were mostly support
teachers (74.0%) and general teachers (42.5%) who worked in the stages of primary
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education (55.9%) and preschool (37.8%), in schools with internet access (95.3%), and
with computers (89.8%), projectors (56.7%) and tablets (55.9%).

Bearing in mind the significant number of female participants, the sex and/or gender
did not result in bias in this investigation, as studies in Social Science and Legal Science

have a predominance of women (Gialamas et al., 2013; Marin-Diaz, 2018).

2.2 Instrument

In order to discover the use and frequency that the educators make of apps, along with
the benefits that they find in them for working with people with autism, we administered
the Italian version of the questionnaire — “Questionario sulla formazione e sulle
competenze legate all’'use delle ICT degli insegnati che operano con alunni disabili”
[“Questionnaire on training and competences related to the use of ICT for teachers who
work with disabled pupils”] (Gallardo-Montes et al., 2020), and the Spanish version,
“Demandas y potencialidades de las ICT y las apps para la atencion a people with autism
(DPTIC-AUT-Q)” [“Demands and Potentials of ICT and Apps for Assisting People with
Autism”] (Rodriguez et al., 2021). It had a section on sociodemographic data and four
subscales connected to ICT: Subscale 1: Opinion, training and uses of ICT by
professionals for teaching people with functional diversity; Subscale 2: Training and uses
of ICT by professionals for teaching people with autism; Subscale 3: Uses and benefits
of apps in assisting people with autism; Subscale 4: Uses and possibilities of specialized
apps for people with autism. In order to meet the aims of this study, we have only used
the third subscale, “Uses and benefits of apps in assisting people with autism”, which
comprised questions with Likert-scale responses (I = Completely disagree; 5 =
Completely agree). It had two dimensions: Dimension 1 (D1): Benefits of apps for autism
(items 63-72); Dimension 2 (D2): Uses of apps for autism (items 73-84), and a question
on the frequency of use of apps (1 = Little, 4 = A lot).

The questionnaire has adequate psychometric properties. It obtained excellent
Intraclass Correlation coefficients in Subscale 3 (Italian version = .955; Spanish version
=.994); significant Kendall’s ¥ inter-rater concordance, p < 0.001 (Italian version =.192
clarity; .197 coherence; .202 relevance; and .218 objectivity; Spanish version = .138
clarity; .132 coherence; .155 relevance; and .123 objectivity); and an exceptional internal

ConSiStenCy: Otaly Subscale 3 = .998; OSpain_Subscale 3 = 951.

2.3 Procedure

Analisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 158



Articulo 5 - Agrupacion de articulos cientificos

First, the approval of the University of Granada Ethics Committee on Human Research
(Spain) was obtained for the questionnaire, receiving a favourable report
[2002/CEIH/2021]. The questionnaire was then administered during the period between
2020 and 2021. In the case of Italy, the questionnaire was administered to teachers who
were undergoing sessions of continuing education for teachers on attending to diversity,
at the Universita degli Studi di Firenze (University of Florence). In Spain, it was
administered to teachers and educators of schools and associations in the city of Granada.
The link to access the questionnaire, designed on the LimeSurvey platform, was provided
in face-to-face sessions and via email. At all times, participants were informed of the
voluntary nature of the questionnaire, its anonymity and data exclusivity, as well as the

aims of the study.

2.4 Data Analysis
The data were analysed with the SPSS v.26.0 statistics packet. The descriptive statistics
(mean, mode and standard deviation), frequencies, parametric inferential and
intrafactorial correlation analyses were calculated. For the dichotomous variables “city”,
“sex” and “type of teacher in Granada”, Student’s ¢ test was used and the effect size

2 (13 2

calculated (Cohen’s d). For the variables “years of experience with autism”, “age”,
“educational stage”, “place of work”, and “type of teacher in Florence”, the ANOVA F-
test was used, followed by Tukey's HSD and Bonferroni tests, along with the
homogeneous subsets test, calculating the effect size using eta squared (#?). Estimations
of the effect size were also performed by calculating Cohen’s d and Eta squared (small:
0.20 <d < 0.30; medium: 0.30 < d < 0.80; and large: d > 0.80).

For the data analysis relative to the variable “age”, four groups were established
according to the minimum and maximum age of the participants: Group 1: 20 to 30 years
old; Group 2: 31 to 40 years old; Group 3: 41 to 50 years old; and Group 4: 51 to 64 years
old. Regarding the variable “years of experience”, the groups established were: Group 1:
<5 years; Group 2: 6-10 years; Group 3: 11-20 years; and Group 4: 21-30 years. The
option >30 years of experience con people with autism was covered in the questionnaire,
but no participant had such professional experience, and so this group is not included in

the analyses.

3. Results
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The frequency of use of apps (Table 2) showed that the teachers in Granada used them to
a greater extent than their Florentine counterparts. In Granada, the option “quite a lot”

was chosen by 80% of the participants, compared to 57% in Florence.

Table 2

Frequency of use of apps in Granada and Florence (N = 286)
Frequency of use Granada N (%) Florence N (%)
Little 503.1) 7(5.5)
Sometimes 64 (40.3) 51 (40.2)
Quite a lot 80 (50.3) 57 (44.9)
A lot 10 (6.3) 12 (9.4)

In Table 3, according to the values of the mean and the mode, we can see that the
opinion of the participants on the benefits and uses of the apps for people with autism was
situated between Options 4 “Agree” and 5 “Fully agree”. Only Item 72 “Enhances
socialization”, was positioned at Option 3, “Neither agree nor disagree”.

In Dimension 1, regarding the benefits that apps can provide people with autism,
the educators showed that they proved to be a motivating option for working with them,
since they complemented the use of other, more traditional media (books, blackboard,
etc.), and helped to reinforce and consolidate the concepts previously studied. However,
they were less in agreement that apps enhanced socialization, learning to read, and the
encouragement of leisure and entertainment.

Regarding Dimension 2, concerning the uses the educators made of the apps with
people with autism, the most notable feature was that they helped to hold attention for
longer, and they facilitated communication, development of autonomy and learning
calculus. However, their use was not aimed at the development, understanding and

expression of emotions, or at tasks related to time management or self-regulation.

Table 3
Opinion of teachers from Granada and Florence about the benefits and uses of apps for

attending to people with autism (N = 286)

%

ITEM M SD M, 1 2 3 4 5
63. Stimulate cognitive development 415 083 4 14 24 119 48.6 35.7
& 64. Facilitate performing tasks related to memory 407 088 4 1.0 42 164 434 35.0
< 65. Enable learning how to read 396 096 4 2.8 3.8 199 41.6 31.8
€ 66. Promote leisure and entertainment 3.85 1.08 4 3.8 84 17.8 385 315
g 67. Complement the use of other work media... 430 091 5 2.1 35 7.7 357 51.0
= 68. Make the psychopedagogic intervention... 4.05 090 4 14 42 168 434 343
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69. It is a good complement to reinforce what has 421 08 5 14 28 119 41.6 423
been worked on...
70. It is a way to consolidate concepts 422 0.76 4 03 1.7 12.6 46.5 38.8
71. It is a motivating tool 440 078 5 03 24 9.1 329 552
72. It facilitates socialization 346 1.02 3 2.8 13.6 36.0 29.7 17.8
73. Develop communication 392 090 4 2.1 42 19.6 479 262
74. Develop oral language 374 099 4 3.1 7.0 25,5 41.3 23.1
75. Develop understanding of emotions 371 1.01 4 45 49 269 420 21.7
é 76. Develop the expression of emotions 3.67 1.02 4 38 7.7 27.3 39.5 21.7
& 77. Manage time 3.63 1.06 4 3.8 10.1 27.6 364 220
© 78. Develop autonomy 391 094 4 24 45 21.0 4377 283
2 79. Carry out tasks related to planning 377 1.00 4 3.8 5.6 245 420 24.1
':3 80. Carry out tasks related to organization 378 099 4 3.1 6.6 24.1 41.6 245
S 81. Carry out tasks related to self-regulation 371 1.00 4 42 49 294 392 224
82. Facilitate learning how to write 376 1.07 4 3.8 9.4 20.6 38.8 273
83. Enable learning calculus 381 1.04 4 49 63 17.1 462 255
84. Hold attention for longer 420 082 4 0.7 2.8 133 423 409

Note. M = Mean; SD = Standard deviation; M, = Mode

In Table 4 we can see how the participants from Granada produced a higher mean
than those from Florence with regard to the benefits that they considered the apps had for

people with autism (Dimension 1), and the uses they made of them (Dimension 2).

Table 4

Mean and standard deviation of the benefits and uses of apps according to each city

. Benefits apps Uses apps
City M SD M SD
Granada (n = 159) 4.14 0.65 4.65 0.86
Florence (n = 127) 3.97 0.67 4.45 0.91
Total (n = 286) 4.07 0.66 4.56 0.89

Note. M = Mean; SD = Standard deviation

The analysis of correlations (Table 5) showed that there was a strong (» = .795)
and significant (p < 0.01) positive relation between the benefits that the educators found
in apps and the use and utility they gave them. Significant (p <0.01) but weak (from .297
to .311) positive correlations can likewise be seen in the frequency of use of apps with
the benefits (» = .297) and with the usefulness (» = .311) they gave them.

Weak (from -.080 to -.126) negative correlations can be seen in the age of the

participants with the benefits (» = -.126) and uses of the apps (» = -.080).
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Table 5
Pearson's correlation coefficient between the benefits of the apps, the uses and

applications, the age of the educator and the frequency of use

Benefits Uses Age Frequency
1. Benefits of the apps 1
2. Uses and applications of apps J795%* 1
3. Age of the educator -.126* -.080 1
4. Frequency of use of apps 297%* 311%* .002 1

Note: ** The correlation is significant at level 0.01 (two-tailed); * The correlation is significant at level
0.05 (two-tailed).

According to the city of origin (Table 6), significant differences are observed in
36.36% of the items (p < .05). In Dimension 1 (D1), regarding the benefits of the apps,
the participants from Granada obtained higher means than the teachers from Florence
with an effect size between small (d > 0.20) and medium (d > 0.50). These items indicated
that the apps for people with autism stimulated cognitive development (#(284) =-2.57, p
=.011), enabled learning how to read (#(284) = -2.33, p = .021), promoted leisure and
entertainment (#(284) =5.37, p =.000), and, moreover, were a motivating tool for working
with them (#(284) =2.94, p = .004).

In Dimension 2 (D2), regarding the uses that the educators made of apps, the
participants from Granada similarly obtained higher means than those from Florence,
with an effect size between small (d > 0.20) and medium (d > 0.50). The differences
showed that the teachers from Granada used apps more with the purpose of developing
communication (#284) = -2.37, p = .018), oral language (#(284) = -2.19, p = .029), and
the comprehension (#(284) = -3.19, p = .002) and expression of emotions (#284) =-3.41,
p =.001), than the teachers from Florence.

Table 6
Significant differences in the benefits and uses of apps as a function of city
. Florence Granada
Dependent Variables M <D M <D t d
63. Stimulate cognitive development 401 087 4.26 0.77 -2.57* 0.30
D1 65. Enhance learning how to read 381 1.03 4.08 0.89 -2.33%* 0.28
66. Encourage leisure and entertainment 349 1.05 4.14 .01 -537*** (.63
71. They are a motivating tool 425 0.84 452 0.72 -2.94%* 0.35
73. Develop communication 378 097 4.03 0.83 -2.37* 0.28
D2 74. Develop oral language 360 1.06 3806 0.92 -2.19%* 0.26

75. Develop the understanding of emotions 3.50  1.06  3.88 0.93 -3.19%* 0.38
76. Develop the expression of emotions 345 1.04 386 0.97 -3.41%* 0.41
Note. M = Mean; SD = Standard Deviation; ¢ = Student’s ¢, d = Cohen’s d, *p < .05, **p < .01, ***p <.001

Anélisis y evaluacion de apps destinadas a personas con TEA y su empleo por parte de profesionales 162



Articulo 5 - Agrupacion de articulos cientificos

The variable “sex” produced significant differences (Table 7) in two items of
Dimension 2, with a medium effect size (d > 0.50). The women from Florence used apps
more than the men for the purpose of holding the attention of people with autism for
longer (#(125) =-2.25, p = .037). The women from Granada, for their part, used apps for
developing the understanding of emotions more than men (#(157) =-2.13, p = .034).

Table 7

Significant differences in the benefits and uses of apps as a function of sex

Men Women ‘ d
M SD M SD

Florence = 84. Hold attention for longer 362 096 415 085 -2.25%0.58

Granada  75. Develop the understanding of emotions  3.52  0.82 395 094 -2.13*0.49
Note. M = Mean; SD = Standard deviation; ¢ = Student’s ¢, d = Cohen’s d, *p < .05.

City Dependent Variables

The variable regarding the age of the participants revealed differences in the
teachers from the two countries (Table 8), with more differences arising among those
from Granada.

In Florence, the oldest participants (51 and 64 years old) were those who used
apps the least for developing autonomy (F(3) = 2.84, p < .041, #° = .058) (item 78 - D2)
compared to their younger colleagues.

In Granada, the youngest teachers (20-30 years old) held the view — to a greater
degree than the rest — that the benefits found in apps were that they made
psychopedagogic intervention more effective (F(3) = 2.84, p < .38, #°=.019) and that
they consolidated concepts (F(3) = 2.90, p < .037, #° = .046) (items 68 and 70 - D1). In
terms of using apps for developing communication (F(3) =3.37, p < .013, #°=.007) (item
73 - D2), those aged between 41 and 50 years old stated that they used them more,
compared to those aged between 31 and 40 years old. With regard to using apps to carry
out tasks of planning (F(3) = 2.98, p <.033, #°=.035) and organization (F(3) =2.88, p <
.038, #°=.045) (items 79 and 80 - D2), the teachers aged between 41 and 50 years old
reported using them more than the other participants. Lastly, as regards using apps for
carrying out tasks related to self-regulation (F(3) = 3.60, p < .015, ° = .049) (item 81 -
D2), the youngest age group (20-30 years old) presented a greater use than the teachers
from Granada aged between 31 and 40 years old.
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Table 8
Significant differences in the benefits and uses of apps as a function of age
Age Groups (years old)
20-30 31-40 41-50 51-64
i D t Variabl F 2
City ependent Variables M SO M SD M SO M SD y
Florence 78. Autonomy 390 0.76 3.94 098 390 1.03 2.86 0.69 2.84* .058

68. Effective intervention 4.24 0.82 3.77 1.03 4.12 0.87 3.76 0.94 2.89* .019
70. Consolidate concepts  4.52 0.61 4.15 0.83 4.22 0.82 4.05 0.74 2.90* .046

Granada 73.C0mrpunicati0n 416 0.79 3.74 090 427 0.74 3.90 0.77 3.37*.007
79. Planning 396 0.86 3.62 1.05 4.00 0.81 3.43 0.87 2.98* .035
80. Organization 396 097 3.66 0.98 398 0.72 3.38 0.92 2.88* .045
81. Self-regulation 402 1.02 347 1.04 393 0.85 3.48 0.93 3.60* .049

Note. M = Mean; SD = Standard deviation; ¥ = ANOVA, #? = eta squared, *p < .05

As a function of years of experience, we can only see significant differences for the
participants from Florence (Table 9): F(3) =3.83, p=.012, #° =.019. The Bonferroni and
Tukey post hoc comparisons and the homogeneous subset tests revealed that the educators
with 11 to 20 years’ experience made more use of apps for the development of
communication for people with autism (M = 5.00, SD = 0.00), as opposed to those with
6 to 10 years’ experience (M = 3.39, SD = 0.96) (item 73 - D2).

Table 9

Significant differences in the benefits and uses of apps as a function of years of experience

Years of experience (Florence)

<Syears 6-10 years 11-20 21-30
Dependent Variables =2y y years years F g

M SD M SD M SD M SD
73. Develop communication 3.87 094 339 096 5.00 0.00 4.00 1.00 3.83* .019
Note. M = Mean; SD = Standard deviation; # = ANOVA, #? = eta squared, *p < .05

2

The educational stage taught by the teachers also proved to be a determining factor
(Table 10). In Florence, those working in primary education considered that it was more
beneficial to work with apps to enable people with autism to learn how to read than those
teachers who from preschool education (F(3) = 2.76, p < .045, n°= .100) (item 65 - D1).
Those in secondary education found more benefits than the teachers who simultaneously
worked in both preschool and primary education in the use of apps to consolidate concepts
(F(3)=3.11, p <.029, n° = .026) (item 70 - D1), to promote socialization (F(3) =2.94, p
<.036, 7°=.012) (item 72 - D1), and to hold attention for longer (F(3) = 6.22, p < .001,
7’ = .069) (item 84 - D2). The teachers in both preschool and primary education

simultaneously revealed that they most agreed with using apps to carry out tasks related
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to self-regulation (F(3) = 3.03, p < .032, 5’ = .066) (item 82 - D2) and learning calculus
(F(3) =4.30, p < .006, n°=.067) (item 83 - D2) than those who only worked in primary
education. Similarly, the participants from secondary education agreed most with the use

of apps to learn calculus compared to the preschool teachers.

Table 10
Significant differences in the benefits and uses of apps as a function of the educational stage

taught by the teachers from Florence

Educational stages worked in

Preschool Primary Pr;:ic;(;(;l & Secondary
Dependent Variables (n=14) (n=32) (n=3 6;7 (n=45) F y
M SD M SD M SD M SD
65. Reading 314 151 381 090 4.06 096 3.82 094 2.757* .100
D1 70. Consolidate 407 092 419 074 442 0.65 393 0.69 3.109* .026
72. Socialize 364 1.08 338 0.833 3.86 093 329 092 2.937* 012
82. Self-regulation 3.00 136 3.69 093 394 1.07 382 0.94 3.029* .066
D2 83, Calculus 300 136 372 085 4.06 092 3.87 0.89 4.301** .067
84. Attention 421 1.05 413 085 450 0.66 371 092 6.223** 069

Note. M = Mean; SD = Standard deviation; ¥ = ANOVA, #? = eta squared, *p < .05, **p < 0.01.

In Granada (Table 11), the main differences can be observed in the teachers of
primary education over those from secondary education in revealing a greater degree of
agreement on the benefits of apps for encouraging leisure and entertainment (#(4) = 3.33,
p <.012, #°=.022) (item 66 - D1), for the motivation these tools give (F(4) =3.21, p <
014, n°=.008) (item 71 - D1), and the good use they can be put to in order to hold student
attention for longer (F(4) = 2.98, p < .021, °=.027) (item 84 - D2). The educators who
worked with adults also showed a higher degree of agreement than those from secondary
education regarding the benefits of apps for carrying out memory-based tasks (F(4) =
2.76, p < .032, n° = .006) (item 64 - D1), the motivation they give the student (F(4) =
3.21, p<.014, #°=.008) (item 71 - D1), and their use for learning calculus (F(4) = 2.84,
p <.021, #°=.027) (item 84 - D2).
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Table 11
Significant differences in the benefits and uses of apps as a function of the educational stage

taught by teachers from Granada

Educational Stages Taught

Preschool Primary Pres.chool Secondary  Adults
Dependent (n=18) (1 = 56) & Primary (n=9) (n=5) F 5
Variables (n=171) n

M SD M SD M SD M SD M SD
64. Memory 4.28 0.83 4.18 0.86 4.15 092 333 1.00 4.80 045 2.715* 006
D1 66. Leisure 406 094 445 066 4.01 1.17 333 1.19 440 0.89 3.328* 022
71. Motivat.  4.56 0.62 4.57 0.66 4.54 0.74 3.78 0.97 5.00 0.00 3.216* 008
D2 83. Calculus 3.78 1.01 3.78 0.88 4.00 0.96 2.89 136 4.60 0.55 2.843* 027
84. Attention 428 0.85 445 0.63 420 0.80 3.67 1.12 4.80 0.45 2.981* 027
Note. M = Mean; SD = Standard deviation; F' = ANOVA, ? = eta squared, *p < .05

The teachers’ work location (urban/rural/both) produced statistically significant
differences in both countries. We can see that the Florentine teachers (Table 12) from
urban areas revealed more benefits in using apps to enhance socialization than the
teachers from rural areas or with jobs in both places (F(2) = 3.31, p < .040, = .007)
(item 72 - D1). The same occurred with the use of apps for developing communication
(F(2)=3.45, p <.035, 5°=.025) (item 73 - D2) and expressing emotions (F(2) =3.73, p
<.027, n°=.020) (item 76 - D2).

The participants from Granada (Table 12) who worked in both locations (rural and
urban) found more benefits than those who were only in either rural or urban areas in
using apps as a complement to reinforce what had previously been worked on (F(2) =

4.40, p < 014, > = .040) (item 69 - D1).

Table 12
Significant differences in the benefits and uses of apps as a function of the work location of

teachers from Florence and Granada

Work Location, Florence

Urban Rural Both
Dependent Variables (n=19) (n=95) (n=13) F n
M SD M SD M SD
D1 72. Enhance socialization 3.89 0.88 339 095 3.85 0.80 3.309* .007
73. Develop communication 421 071 3.65 1.03 4.08 0.49 3.449* .025

D2
76. Develop the expression of emotions  3.89 0.81 331 1.09 3.85 0.69 3.725* .020

Work Location, Granada

Urban Rural Both
Dependent Variables (n=110) (n=44) (n=5) F 7
M SD M SD M SD
D1 69. A complement for reinforcing. .. 429 0.78 395 1.10 5.00 0.00 4.404* .040

Note. M = Mean; SD = Standard deviation; F = ANOVA, 5 = eta squared, *p < .05
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The work location revealed differences in the participants from the two cities. The
general teachers from Florence (Table 13) showed more agreement over the use of apps
for developing oral language, compared to those who worked as both general and support

teachers (F(2) =4.47, p < .013, n°=.07) (item 74 - D1).

Table 13
Significant differences in the benefits and uses of apps as a function of the teaching position of

the educators from Florence

Type of Teacher, Florence

_ Support (n = _
Dependent Variables General (n =33) 71) Both(n=22) -
M SD M SD M SD
D2 74. Develop oral language 3.97 0.85 3.61 1.01 3.14 125 4.470* 0.71

Note. M = Mean; SD = Standard deviation; F = ANOVA, 5 = eta squared, *p < .05

The general teachers from Granada (Table 14) were more in agreement, with a
medium effect size (d > 0.50), on the use of apps as a way to enhance learning how to
write, compared with the support teachers (Therapeutic Pedagogy) (#85)=2.13, p=.037)
(item 82 - D2).

Table 14
Significant differences in the benefits and uses of apps as a function of the teaching position of

the educators from Granada

Type of Teacher, Granada

General (Tlslggi)oel:tic

Dependent Variables (n=30) pedagogy) (n = 55) t d
M SD M SD

D2 | 82. Enhance learning how to read 420 0.81 3.73 1.06 2.13* 0.50

Note. M = Mean; SD = Standard deviation; ¢ = Student’s ¢, d = Cohen’s d, *p < .05.

The apps specifically for people with autism shown in Table 15 have been ordered
according to the ranking of the best apps established by Gallardo-Montes et al. (2021). In
this ranking, the highest-rated and highest quality apps on a national and international
level were positioned in descending order.

The teachers from Florence (N = 127) did not reveal a significant use of apps
specifically for people with autism; only three of them were highly used out of the 23 that
were presented: MITA: Language and Cognitive Therapy (n = 27) (focused on working
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with the basic instrumental skills, executive functions, and leisure and entertainment)
(languages: Italian, English and Spanish), Aboard CAA (ACC) (n = 26) (languages:
English), and Symbotalk - AAC Talker (n = 18) (both focused on developing
communication, language and the executive functions) (languages: Italian, English and
Spanish).

The educators from Granada (N = 159) did reveal a greater use of specialized apps.
Of the 23 apps set out, 12 were used the most: #Soyvisual (n = 80) (language: Spanish);
Smile and Learn: Juegos educativos para nirios (n = 73) (languages: Italian, English and
Spanish); LEA: lecto escritura para autismo (n = 69) (language: Spanish); José Aprende
(n = 69) (language: Spanish); ;jEmociones, sentimientos y expresiones! (n = 57)
(language: English); Proyecto emociones (n = 44) (language: Spanish); Proyect@ PECS
(n = 40) (language: English); MITA: Language and Cognitive Therapy (n = 32)
(languages: Italian, English and Spanish); Symbotalk - AAC Talker (n = 45) (languages:
Italian, English and Spanish); Juego de nirios para bebés de 2 a 5 arios (n = 38) (language:
English); Aboard CAA (ACC) (n = 23) (language: English); and Lista visual -Visual
Schedule (n = 21) (languages: Italian, English and Spanish). These apps were designed
for developing communication, language and the emotions (Theory of Mind), enhancing
the basic instrumental skills, the executive functions, time management, and leisure and

entertainment.

Table 15

Quality, specialized apps for people with autism used by the teachers from Florence and

Granada
A Languages of the app Florence Granada
PP Spanish Italian English Other N (%) N (%)
1. #Soyvisual X 1(0.8) 80(50.3)
2. Otsimo Juegos de educacion especial para nifios X X 324) 11(6.9)
3. MITA: Language and Cognitive Therapy X X X 27(21.3) 32(20.1)
4. Smile and Learn: Juegos educativos para nifios X X X 5(3.9) 73(45.9)
5. CPA: Comunicador personal adaptable X 2(1.6)  6(3.8)
6. Symbotalk - AAC Talker X X X 18(14.2) 45(28.3)
7. Michelzhino - emogoes e autismo X 1(0.8) 425
8. Visual schedules and Social stories X 4(3.1) 10(6.3)
9. LEA: lecto escritura para autismo X 2(1.6) 69(43.4)
10. Autastico X 2(1.6) 10(6.3)
11. Juego de nifios para bebés de 2 a 5 afios X 4(3.1) 38(23.9)
12. Terapia Z Tabletem X 1(0.8)  6(3.8)
13. jEmociones, sentimientos y expresiones! X 4(3.1) 57(35.8)
14. Commboards: gratis terapia del autismo AAC X X 4(3.1)  9(5.7)
15. Proyecto emociones X 3(2.4) 44(27.7)
16. Aboard CAA (ACC) X 26(20.5) 23(14.5)
17. Social skills for autism Kloog?2 X 2(1.6)  6(3.8)
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18. José Aprende X 0(0.0) 69(43.4)
19. Proyect@ PECS 8(6.3) 40(25.2)
20. Vi.co hospital Lite 13(10.2) 4(2.5)

21. Lista visual -Visual Schedule 0(0.0) 21(13.2)
22. ABA DrOmnibus for Parents 10(7.9) 10(6.3)
23. Speech Blubs: Language Therapy 13(10.2) 18(11.3)

<
ol
Rl

Statistically significant differences were revealed in the use of specialized apps
for people with autism according to the city of origin (Table 16).

The educators from Florence were different in the use of 2 specialized apps
compared to those from Granada: Juego de nifios para bebés de 2 a 5 arios (language:
English) (#284) =-5.13, p =.000) and Vi.co hospital Lite (languages: Italian, English and
Spanish) (#(284) =2.77, p = .006) with a small (d > 20) and medium (d > 0.50) effect size,
respectively.

The participants from Granada revealed that they made greater use of 10
specialized apps compared to those from Florence. Those with a large effect size (d >
0.80) between them are: #Soyvisual (language: Spanish) (#(284) =-10.99, p =.000), LEA:
lecto escritura para autismo (language: Spanish) (#(284) = -9.25, p = .000) and José
Aprende (language: Spanish) (#(284) = -9.83, p = .000). The apps with a medium effect
size (d > 0.50) are: ;Emociones, sentimientos y expresiones! (language: English) (#(284)
= -7.28, p = .000), Proyecto emociones (language: Spanish) (#284) = -6.08, p = .000),
Proyect@ PECS (language: English) (#(284) = -4.37, p = .000) and Lista visual -Visual
Schedule (languages: Italian, English and Spanish) (#284) = -4.38, p = .000). While the
following apps show a small effect size: Smile and Learn: Juegos educativos para nifios
(languages: Italian, English and Spanish) (#(284) = -8.93, p = .000), Symbotalk - AAC
Talker (languages: Italian, English and Spanish) (#284) =-2.90, p = .000) and Autastico
(language: English) (#(284) =-1.98, p =.000).

Table 16

Statistically significant differences in the use of specialized apps according to the city of

origin
Florence Granada

Name of the app M D 1 <D t d

1. #Soyvisual 0.01 0.09 050 050 -10.99%*%* 136
4. Smile and Learn: Juegos educativos para nifios 0.40 0.20 0.46 0.50  -8.93*** (.16
6. Symbotalk - AAC Talker 0.14 035 028 045 -2.90%*%  0.35
9. LEA: lecto escritura para autismo 0.02 0.13 043 050  -9.25%x* .12
10. Autastico 0.02 0.13 0.06 0.24 -1.98*  0.21
11. Juego de nifios para bebés de 2 a 5 afios 0.03 0.18 024 043 -5.13%%* (.64
13. jEmociones, sentimientos y expresiones! 0.03 0.18 036 048 -7.28**F*  0.91
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15. Proyecto emociones 0.02 0.15 028 045 -6.08*** (.78
18. José Aprende 0.00 0.00 043 050 -9.83%¥*%* 122
19. Proyect@ PECS 0.06 024 025 044  -437¥%* (0.54
20. Vi.co hospital Lite 0.10 030 0.03 0.16 2.77%%  0.29
21. Lista visual -Visual Schedule 0.00 0.00 0.13 0.34 -4.38**%*  0.54

Note. M = Mean; SD = Standard deviation; ¢ = Student’s ¢, d = Cohen’s d, *p < .05, **p < .01, ***p <.001.

4. Discussion and conclusions
ICT offers a world of possibilities that, combined with responsible usage, can encourage
and enhance cognitive processes and the development of different capabilities in people
with functional diversity. More specifically, it has been shown that apps are a motivating
tool (Martinez, 2020) and a good teaching option for working with people with autism
(Lledo et al., 2020), but their use is not as widespread as it should be.

The frequency with which the participants used the apps lies between the options
“sometimes” and “quite a lot”, with a slightly higher frequency observable for the
teachers from Granada. In fact, the Spanish participants found more benefits and greater
applicability in apps for attending to people with autism than their Florentine

counterparts.

Generally speaking, the participants from both countries found that the apps were
beneficial because they could be used as a complement to traditional media and methods,
in order to consolidate and reinforce concepts previously worked on and, furthermore, as
a motivating resource, a finding that is in line with Martinez (2020). Fewer benefits were
found in the use of apps for the learning of reading and for promoting socialization and
leisure. Regarding the uses that the teachers made of the apps, these were mostly as a
means to hold attention for longer, to enhance communication, to develop autonomy and
encourage the learning of calculus. A lesser use of apps was connected to the development
and expression of emotions, and to carrying out tasks connected to time management,

organization, planning and self-regulation.

Strong correlations, therefore, were found between the benefits and the use of
apps. As more benefits were found after using the apps, the educators discovered greater
applicability in them for work and attending to people with autism. We also observed that
the higher the frequency of app use, the more benefits and applicability the participants
from both countries found in them. This suggests that, beforehand, the potential of the
apps may not be perceptible, and the apps designed specifically for working with people

with autism may not be known (Lled¢ et al, 2020), or there is a lack of training for their
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use (Lledo et al, 2020; Martinez, 2020; Sabayleh & Alramamneh, 2020), but as they are
used, the return and practice increase. Teachers need to know what digital resources are
suitable for each student (Saladino et al., 2020), in order to be able to use them and give

meaning to the educational practice.

As a function of the city of origin, the participants from Granada found more
benefits than those from Florence in the apps as a motivating tool for cognitive
development, learning how to read, and the promotion of leisure and entertainment.
Equally, the Granada teachers revealed a greater use of apps for developing
communication (Saladino et al., 2020), oral language and the understanding and

expression of emotions.

In terms of sex, the Florentine women used apps more than the men for the
purpose of holding attention for longer when attending to people with autism. However,
in Granada, the female participants used them more to develop understanding of
emotions. There are no previous studies regarding this variable, nor on the use of apps,

therefore no comparisons can be made.

The variable of age also produced differences according to country. In Florence,
the oldest participants used apps less for developing autonomy in people with autism than
their younger colleagues. In Granada, the youngest teachers found more benefits in the
use of apps to consolidate concepts and to make psychopedagogic interventions more
effective. The participants aged between 41 and 50 years old revealed a greater use of
apps for developing communication and to carry out tasks linked to planning and
organization when compared to those aged between 31 and 40 years old. These data
cannot be compared to previous studies: as stated before, there are no studies that examine

these aspects.

According to the variable of the teachers’ years of experience with people with
autism, while in Granada there were no apparent differences, this was not the case in
Florence. The participants with less experience indicated that they used apps for
developing communication less than those with more experience. In the study by Saladino
et al. (2020) in Italy, it was found that educators who had more professional experience
with people with ASD used ICT less frequently. Nevertheless, a priori, these results could

be compared due to the similarity of the variable “experience” and “city of origin”, as the
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data are very generic and do not go into detail about the use of apps or the purpose of

using ICT.

Statistically significant differences were also found according to the education
stage. In Florence, the teachers of primary education were more aligned with those from
preschool education regarding the benefits of apps to facilitate learning how to read. The
participants who taught secondary school found more benefits and greater applicability
in apps as a socializing tool, for consolidating concepts, for learning calculus, and for
holding attention for longer when teaching people with autism, compared to the earlier
educational stages. Those participants who worked in both preschool and primary
education were more in agreement over the use of apps for developing writing than those
who only taught the preschool stage. In contrast to Florence, in Granada the educators
who worked with adults and in primary education stated that apps were a motivating tool
and that they helped to hold students’ attention for longer, in comparison with the
participants who worked in secondary education. The main difference occurred in Item
84, regarding the use of apps to hold the attention of people with autism for longer.
Whereas in Florence the secondary school teachers were more in agreement over this item
than those from preschool and primary education, in Granada it was those from primary

education who stood out over those from secondary education.

The location of the teachers’ employment also had an influence. In Florence, the
participants from urban areas were more in agreement than those from rural areas over
the use of apps to enhance socialization, develop communication and expression of
emotions. However, the teachers from Granada who worked in both rural and urban areas
indicated that they were more aligned over the benefits of apps as a complement to

reinforce what had been worked on previously.

Regarding the job description, in Florence those who worked as general teachers
showed greater agreement on the use of apps for developing oral language. This was also

the case in Granada but in regard to the use of apps for learning how to write.

The use of specialized apps revealed higher use by the teachers from Granada
compared to their Florentine counterparts. They were presented with a list of 23
specialized apps that stood out for their quality in catering for people with autism. Only
three of these apps had a high usage by the participants from Florence, which were the

same apps mentioned in previous studies on the benefits apps provide this group (MITA:
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Language and Cognitive Therapy, Aboard CAA (ACC), and Symbotalk - AAC Talker)
(Capel, 2021; Gallardo-Montes et al., 2021a and 2021b). In Granada, there was a more
positive tendency. The percentage of apps used was higher, as were the participants who
used them. 12 apps were used the most: #Soyvisual, Smile and Learn: Juegos educativos
para ninos, LEA: lecto escritura para autismo, José Aprende, | Emociones, sentimientos
y expresiones!, Proyecto emociones, Proyect@ PECS, MITA: Language and Cognitive
Therapy, Symbotalk - AAC Talker, Juego de nifios para bebés de 2 a 5 anios, Aboard CAA
(ACC), and Lista visual -Visual Schedule. These results are encouraging, since they mean
that the different specialists in autism in the province of Granada support teaching and
psychopedagogic therapy with validated digital tools that had the quality required for the
needs of people with this disorder. These apps can also be found in previous studies, such
as Choez (2018), Diaz (2018), Ramon (2019), Aguilar-Velazquez et al. (2020),
Vyshedskiy et al. (2020), Capel (2021), and Gallardo-Montes et al. (2021a 'y 2021b).

The language of the apps was not a deciding factor for their use. Most of them
were in English, yet despite this they were used more by participants from Granada than
from Florence. There were statistically significant differences in the use of some apps that
were only in Spanish and not in Italian, making the reason for the differences in favour
of the teachers from Granada understandable. This only occurred with four apps of the
ten that revealed differences, since the rest were in Italian, English and Spanish. For this

reason, it should be repeated that language was not a determining factor.

The teachers from both cities highlighted the benefits of apps for cognitive
stimulation and their preferred use for developing communication and oral language.
These aspects are priorities in the progress of people with autism, as a fundamental part
of their comprehensive development. These results fit perfectly with the aforementioned
apps, since they were mainly focused on communicative-linguistic development and the
executive functions. It was also evident that the apps were used very little for the
understanding and expression of emotions, time management, planning and organization,
which could be connected to the scarcity of apps aimed at developing the Theory of Mind
and time management for people with autism (Gallardo-Montes et al., 2021b). These
results could also be due to the teachers’ lack of digital training (Lled6 et al., 2020;
Martinez, 2020; Sabayleh & Alramamneh, 2020) or the insufficient funding and resources

available in formal and informal education (Sabayleh & Alramamneh, 2020).
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Among the benefits indicated by the teachers, it was highlighted that apps
complement the use of other work media such as textbooks or the blackboard, that they
are motivating tools for people with autism, and that they were an aid to reinforcing and
consolidating concepts. In short, we can say that apps significantly support the
development of key competences (Saladino et al., 2020), enable access to the school
curriculum (Omar et al.,, 2020), and provide assistance during cognitive therapies

(Escobedo & Tentori, 2014).

For future research, it would be important to address the subject of teachers’
digital training regarding the existing resources for working with people with autism
(Apps, Eye Tracking, Augmented Reality (AR), Digital Communication Boards, etc.),
thus examining further whether different professionals have sufficient training in ICT or

if their schools’ funding is sufficient for using technologies in classrooms or therapy.

Among the limitations of this study is the difficulty of accessing a larger sample,
because the use of apps is not very widespread in the education sphere and in attending
to people with autism. Another limitation is tied to the lack of previous studies with which
to compare our results in terms of age, sex and professional experience with people with

autism.

The practical implications derived from this study are centred on showing the
benefits and didactic applications that apps have for people with autism, and the specific
use that different specialists make of them on an international level. Finding out the
professional perception of these digital resources is essential for guiding current

educational practices toward more innovative and flexible learning models.
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6.1 Conclusiones segun los objetivos propuestos

En cuanto al primer objetivo propuesto para el desarrollo de esta tesis doctoral:
“Disenar y validar un instrumento de evaluacion de apps para personas con autismo”, se
creo el “Sistema de indicadores para la evaluacion de apps para personas con Trastorno
del Espectro Autista”, cuya validacion se encuentra publicada en la Revista Electronica
Educare. Se cuenta con la patente de este sistema de indicadores en el registro general de

la propiedad intelectual con el Niimero de Asiento Registral 04/2021/3877.

El sistema de indicadores sometido a juicio de expertos resulté valido y fiable. Las
dimensiones, los indicadores y subindicadores recibieron puntuaciones altas. El
coeficiente de confiabilidad inter-jueces (ICC) fue excelente y el coeficiente W de
Kendall mostré una concordancia significativa entre jueces en cuanto a la claridad,
coherencia, relevancia y objetividad de la propuesta y, un alto indice de concordancia
entre los rangos asignados. Por tanto, se puede concluir que el sistema era sélido, con

indicadores con alto nivel de logro y unos niveles de consistencia interna excelentes.

Durante el disefio del sistema de indicadores, fueron floreciendo diferentes
inquietudes acerca de la diversidad de aplicaciones existentes y los posibles criterios a
valorar. Estos criterios han seguido un analisis en profundidad, de forma que se han
seleccionado los que posibilitaban una evaluacion de las aplicaciones lo mas
enriquecedora posible. Se pretendia, ante todo, que este instrumento fuera intuitivo y

completo, ya que se partio de estudios previos con gran rigor cientifico.

Existe un amplio abanico de aplicaciones destinadas a personas con TEA, y realizar
una exploracion acerca de lo que cada una de ellas ofrece no es sencillo. Sin embargo,
resulta imprescindible indagar en las funcionalidades que presentan cada una de ellas, ya
que, al hablar de una necesidad especial, el proceso de aprendizaje es mas particular. De
esta forma, ser meticuloso en este aspecto y reflexionar sobre los materiales y
herramientas ofrecidas a estas personas es relevante para ofrecerles la calidad de vida
merecida. Dado que las TIC han avanzado y, a dia de hoy, resultan enriquecedoras para

las personas con TEA, hacer un uso adecuado de ellas supone un auge en su aprendizaje.

Es necesario contar con materiales y herramientas que faciliten al usuario la
eleccion de las aplicaciones que mejor se adapten a las necesidades de la persona con

TEA. En este sentido, siguiendo el sistema de indicadores la busqueda por parte de
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especialistas y familiares partira de parametros previamente establecidos y con criterios

adecuados al &mbito que se quiera trabajar con la persona con TEA.

El segundo objetivo propuesto fue: “Evaluar las apps gratuitas de Google Play
Store especificas para personas con autismo”, que se materializa junto al tercero:
“Determinar qué apps son mejores que otras segun su calidad y conocer en qué areas del
desarrollo se centran”. Estos objetivos se desarrollaron en los articulos de las revistas

Technology in Society y Education and Information Technologies.

A través del sistema de indicadores anteriormente validado, se evaluaron de forma
exhaustiva 155 apps para Android, disponibles de forma gratuita en el catdlogo de Google
Play Store. Para seleccionar las apps destinadas a personas con autismo se utilizé el
término de busqueda “autismo” en espafiol e inglés. Las apps fueron evaluadas y
puntuadas en torno a su disefo, contenido y su dimension pedagdgica. La evaluacion
concluyd ofreciendo un ranking de apps, diferenciando entre las altamente
recomendables, recomendables y no recomendables. Solamente 14 apps obtuvieron
puntuaciones notablemente superiores al resto: #Soyvisual, Otsimo, Autism language and
cognitive therapy with MITA, Smile and Learn: Juegos educativos para nifios, CPA,
SymboTalk - AAC Talker, Michelzhino - emocoes e autism, Visual schedules and social
stories, LEA: lecto escritura para autismo, Autastico, Juegos de nifios para bebes de 2 a
5 anos, Terapia Z Tabletem, Emociones, sentimientos y expresiones! y CommBoards -

gratis terapia del autismo AAC.

Tras la revision de cada una de las apps ofrecidas de manera gratuita por Google
Play Store se pudo apreciar como muchas de ellas no estaban destinadas a personas con
autismo, sino unicamente a familias o profesionales, por lo que resulta esencial poder
seleccionar aquellas creadas exclusivamente para personas con este trastorno, ya que el
catalogo ofrecido supero las 450 apps (usando los descriptores “autismo” y “autism”). A
su vez, muchas de las aplicaciones sugeridas no se centraban en las necesidades de
personas con autismo, sino que surgian aleatoriamente al realizar la busqueda, por lo que
en una busqueda arbitraria se encontrarian centenares de aplicaciones donde, a priori, las
disenadas especificamente para los usuarios serian escasas en relacion con todas las que
muestra el buscador.

Resulta sorprendente que ambitos, tan necesarios de desarrollar desde edades
tempranas en personas con autismo, como el emocional o la gestion temporal (rutinas,

anticipacion, planificacion, organizacion...) tuvieran tan poca presencia en el catdlogo de
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apps. Tan solo hubo 24 apps pertenecientes al drea de las emociones y 18 de gestion del
tiempo. En cambio, para el resto de areas revisadas, la presencia fue notablemente
superior: funciones ejecutivas (n = 148), lenguaje (n = 91), ocio y entretenimiento (n =

82), comunicacion (n = 72), habilidades instrumentales basicas (n = 63).

También cabe destacar que en la mayoria de apps no se especificaba la edad para
la que estaba destinada. Sin embargo, es fundamental que aspectos de esta indole se

muestren, ya que ayudan a seleccionarlas de manera mas adecuada.

El cuarto objetivo, destinado a “Disefiar y validar un cuestionario para conocer
la funcionalidad y aplicabilidad que encuentran los profesionales en autismo en las apps”
concluy6 con la creacion del cuestionario DPTIC-AUT-Q, publicado en la revista
Education Sciences. Se cuenta con la patente de este instrumento en el registro general de

la propiedad intelectual con el Niimero de Asiento Registral 04/2021/4367.

El instrumento fue sometido a validacion mediante juicio de expertos, Andlisis
Factorial Exploratorio (AFE) y Andlisis Factorial Confirmatorio (AFC). Las
consideraciones del comité de expertos, al pertenecer a diferentes ambitos profesionales,
aportaron mayor validez y fuerza en el proceso de esta investigacion, contribuyendo a la
rigurosidad del cuestionario. En esta validacion, ninguno de los 125 items fue eliminado.
La confiabilidad inter-jueces fue excelente por valores ICC por encima de 0,750 y una W
de Kendall significativa. Por tanto, mostr6 una concordancia significativa entre los rangos
asignados por los jueces para todas las subescalas del cuestionario y una adecuada validez

de contenido.

En cuanto a la validez de constructo, antes de realizar el AFE, cinco items fueron
eliminados por sus indices de asimetria y curtosis superiores a -2,5 y 2,5. Tras el AFE, en
la Subescala 3 se observaron problemas de saturacion en un item, por lo que fue
eliminado. La forma definitiva del cuestionario constd de 119 items repartidos en cuatro
subescalas: Subescala 1. Opinion, formacion y usos de las TIC por parte del profesional
para atender a personas con diversidad funcional; Subescala 2. Formacion y usos de las
TIC por parte del profesional para atender a las personas con autismo; Subescala 3. Usos
y beneficios de las apps en la atencion de las personas con autismo; Subescala 4. Usos y

posibilidades de las apps especificas para las personas con autismo.

La estructura factorial de la Subescala 1 mantuvo las tres dimensiones planteadas,

extrayendo tres factores: “Opinioén”, “Requerimientos y posibilidades” y “Formacion TIC
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para Diversidad Funcional”. La validez de dicha estructura fue posteriormente

corroborada con el AFC, con excelentes indices de bondad de ajuste del modelo.

Para la Subescala 2, el AFE revel6 una estructura con tres factores latentes, que
se correspondia con las tres dimensiones planteadas: “Formacion para autismo”,
“Beneficios TIC para autismo” y “Usos TIC en autismo”, que fue corroborado por el

AFC, mostrando valores de ajuste del modelo adecuados.

La Subescala 3 quedd conformada por dos factores, coincidentes con las dos
dimensiones planteadas: “Beneficios de las apps para autismo” y “Usos apps en autismo”,
y mediante procedimientos confirmatorios han mostrado un ajuste adecuado del modelo

propuesto.

Por ultimo, la estructura factorial de la Subescala 4 fue de tres factores,
subdividiendo la dimension IX sobre posibilidades de las apps especificas para personas
con autismo en dos: “Funcionalidad”, “Aplicabilidad”; y manteniendo la dimensién X
sobre “Usos de las aplicaciones especificas para autismo” (Factor 3). Esta estructura fue

corroborada por el AFC, mostrando valores de ajuste del modelo adecuados.

En cuanto a la consistencia interna, los resultados obtenidos fueron satisfactorios
en cuanto a los coeficientes alfa de Cronbach y la fiabilidad compuesta (FC) para todos

los factores.

Los resultados presentados mostraron una calidad psicométrica satisfactoria del
cuestionario diseiado DPTIC-AUT-Q. Permitiendo concluir, segin las evidencias
empiricas, que puede utilizarse con garantias en condiciones similares a las aqui

presentadas.

Para el quinto objetivo planteado, “Indagar en la frecuencia de uso de las apps
por parte de los distintos profesionales y los motivos que los llevan a su empleo”, se
realiz6 un analisis comparativo entre educadores de Florencia y Granada, a los que se les
administr6 la Subescala 4 (Usos y posibilidades de las apps especificas para las personas

con autismo) del cuestionario DPTIC-AUT-Q.

Para este estudio se contd con 1261 profesionales, de los cuales 286 trabajaban
con apps. Se analizd la opinidn de los educadores pertenecientes al ambito de la educacion
Formal y No Formal sobre los beneficios y aplicabilidad de las apps, la frecuencia de uso

y el tipo de apps empleadas para personas con autismo.
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Los educadores granadinos encontraron mas beneficios y aplicabilidad en las apps
y manifestaron un uso ligeramente superior a los de Florencia. En término generales, los
participantes de ambos paises encontraron que las apps eran beneficiosas porque podian
usarse como complemento a los medios tradicionales de trabajo, para afianzar y reforzar
conceptos trabajados con anterioridad y, ademads, eran un recurso motivador. Se hallaron
menos beneficios en el empleo de apps vinculados al aprendizaje de la lectura y al
fomento de la socializacion y el ocio. En cuanto a los usos que los educadores hacian de
las apps, mayormente se orientaban como medio para mantener la atencion durante mas
tiempo, para facilitar la comunicacion, desarrollar la autonomia y alentar el aprendizaje
del calculo. Un menor uso de apps se vinculo al desarrollo y expresion de emociones y a
la realizacion de tareas relativas a la gestion del tiempo, organizacion, planificacion y

autorregulacion.

Por otra parte, se aprecié un mayor desempefio en el uso de apps en cuanto a la
ciudad, sexo, edad, anos de experiencia, lugar de trabajo y tipo de educador,

principalmente a favor de los profesionales de Granada.

En definitiva, podria decirse que las apps apoyaban significativamente el
desarrollo de competencias clave, facilitando el acceso al curriculum escolar y siendo un

apoyo de asistencia durante las terapias cognitivas.

6.2 Limitaciones

La investigacion desarrollada present6 algunas limitaciones a lo largo del proceso,

las cuales se intentaron abordar desde un primer momento:

Desaparicién de apps. Si las apps no cuentan con el éxito suficiente o las
descargas esperadas, terminan por desaparecer del catdlogo de aplicaciones, ya que a
menudo, el desarrollador/ora finaliza su mantenimiento, actualizacion y soporte. Para
contrarrestar esta limitacion, se dejaron las apps instaladas en el dispositivo Smartphone
durante semanas, o incluso meses, por si era necesario consultar o revisar algiin indicador
evaluado. Ejemplo de ello es el subindicador “envio de notificaciones”, ya que este
suponia valorar si la app notificaba al usuario sobre alguna tarea nueva, una actualizacion

concreta o un recordatorio. También, como las apps Altamente Recomendables serian
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empleadas en estudios futuros se mantuvieron instaladas para consultarlas de manera

rapida y eficaz.

Dificultad de acceso a una muestra superior de educadores de Granada y
Florencia que utilicen apps. El empleo de apps no estaba muy extendido en el &mbito
educativo y de asistencia a personas con autismo, por lo que el acceso a una muestra
superior se veia dificultado. Por ello, se decidi6 realizar dos estancias de investigacion en
Florencia, una a principios de 2020 y otra a finales de 2021 para abarcar el mayor nimero
de educadores. De esta forma, se equipard la muestra de Granada, més accesible por

realizarse la tesis doctoral en esta ciudad, en conjunto con la de Florencia.

Escasez de estudios previos con los que comparar los resultados obtenidos en
cuanto a la edad, el sexo o la experiencia profesional con personas con autismo. La
investigacion actual sobre el uso de apps en personas con autismo aun es prematura y
pese a que fueron muchos los profesionales que centran su carrera en mostrar los
beneficios de las apps con personas con autismo, no se reflejaban las dificultades tras su
uso, la frecuencia de empleo o la motivacion o beneficios encontrados. Para ello, la
busqueda de investigaciones abordo diversidad de palabras clave (Eye Tracking, Realidad
Aumentada, Apps, Tablet, Smartphone, colegio, educacion especial, autismo, TEA, etc.),
contextos (medicina, terapia ocupacional, logopedia, educacién infantil, primaria,
superior, adultos, etc.), paises (Jordania, India, Espafia, Italia, México, Malasia, etc.) y
profesiones del ambito de la Educacion Formal y No Formal (psicélogos, logopedas,

maestros, profesores, médicos, etc.).

6.3 Prospectiva de investigacion

Dado que esta linea de investigacion que ahora se inicia, no se habia desarrollado
en profundidad hasta el momento, se plantean diferentes vias por las que ampliar el

conocimiento existente acerca de esta tematica.

Seria interesante evaluar y valorar las apps resultantes introduciendo nuevos
términos de busqueda como “Pictograms”, ‘“Augmentative and Alternative
Communication (ACC)” o “Visual Schedules” en espaiiol e inglés. De esta forma, se
permitiria hacer un barrido completo por todo el material que se ofrece a las personas con

autismo y distinguir aquellas apps que mejor se adapten al ambito de trabajo deseado.
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Asimismo, realizar una nueva busqueda y valoracion de apps con los descriptores
“autism” y “autismo” tras la primera realizada en 2019, con el fin de reevaluar las apps y
comprobar si ha habido cambios, si las apps especificas para personas con autismo han
aumentado o disminuido, si las puntuaciones derivadas del sistema de indicadores de
evaluacion han mejorado tras los afios y si se ha ampliado el nimero de apps centradas

en las emociones y la gestion del tiempo

Igualmente, seria revelador conocer por qué los educadores de los ambitos de la
educacion Formal y No Formal utilizan las apps con menos frecuencia que otros recursos
(programas de ordenador o pantalla digital interactiva) pese a la existencia de estudios
que corroboren los beneficios de su uso. Esto puede venir motivado por un mal uso de los
dispositivos electronicos, por una escasa formacion en tecnologia educativa, por la falta
de recursos digitales o por otros motivos relacionados con la propia labor profesional. A
su vez, dado que esta tesis se ha desarrollado siguiendo el método cuantitativo, aportaria
gran valor continuar reflexionando en la perspectiva del educador a través de entrevistas

en profundidad, afiadiendo asi la importancia y validez de la investigacion cualitativa.

Para continuar con la linea de investigacion desarrollada, seria enriquecedor
administrar el cuestionario DPTIC-AUT-Q a profesionales de otras ciudades y paises con
el fin de conocer los motivos que los llevan a su uso y la aplicabilidad que encuentran en
las diferentes apps especificas para personas con autismo. La idea seria comparar si la
tendencia en el uso de apps cambia segun el pais, a la vez que, si difiere segun los afios

de experiencia, el tipo de educador o la etapa de trabajo.

6.4 Conclusiones y consideraciones finales

Los Smartphone y las Tablets se utilizan con frecuencia en el proceso de
ensenanza-aprendizaje, en la terapia y en el contexto familiar de los nifios, adolescentes
y adultos con autismo. El uso de dispositivos electronicos es una opcion alentadora y
atractiva para las personas con este trastorno, debido al formato auditivo, visual e

interactivo que ofrecen.

Ante la inminente proliferacion tecnologica de contenidos disefiados de manera
especifica para ellos, es necesario analizar qué es lo que realmente se esta ofreciendo a

este colectivo, ya que muchos profesionales y familias utilizan a diario dispositivos de
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este tipo y emplean las apps para fomentar el desarrollo de habilidades en las que a
menudo se presentan dificultades (comunicacion, lenguaje, emociones, gestion del
tiempo, habilidades instrumentales bdasicas, funciones ejecutivas y ocio/

entretenimiento).

Este estudio ha permitido comprobar que habia centenares de apps especificas
para personas con autismo y que cumplian de manera general con los criterios deseables
de usabilidad, ergonomia, accesibilidad y disponibilidad. Sin embargo, de las 155 apps
revisadas, tan solo 14 de ellas exhibieron un mejor desempefio que el resto, situdndose
en el grupo de apps Altamente Recomendables. Por fortuna, 132 se posicionaron en el
grupo de las Recomendables, dejando solo 9 en el de No Recomendables. Estos
resultados fueron alentadores y permitieron ofrecer a familias y especialistas en autismo
una amplia variedad de apps de calidad con un disefio, contenido y aspectos

pedagogicos disefiados especificamente para usuarios con este trastorno.

A su vez, las apps presentaron contenidos orientados a las necesidades mas
concretas de las personas con autismo, encontrando un gran nimero de apps destinadas
a las funciones ejecutivas (n = 148), el lenguaje (n = 91), el ocio y entretenimiento (n =
82), la comunicacion (n = 72) y las habilidades instrumentales basicas (n = 63). Cabe
destacar que el ambito emocional y la gestion del tiempo tuvieron muy poca presencia
de apps en el catdlogo de Google Play Store, por lo que se espera que estas areas se
aborden en mayor medida, ya que son parte esencial del desarrollo integral y de la

atencion temprana.

En cuanto a los beneficios que los distintos educadores encontraban en las apps
para la atencidon de personas con autismo, se halldé que estas eran un recurso motivador,
que podian usarse como complemento a los medios tradicionales de trabajo y que eran
utiles para afianzar y reforzar conceptos trabajados con anterioridad. Con respecto a la
aplicabilidad de las apps, los educadores manifestaron que las usaban principalmente
para mantener la atencion durante mas tiempo, para facilitar la comunicacion,
desarrollar la autonomia y alentar el aprendizaje del calculo. De manera general, la
frecuencia de uso de apps entre los distintos educadores analizados se posiciond entre las
opciones “a veces” y “bastante”, lo que aun deja mucho margen a un uso mas extendido

y frecuente de apps.

Las TIC y, concretamente las apps, como se ha ido vislumbrando, son una
opcion innovadora y a la orden del dia, tanto en el &mbito educativo como en el social.

ESRIASTIcq mssenclal. que dends, gl ntomma,de, Ia atgncion o Ja diversidad se fom
tecnologias y se eduque hacia su uso, dado que estan presentes en el contexto

diario de cualquier
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persona. Conseguir que los educadores de centros educativos y asociaciones que trabajan
con personas con autismo adquieran los conocimientos necesarios para aplicar
metodologias apoyadas en TIC es una ardua tarea, pero valiosa, de cara a un desarrollo

integro de las personas con diferentes capacidades.

No debe pasarse por alto la importancia del trabajo conjunto de programadores y
equipos especializados en la atencion de personas con diversidad funcional, dado el
énfasis actual en la accesibilidad universal y los avances desarrollados por la W3C para

garantizar dicho principio.
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6.1 Conclusions and final considerations

Smartphones and tablets are frequently used in the teaching-learning process, in
therapy and in the family context of children, adolescents and adults with autism. The use
of electronic devices is an attractive and encouraging option for people with this disorder,

due to the auditory, visual and interactive formats they offer.

Faced with the imminent technological proliferation of content designed
specifically for people with autism, we need to analyse what is really being offered to
them, since many professionals and families make daily use of these types of devices and
use apps to enhance the development of the skills they often have difficulty with
(communication, language, emotions, time management, basic instrumental skills,

executive functions, and leisure/entertainment).

This study has made it possible to show that there are hundreds of specialized apps
for people with autism and that, in general, they meet the desired criteria of usability,
ergonomics, accessibility and availability. However, of the 155 apps reviewed, only 14
of them reached a level of performance that was above the rest. These 14 comprised the
group of Highly Recommendable apps. Fortunately, 132 apps were rated as
Recommendable, leaving only 9 to make up the group of Not Recommendable apps. These
results were encouraging and made it possible to provide families and autism specialists
with a wide variety of quality apps that had their design, content and pedagogical aspects

created specifically for users with this disorder.

At the same time, the apps presented content oriented to the more specific needs
of people with autism. A large number of apps focused on the executive functions (n =
148), language (n = 91), leisure and entertainment (n = 82), communication (n = 72), and
the basic instrumental skills (z = 63). It is worth mentioning, however, that the emotional
sphere and time management were barely tackled in apps in the Google Play Store
catalogue, and it is therefore to be hoped that these areas are given greater attention, since

they are an essential part of an integrated development and early care.

Regarding the benefits that the different educators found in the apps for assisting
people with autism, it was observed that they were a motivating resource that could be
used as a complement to traditional working media, and that they were useful for

consolidating and reinforcing concepts that had been worked on previously. In terms of
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the apps’ applicability, the educators revealed that they used them mainly to hold attention
for longer, to enhance communication, develop autonomy and encourage the learning of
calculus. Generally speaking, the frequency of use of apps by the different educators
analysed was located between the response options of “sometimes” and “quite a lot”,

which still leaves plenty of margin for more widespread and frequent use.

ICT and, specifically, apps are, as I have made clear, an innovative option that is
very much the order of the day, both in education and in the social sphere as well. It is
both practical and vital that, working in an environment that caters for diversity, there is
training in technologies and education regarding their use, given that ICT is present in the
daily life of everyone. It is an arduous but absolutely worthy task for the professionals
from schools and associations that work with people with autism to acquire the necessary
knowledge to apply methodologies based on ICT, as this will help achieve the integrated

development of people with different capabilities.
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