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Presentacion

Las JAUTI (Jornadas de Aplicaciones y Usabilidad de la Television
Interactiva) son un encuentro de debate académico desarrollado por la
red iberoamericana RedAuti desde el afio 2012, y que se han realizado en
Espana, Portugal, Brasil, Cuba y Argentina.

Durante 2018, el Programa de Investigacion “Tecnologias digitales,
educacién y comunicaciéon”, junto con la RedAUTI organizaron entre los
dias 16, 17 y 18 de octubre en la Universidad Nacional de Quilmes
(Argentina), la 7ma. Conferencia Iberoamericana Jauti 2018 bajo la
denominacion “Televisiéon Digital, estudios del audiovisual y nuevas
plataformas”. Ademas, en el mismo marco, se realizaran las VIl Jornadas

Transversales de TV Digital.

El evento tuvo como objetivo reunir investigadores de universidades y la
industria de todo el mundo, para compartir sus trabajos sobre la
television digital, la television interactiva, estudios sobre los medios
audiovisuales como cine, televisién, nuevas pantallas y plataformas de
contenidos audiovisuales.

Los principales temas abordados por investigadores de mas de cuarenta
universidades de seis paises fueron:

- Tecnologias, servicios y aplicaciones para television digital interactiva

- Aplicaciones de TV inteligente

- Estudios del cine y television

- Contenido crossmedia y transmedia

- Nuevos formatos tecnoldgicos y narrativos

- Interfaces de usuario e interaccion en el ecosistema de TV

- Aplicaciones de pantalla

- Servicios On demand
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Resumen

El presente articulo muestra la implementacion de un STB hibrido (Set Top Box) que
permite recibir seifales digitales en tiempo real para las tecnologias de television
digital ISDB-Tb e IPTV, con integracion del middleware GINGA para aplicaciones
interactivas TDT, basada en plataformas de bajo costo. Se analiza las caracteristicas
de la plataforma de hardware para la implementacion, de tal forma que pueda
integrar modulos de recepcion USB de TV Digital, que sea adaptable con las
versiones middleware de interactividad, y que sea compatible con software de
reproduccion de TV a través del protocolo de Internet. Después del analisis y
evaluacion, Raspberry Pi 3 fue la placa o mini PC mas idénea para hacer esta
implementaciéon. Se muestra el desarrollo de una interfaz grafica en Android que
emula un control remoto por medio de la tecnologia Bluetooth. Finalmente se
presenta los resultados de la evaluacion del STB hibrido implementado mediante
pruebas de recepcion de canales TDT con interactividad y canales IPTV gratuitos, se
efectiian mediciones cuantitativas para comprobar su rendimiento y el correcto
funcionamiento, asi como también se aplica encuestas cualitativas MOS para

obtener la calidad de la experiencia de usuario al manipular el decodificador.

Palabras clave: TDT, GINGA, IPTV, RASPBERRY PI, TELEVISION HIBRIDA

Introduccion

En el ano 2010 se adoptd la normativa japonesa-brasilena ISDB-Tbh
(Integrated Services for Digital Broadcasting), como estandar para la
Television Digital Terrestre (TDT) en el Ecuador, la cual ofrece una mejor

calidad de television abierta con mejores prestaciones (MINTEL, 2016).
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De la misma forma, el crecimiento de la infraestructura de las redes de
internet en el Ecuador hace posible utilizar el servicio de Television por
Protocolo de Internet (IPTV), debido a que las operadoras de
telecomunicaciones en el Ecuador han puesto en marcha estudios
puntuales de la tecnologia que se encuentra en desarrollo (Sanchez,
2008). El fendbmeno de la digitalizacion influyd a la poblaciéon ecuatoriana,
una gran parte ha cambiado los sintonizadores analogos por digitales, es
decir adquirieron un televisor con receptor digital incorporado. En el
mercado existen sintonizadores externos que permiten recibir senales
digitales y posibilita al usuario usar monitores sin sintonizador de
television digital. En la actualidad se pueden encontrar unidades
receptoras y decodificadoras en el marcado, pero solo ciertos equipos
tienen incluidos el middleware Ginga, por lo que es una motivacion para
nosotros encontrar un STB de bajo costo que integre la TDT mas la IPTV y
gue ademas integre la opcion de interactividad.

El presente trabajo se encuentra dedicado a la implementacion de una
unidad receptora y decodificadora (STB) con componentes de hardware y
software de bajo costo y cédigo abierto, incluyendo el middleware que
permita la interactividad en ISDB-Tb y reproductor para IPTV. Se disenara
ademas una interfaz grafica de control de mando mediante la tecnologia
inalambrica Bluetooth con el sistema operativo Android para manejar el

decodificador digital.

Diseno de un STB hibrido TDT e IPTV

La Television Digital Terrestre e IPTV, necesitan codificar y comprimir la
informacion para la transmision, asi como también requiere
descomprimirlas y descodificarlas, por lo tanto ambas tecnologias
precisan de un decodificador digital que permita visualizar el contenido
multimedia (audio, video, datos). Es preciso indicar la relacion existente

entre el estandar de Television Digital Terrestre ISDB-Tb y el estandar de
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Television por Protocolo de Internet (IPTV) para desarrollar el proyecto;
las dos tecnologias hacen uso de la compresién H.264/MPEG-4 para el
contenido audiovisual y ambas emplean MPEG-2 como estandar para
transportar la informacién (Haro Baéz, 2012).

Red Hibrida ISDB-Tb e IPTV

Una caja hibrida es un sistema mas amplio y complejo que un cuadro
simple, en este caso un ambiente ISDB-Tb e IPTV. La figura 1 muestra un
ejemplo de cdmo puede ser el entorno de una red hibrida, y se describe
cada bloque del diagrama que forma parte la red hibrida (Ribeiro,
Lourenco, & Newton, 2008).

ISDB-Th B
SERVIDOR von| [P 1 T
|

Figura 1. Diagrama de bloques de la red hibrida

Arquitectura de hardware de un STB hibrido

La arquitectura de hardware de un Set Top Box Hibrido debe contar con
un alto rendimiento para soportar todo el procesamiento de video que
ocupa mucho recurso y adicional el middleware GINGA vy la tecnologia de
IPTV. Ademas, debera ser capaz de sintonizar y procesar las senales
provenientes del sistema ISDB-Tb e IPTV. En la figura 2 se muestra la
arquitectura de los componentes fisicos de un STB para las tecnologias de
TDT e IPTV.
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Antena

Figura 2. Arquitectura de hardware STB hibrido

IMPLEMENTACION DEL SISTEMA STB HiBRIDO

A. Estructura general del STB hibrido

Plataforma de Hardware: Después de hacer una investigaciéon de las
plataformas de hardware de bajo costo de mejores caracteristicas y que
se acople a los requerimientos que se buscaba se selecciond la
plataforma de hardware Raspberry Pi modelo B que tiene integrado una
tarjeta Ethernet y Wifi para IPTV, a la cual se le integr6 un moddulo
sintonizador ISDB- T Mygica S870 de tipo USB para la recepcion de
canales de TDT.

Sistema Operativo: Se establecié 2 sistemas operativos funcionales para
dar inicio de forma independiente a TDT o IPTV. El sistema operativo
Ubuntu Mate contiene el software que permite reproducir los canales de
televisién digital terrestre, integra el middleware Ginga.ar con el software
de recepcién Zamba de Lifia y para poder ver los canales de television a
traves del protocolo de internet se utiliza el software reproductor
multimedia Kodi como un sistema operativo independiente de Ubuntu
Mate.

Librerias: Aqui se encuentran las bibliotecas, codec’s o complementos
que permiten abrir y utilizar los reproductores multimedia para TDT e
IPTV.

10
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Usuario: Aqui se tiene al software de reproduccion de Lifia Zamba para
TDT junto el middleware Ginga ar y para IPTV se tiene el reproductor
Kodi.

Escenario de implementacion:
Plataforma de Hardware: Raspberry Pi
Sistema Operativo: Ubuntu Mate
Médulo sintonizador: Mygica S870
Reproductor TDT: Zamba de Lifia
Middleware para Interactividad: Ginga.ar

Reproductor IPTV: KaspBMC

Figura 3. Caracteristicas y estructura implementada del STB hibrido.
Manejo del STB

Se desarrolld6 una aplicacion Android para controlar el sistema operativo
Ubuntu Mate desde un teléfono movil por medio de Bluetooth. La aplicacién
fue desarrollada en Android Studio. El programa envia cadena de caracteres
por medio de Bluetooth usando un dispositivo movil, se asigné variables tipo
string para utilizar los botones interactivos F1, F2, F3 y F4, ademas para
utilizar la tecla escape, enter, click derecho e izquierdo de un mouse, subir y

cambiar canal y volumen para manejar el zapper; la interfaz se puede ver en

la figura 4.

Thooo
Control Remoto

Hem 1
Sub ftem 1

Figura 4. Disefio de la APK
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Instalacion del gestor de arranque para Raspberry

Es necesario utilizar el gestor de arranque dual Berryboot para iniciar uno
de los sistemas operativos Ubuntu Mate o RaspBMC (Kodi), para de esta
forma elegir qué es lo que se quiere iniciar si TDT o IPTV, la figura 5

muestra los sistemas operativos instados.

IPTV - RaspBMC
TOT - Ubuntu Mate

Figura 5. Gestor de arranque de Berryboot

Construir e instalar controladores Video4Linux

Este paso es fundamental para que el médulo sintonizador pueda trabajar
con Linux, para construir los modulo del controlador del kernel V4L-DVB
(Video for Linux - Digital Video Broadcast) es necesario instalar las cabeceras
en el kernel (linux-headers), e instalar varias librerias desde el terminal de
Linux: build-essential, patchutils, libproc-processtable-perl, las cuales

permiten trabajar con los drivers.
Instalacion y compilacion de las librerias necesarias para Ginga.ar

Instalar Ginga.ar, requiere de varias dependencias que permitan compilar
el codigo fuente. Es necesario tener instalado un compilador C++, un
intérprete de Python vy la libreria cmake. Ademas se requiere de librerias
externas que se encuentran enlistados en la plataforma de Lifia (Lifia,
2013).

Es necesario modificar el cédigo fuente de Lifia, para que Ginga sea
compatible con la arquitectura ARM de la plataforma Raspberry Pi. Para

esto se edita el archivo FindGlib.cmake del codigo fuente, de tal forma




7ma Conferencia Iberoamericana JAUTI 2018
Televisidon Digital, estudios del audiovisual y nuevas plataformas
VIl Jornadas Transversales de TV Digital

que la biblioteca Glib permita que el cédigo fuente de Ginga pueda ser
usado en la arquitectura ARM. El directorio FinGlib.cmake se debe anadir:
lib/arm-linux-gnueabihf/glib-2.0/include (Espinel Rivera, 2016). Una vez
realizado esto podremos compilar y construir los directorios de Ginga,

gue permitiran ejecutar el middleware Ginga.

Compilacién e instalacion del software multimedia Zamba

Una vez finalizada la instalacion del médulo sintonizador Mygica S870,
asi como también el middleware Ginga.ar de Lifia, se procede a la
instalacion del software de recepcion Zamba (Zapper orientado a Set top
Boxes) (Lifia, 2013).

Las dependencias necesarias para compilar el cdédigo fuente de Zamba,
son Zlib y Pulseaudio, asi como también todas las librerias que se
requirieron para compilar Ginga.ar, esto se debe a que el software de
reproduccion esta ligado al middleware que permite reproducir

aplicaciones interactivas que llegan desde una estacion de television.

Compilacién del cédigo fuente del zapper Zamba

Antes de compilar el codigo fuente de Zamba en la arquitectura ARM de
Raspberry Pi, es obligatorio modificar el archivo FindGlib.cmake
perteneciente al cédigo fuente Kuntur de Lifia, utilizando el mismo
principio que en codigo de Ginga. Es necesario ademas aplicar dos
parches al codigo fuente de Zamba para que sea compatible con el
modulo sintonizador. El primer parche se debe realizar en la libreria
canvas del codigo fuente, es decir editar el directorio kuntur/lib/dtv-
canvas/deps.cmake. Lo que realiza el parche es establecer la libreria VLC
como reproductor por defecto. El sequndo parche es necesario realizarlo
en la libreria zapper del codigo fuente de Kuntur. En el directorio
kuntur/lib/dtv-zapper/CMakelLists.txt (Lifia, 201 3).
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Una vez establecidos los parches al cédigo fuente se debe generar un
archivo con extension cmake para construir el software de recepcion,
pues el archivo de configuracion cmake contiene las variables necesarias
para construir Zamba (Lifia, 2013), después es necesario copiar los
directorios al sistema de Linux y asi poder abrirlo como cualquier otro

programa.
Instalacion y configuracién del sistema para IPTV

Se utiliza el reproductor XBMC para dar solucion a IPTV, pero se trabaja
como sistema operativo independiente de Ubuntu Mate que contiene el
reproductor Zamba de TDT. El sistema operativo es conocido como
RaspBMC.

El grabador de video digital (PVR, en ingles Personal Video Recorder),
permite ver canales de IPTV. Este complemento posibilita cargar el
contenido y logos de los canales de television por IP, ver la guia
electronica de programas o EPG (Electronic Program Guide) y crear una
lista de canales gratuitos.

Pruebas de recepcion y analisis de resultados

La evaluacién es realizada a nivel de rendimiento, se valora el STB
implementado con mediciones del porcentaje de uso del procesador,
tiempo de inicio y temperatura del procesador; estas pruebas son
rigurosas pues se remite a mediciones cuantitativas. La segunda
evaluacién es realizada a nivel de usuario, con mediciones cualitativas
MOS, donde un grupo de personas valoraran el resultado final que se

presenta.

Tiempo de arranque y temperatura

El tiempo de arranque del sistema operativo Ubuntu Mate es el tiempo
que trascurre desde que se prende el decodificador hasta que inicia la

reproduccion de un canal de TDT. Mientras que el tiempo para visualizar
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IPTV, es el tiempo que tarda en iniciar el sistema RaspBMC y mostrar un
canal digital. La medicion de temperatura se realiz6 sintonizando el canal
4.1 de la seftial TDT en Quito- Ecuador, en las distintas calidades de
imagen que transmite, de la misma forma se utilizé canales gratuitos de
IPTV en HD y SD para medir los parametros. Como muestra los resultados
de la Tabla 1, en promedio el tiempo de arranque del sistema TDT es
mayor que el IPTV debido a que el reproductor XBCM trabaja
independiente del sistema Ubuntu Mate que alberga el software de
reproduccion de TDT, permitiendo que el sistema de IPTV tenga mejor

fluidez de manejo y baja presencia de sobrecalentamiento.

Tabla 1

Monitoreo del segundo escenario de STB

Medicion Medicion 2 Medicion3  Promedio
1

Tiempo de inicializacion para TDT [seg] 41 seg 45 seg 36 seg 41 seg
Tiempo de inicializaciéon para IPTV [seg] 23 seg 20 seg 19 seg 21 seg
Temperatura cuando ED 52°C 54°C 48 °C 51°C
se visualiza TDT [OC] SD 40 °C 42 °C 43 °C 42 °C
One Seg 375C 36 °C 37EC 37°C
Aplicaciones 49 °C 50°C 56 °C 52°C

Interactivas
Temperatura cuando ED 30°C 3IRC 31SC 31°C
se visualiza IPTV[°C] SD 29 °C 27°C 25°C 27°C

También se realizé pruebas de descarga de aplicaciones interactivas en el
reproductor Zamba de Lifia que trae embebido el middleware GINGA, vy se
comparé corriendo Zamba desde una PC, los resultados se muestran en la
Tabla 2, el tiempo de descarga de las aplicaciones que son enviadas
desde el aire en la portatil es mas rapido, debido a que esta PC posee
mejor capacidad de procesamiento comparada con el STB implementado

en la Raspberry Pi
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Tabla 2

Tiempo de descarga de aplicaciones TDT que son enviadas desde ESPETV

Prucha Prueha Prueha Tiempo
TS 1 TS 2 TS 3 Promedio
Tiempo de SetTopBox 19 seg 22 seg 24 seg 21,6 seg
Descarga de
aplicaciones PC 12 seg 14 seg 13 seg 13 seg

Interactivas [seg] portatil

Uso de los recursos de la CPU en TDT

Para conocer el uso de CPU se sintonizo6 el canal 4.1 de la TDT en Quito
con sus distintas calidades de imagen que transmite. Se utilizd el
administrador de tareas de Ubuntu Mate, pues esta muestra un historial
de utilizacion de CPU de cada nucleo del procesador en porcentajes (%). El
uso de la CPU en Raspberry Pi 3, trabajando con el sistema operativo
Ubuntu Mate cuando se visualiza TV Digital terrestre presenta graficas de

historial de uso de la figura 6.

Histérico de la CPU Histdrico de B TPU

Bl crut 7es% Il cruzsios [ ceusaass [ crua T3 0% B crut a7e% B cruz s B cruscars [ crus 49,5%

Uso de CPU en canales HD Uso de CPU en canales SD
Histérico de la CPU
i
!I crut 1z1% Il cruz ze3w [ ceud sion [ cPu4 90

Uso de CPU en canales One Seg

Figura 6. Uso de CPU segundo escenario en TDT

Las graficas de la figura 6, representa el uso de CPU de los 4 nucleos de
Raspberry Pi 3, y permiten conocer el comportamiento de cada nucleo de

procesamiento de la plataforma. El Uso de la CPU en canales HD es alto,
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se puede observar que los nucleos del procesador entran en saturacion,
por lo tanto no es recomendable ver canales en HD pues podria
perjudicar el estado de la Raspberry Pi a largo plazo, ya que satura su
procesamiento y calienta en exceso su placa. El Uso de la CPU en canales
SD y OneSeg en TDT, se encuentran en niveles aceptables por lo que

podria mantenerse activo sin dificultades.

Uso de los recursos de la CPU en IPTV

Kodi esta pensado como un centro multimedia, por lo tanto permite
reproducir casi cualquier formato de video. La figura 7 muestra el
historial de uso de CPU cuando se visualiza IPTV, y que necesita el
sistema operativo RaspBMC cuando se reproduce canales HD y SD. Se
registré que el porcentaje del uso de la CPU es bajo ya que se trata de un
sistema operativo oficial y optimizado para Raspberry.

Con las graficas del historial de uso de CPU presentados, se determiné
que Raspberry funciona de forma regular en TDT e IPTV, siempre y
cuando no sea contenido HD pues sus limitadas capacidades de
procesamiento grafico no lo permiten. Es necesario mencionar que
Raspberry cuenta con la opcion de activacion, de la aceleracion 3D por
hardware OpenGL (Open Graphics Library), pero es una version beta o en
desarrollo por lo tanto es probable que no funcione al 100%.

CPU: ARMv7 Prol
BogoMips: 76,80
Hardware: BCM2835
Revision: a22082
Serial: 0000000002a2b167
CPU temperature: 115°F
CPU speed: 600 MHz

Hardware: BCM2835
Revision: a22082
Serial: 0000000002a2b167
CPU temperature: 115°F
CPU ' speed: 600 MHz

Total memory: B27MB

Total memory: 827M8
Free memory: 729MB

Free memory: 728MB

System CPU usage: CPUG: 2.0% CPULL 23% CPUZ 9.8% CPULL
System memary usage: 93MB / 82TMB - 12%

Uso de CPU en canales HD: 43%

System CPU Usage: CPUG: 0.0% CPUT:5.1% CPUZ 26WCPU. | Verston Infoc

System memory Lisage: S7MB / B2TMB « 12% Bubd: Radk 171 Gat.
Complied: &

Uso de CPU en canales SD 30%

Figura 7. Uso de CPU segundo escenario en IPTV
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Evaluacion MOS de los escenarios de implementacion de STB

El objetivo de la evaluacion MOS fue determinar la calidad de experiencia
(QoE) del STB implementado. Los encuestados en este tipo de test
asignan un valor global de calidad a la senal (audio/video/datos) que se
les presenta, las valoraciones de calidad son Excelente=5, Buena=4,
Regular=3, Pobre=2, Mala=1. Las pruebas se desarrollaron aplicando la
encuesta a 20 personas, de la Carrera de Ingenieria en Electronica y
Telecomunicaciones, para lo cual se plantearon las siguientes preguntas:

1. ;Como considera la calidad de video de TDT?

2. ;Como aprecia la sincronizacién entre el audio y el video en TDT?

3. iCoémo considera la calidad de video en IPTV?

4. ;Como aprecia la sincronizacion entre el audio y el video en IPTV?

5

. ¢Como evalua la presentacion de aplicaciones interactivas?

Los resultados se muestran en la figura 8, reflejan que la QoE al ver
television digital terrestre en el STB implementado tiende a REGULAR o
BUENA, excepto en la calidad HD que es deficiente por lo antes
justificado, de la misma forma la QoE al ver Television a través del
Protocolo de Internet tiende a EXCELENTE o BUENA. Finalmente en la
prueba de ejecucién de aplicaciones interactivas se muestra que las
aplicaciones cargadas localmente tuvieron una excelente apreciacion
mientras que las que se cargaron por el aire a través del modulador del
laboratorio ESPETV la apreciacion fue buena debido al tiempo que
demoran en cargar desde el carrusel de datos ya que son transmitidas

como un flujo de datos por sefial abierta.
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Figura 8. Resultados MOS preguntas 1-5.

Discusion

Se alcanzo el objetivo de implementar un receptor hibrido de TDT e IPTV,
la plataforma de bajo costo que se eligié fue la Raspberry Pi 3 porque es
la mas accesible en el mercado y existe gran soporte y foros de ayuda
técnica; se opto por trabajar con el sistema operativo Linux, debido a que
fue el mas estable y se acoplé a los sintonizadores USB TDT que se
utilizo, se logré reproducir en tiempo real aplicaciones interactivas
transmitidas por el aire en un flujo de datos; Zamba el zapper de
recepciéon de Lifia que contiene GINGA fue configurado para ser
compatible con la arquitectura de la plataforma ARM. Ademas se pudo
reproducir aplicaciones interactivas locales almacenadas en la memoria
interna del decodificador. Para IPTV se trabajé con un sistema operativo
independiente RaspBMC que permitié instalar el reproductor Kodi que
presta todas las facilidades para una plataforma de video IP. Finalmente
se logr6 desarrollar una aplicacién en Android para controlar el sistema
operativo Linux mediante la tecnologia Bluetooth, esto utilizando el

protocolo RFCOMM que emula el puerto serie RS-232.
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Trabajos futuros

En esta etapa no se logré recibir archivos TransportStream que contengan
aplicaciones interactivas sobre el receptor IPTV, por lo que se plantea en
futuros trabajos integrar el middleware Ginga para interactividad sobre
IPTV; también se pretende trabajar con la placa Nano Pi k2 de mejores
prestaciones que Raspberry pero que por el momento solo opera con el
sistema operativo AndroidTV, se espera una version oficial del sistema
operativo Linux, para poder instalar el zapper de Lifia Zamba que es
compatible con la arquitectura ARM de minicomputadoras de desarrollo,
pues Nano Pi trabaja con 700MHz de GPU permitiendo tener gran fluidez
de reproduccion en HD. También se plantea integrar Zamba en una mini
PC de mayores caracteristicas, aunque no son plataformas econémicas en
su precio, resultara beneficiosa la implementacién de un Set Top Box de
desarrollo, en el cual se pueda probar la reproduccion de aplicaciones

interactivas complejas que requieran mayor procesamiento grafico.
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Abstract

Manuscripts on the deployment and potential impact of Digital Television (DTV)
started popping up with more recurrence in academic literature databases in early
2000s, mostly from authors living in countries that firstly experienced the analog-to-
digital transition (North America, Europe, and Asia). In the 2010s, Latin American
nations began to face the technological replacement, envisioning meaningful impacts
on national strategic areas, among them, Education. In this paper, a systematic
literature review is presented in order to better understand the state-of-art of using
DTV in learning contexts. To do so, literature data search and collection was performed
in ACM, BioMed Central, ERIC, IEEE, Ingenta Connect, ScienceDirect and WOS databases;
boolean expressions were used as search terms for papers published between 2014
and 2017, and full texts not mentioning the word “learning” were not considered. It
was found 521 papers, being selected 18 through double peer review for systematic
analysis to identify the most relevant outcomes. The results showed an emphasis of
papers discussing DTV as a learning tool with positive impacts in learning, being most

of them written by authors from Latin American institutions.

Keywords: Systematic Review. Digital Television. Learning.

Introduction
Digital Television (DTV) has been usually used as a synonym of a new
technology for television that leaves behind the traditional unidirectional

flow model and promotes new forms of consuming audiovisual contents in a
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more interactive way. The contemporary environment of digital convergence
put in evidence multiple uses of television not only focused in entertainment
and journalism, but also for contexts in which health, education and public
services can take advantage of interactivity and high quality of sound and
image.

This paper focuses specifically in the conveniences of DTV in learning
scenarios. Typically, the use of DTV for teaching-learning contexts emerged
from t-learning frameworks, in a way users can have access to educational
content in different manners and forms from TV for acquiring
knowledgement (Reyes et al, 2015). Depending on the historical moment of
a country and its researcher’s appropriation of the term, DTV can be also
found as Interactive Television (ITV) with slight different concepts in learning

scenarios. These nuances will be further explored in the next lines.

2. Method

2.1 Research question

Although along the history plenty of papers show the potential of using DTV
for enhancing learning scenarios (Pemberton, 2002; Aarreniemi-Jokipelto,
2006; Angeluci, 2013; Angeluci et al, 2015; Bures, 2017), there is a lack of
studies that systematize and categorize how DTV has been explored
considering learning contexts. That could put some light on trends and
perspectives for future studies since the subject has been frequently
appearing in the literature in the last 15 years and seems to have reached a
certain degree of conceptual maturity. Consequently, the aim of this paper is
to address: “what evidences in the literature shows characteristics of DTV
use in learning scenarios?". In order to do so, the review is focused in

categorizing the papers so these evidences can emerge.

2.1.1 Database searched for data collection
Databases searched in this paper where chosen by their relevance in

education, technologies and social science fields: ACM (Association for
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Computing Machinery), BioMed Central, ERIC (Education Resources
Information Center), IEEE (Institute of Electrical and Electronics Engineers),
IngentaConnect, ScienceDirect and WOS (Web of Science).

2.1.2 Search terms and selection of papers for inclusion in the review

Search terms included were extracted from a preliminary and exploratory
bibliographic research and generated the following boolean expression:
(“DIGITAL TV” OR “INTERACTIVE TELEVISION” OR “DIGITAL TELEVISION” OR
“DIGITAL TERRESTRIAL TELEVISION” AND (“LEARNING” OR “EDUCATION”)

Full texts not mentioning the word “learning” were not included in the
review. Also, it was only considered papers published between 2014 and
2017 in form of articles in journals and magazines - papers from event
proceedings or books were excluded. Duplicate papers in different
databases were disregarded in the counting of databases with higher
occurrence of articles and considered in the smaller ones. Finally, a double
peer review of papers’ titles and abstracts meeting the criteria was done and
were excluded those ones not directly related to the use of DTV in learning

settings.

2.2 Data analysis

The papers meeting full inclusion criteria were coded in order to carry out
data analysis. A categorization proforma was created based on the
preliminary and exploratory bibliographic research, aiming to extract
systematic informations from all selected papers in 9 specific categories that
helps to salient dimensions of evidences searched in learning scenarios. Part
of the categories are more methodology-driven and the other related to the
implementation of DTV: 1) country of the host institution; 2) paper’s
purpose; 3) methods used; 4) sample size, gender and public age range; 5)
topic of application and content; 6) activity and learning types; 7) mode and

technology of interaction; 8) digital television system; and 5) type of result.

3. Results
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3.1 Papers identified by search terms

Table 1T shows the number of papers in each of the databases that were
identified using search terms. As the table shows, the search terms
identified a large number of papers (521) demonstrating high interest in DTV
in learning context during the time period assigned. During the process of
double peer reviewing of titles and abstracts, it is possible to assume that

WOS was the database most popular for the queries investigated.

Table 1. Number of papers identified by selection criteria

Database # identified in  # mentioning # between 2014  # selected after
search “learning” and 2017 in form  double peer review of
of journal articles titles and abstracts

ACM 1.691 144 7 3
BioMed Central 25 12 4 0
ERIC 697 127 5 3
IEEE 20.777 977 301 1
IngentaConnect  1.591 184 43 0
ScienceDirect 3.848 650 143 2
WOS 2.098 79 18 9
Total 30.727 2173 521 18

3.2 Country of the host institution

Of the total papers analyzed, it was found 7 papers from Latin America: 4
from Brazil, 2 from Colombia and 1 from Mexico. Six studies analyzed were
performed in the USA. It is important to emphasize that the American
studies are about questions and comparisons between the different delivery
methods courses offered by the American educational institutions:
traditional classroom course, online course and ITV course. There were also
5 European works: 2 from Spain, 1 from the Czech Republic, 1 from Latvia

and 1 from Serbia.
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3.3 Paper’s purpose

Regarding paper's purpose, 12 referred to the ITV and related technologies
used or applied to learning tool, thus meeting the main objective of this
work. There were 4 papers related to technology applied to ITV, a topic that
relates to the subject, but that did not fully meet the main objective, which,
in principle, could not be verified in the preliminary analysis of the abstracts.
In addition, 2 theoretical works were found. Of the papers selected, none of
them can be classified as a survey or literature review.

Among the works that considered ITV as a learning tool, there are those that
refers to the use of TV in remote classes with the transmission of live
lectures, being these works the ones developed in the USA.

It was possible to observe from the chronology of the publications that the
most recent papers are related to learning tools with applied technologies
from previous works, suggesting an initial concern with the development
and evolution of the technologies and, later, the application of them as
learning tools. Moreover, in the case of Brazil, this period coincides with the
implementation and first years of the terrestrial DTV system operation,
which may explain the interest in researches about technology development
and, later, its use in education. In Colombia, where the digitization process
was later, only theoretical works were found, carried out by Reys et al.
(2015) and Reyes Gamboa et al. (2016). It should be noted that in one of the
papers, Monteiro et al. (2014) presents the proposal of a structure that can
be applied to ITV, but in the their experimental work, other technologies

were used.

3.4 Methods used

Of the non-theoretical studies analyzed, 8 of them were study cases and the
other 8 were experimental studies, of which, 1 also presented characteristics
of a quasi-experimental study. In comparison with section 3.3, it was
possible to observe that, of the selected papers, among those that presented

a case study, there was 2 papers referring to technology applied to ITV and 6
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referring to learning tools. The proportion was maintained for the
experimental studies, being 2 works on technology and 6 works on use as a

learning tool.

3.5 Sample size, gender and public age range

The sample sizes in the study cases and experimental studies varied
between 22 and 382 individuals, and 3 study cases and 1 experimental
study did not indicate sample size. Only 6 studies indicated gender
distribution and, in three of them, the distribution was approximately 50%.
However, none of the studies present an analysis of the difference of the
results by gender, which can be explained by the fact that there was three
papers that presented a sample with a distribution around 50%, with a small
sample size still. It is noteworthy that most samples have more women. It
can be seen in the works of Baldassari et al. (2015), Olmsted et al. (2014)
and BureS et al. (2017). Regarding to public age range, one work was
addressed to children's public (8-14 years old) and another one to basic
education (8-14 and 15-18 years old). Six studies had university public (19-
30 years old) and two works related to adult public (19-30 and 31-59 years
old). Two papers were focused on the elderly audience (over 60 years of
age). Finally, seven papers do not indicate sample size or this characteristic

does not apply, as in the two theoretical papers.

3.6 Topic of application and content

Several topics were subject of the applications or the courses which the
research was carried out. Among the contents are: Math (2 papers), Biology,
Sociology, Literacy, Communication, IT, Artificial Intelligence, Cognitive
Application, Health Care, Dental Hygiene, Manager Training, Teacher
Training and MBA. Monteiro et al. (2014) and Revelle et al. (2014) presented
proposals with games characteristics. In the first, this was a small
functionality of the platform, allowing creating of challenges between users;

in the second one, the proposal was an augmented reality game, which users
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needed to collect virtual objects (balls) scattered in the environment and

throw them onto the television.

3.7 Activity and learning types

Papers have mostly activities with exclusively individual learning mode -
being a total of eight papers following this profile. Five papers presented the
learning conference mode, since they referred to studies on remote class.
These studies were carried out in the USA as previously mentioned.

The study of Revelle et al. (2014) was classified as collaborative activity type
and the Monteiro et al. (2014)’ study involved a proposal with collaborative
and competitive learning characteristics. These last two are those mentioned
in the previous topic, which presented characteristics of games. For three
studies, including the theoreticals ones, the individual, collaborative or
competitive classification does not apply.

Regarding the learning type, as expected in this survey, the works that
presented ITV as a learning tool are predominantly those that involve
distance learning. Twelve studies did deal with a distance learning proposal
and two papers presented mixed proposals that applied distance learning
combined with instances of presencial methods.

It is worth mentioning that, even in comparative studies between distance
and face-to-face courses, when ITV was used exclusively in the distance
course, learning type was classified as distance. The cases in which the
distance ITV method also incorporated presencial instances are considered
mixed. Lightner et al. (2013) and Monteiro et al. (2014) presented this mixed

type learning.

3.8 Mode and technology of interaction

Most of the works also presented interaction mode through individual
devices. Seven of the analyzed manuscripts used remote control. Bures et al.
(2017) indicated in his work, besides the use of remote, that the interaction

was potentialized with a pointer device. Also, Baldassari et al. (2015) used, in
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addition to the remote, an IP camera that had an important role in the
interaction with the system, capturing the user's emotions from facial
recognition.

In the five remote class searches, the mode of interaction, as one might
suppose, was through personal computer or video conference system.

In three proposals, the interaction was made by smartphone, and for Krstic
et al. (2016), the user's choices in his device were used to recommend new
content, in addition to Monteiro et al. (2014) and Revelle et al. (2014) which,
as mentioned earlier, applied game elements in their projects, also using
mobile devices for interaction. This latter made use of a stylized case that
gave to the device a playful design to turn it into an object of the game.

In three works, the interaction mode did not apply or was not specified.
Vasquez-Ramirez et al. (2014) presented a proposal addressed to android
TV, that is a platform with multiple possibilities of interaction. However the
work does not materialize a study with an application generated in the

platform and, therefore, there is no interaction reported.

3.9 Digital television system

Of the proposals that used or were developed for terrestrial TV, three were
made for the Brazilian-Japanese standard (ISDB-t) and two for the European
standard (DVB).

The five USA works related to remote class had their own conference system.
Two proposals were directed to the market of Smart TVs. Vasquez-Ramirez
et al. (2014) had their project directed to the Android TV platform and Rivas
Costa et al. (2017) presented an independent prototype platform and
executed it in a HTPC simulated environment. Revelle et al. (2014) used an
OnDemand video system (VOD).

For five papers, the system on which the project was executed was not
specified or this characteristic does not apply. Among them, BureS et al.
(2017), in which the prototype was run in a set-top box, but operating

system was not indicated.
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3.10 Type of result

Regarding the results, the criterion for analysis was the presentation of
results in terms of education, either in learning (knowledge and skills
acquired) or behavioral (motivation and engagement). Of the analyzed
papers, 6 presented mainly qualitative results, 2 papers with mainly
guantitative results and 3 presented mixed results, in a total of 11 papers.
All these studies indicated that there was learning using ITV, and seven of
them concluded that learning with ITV was better than other methods. Two
studies found that learning with ITV, compared to other methods, was equal.
For two proposals, this characteristic does not apply because there was no
comparison with another scenario.

Of the papers that presented results related to education, 10 also indicated
advances in engagement and motivation. Olmsted et al. (2014)
demonstrated gains in learning in his study, but does not mention
behavioral analysis.

Seven papers did not present results, or this characteristic does not apply to
the proposal presented by them. Furtado et al. (2014) presented an
integrated production method for ITV applications, and therefore did not
seek learning results, but results in ease of use. Vasquez-Ramirez et al.
(2014) performed a heuristic usability analysis of an application produced
for ITV on the proposed platform. Presenting adequate learning objects was
the result sought by Mendes et al. (2015), which showed a LOs
recommendation system. Krstic et al. (2016) proposed a personalized guide
system, so the results were related to the adequacy of the contents
suggested by the system. Kapenieks et al. (2015) assessed results in terms
of reduction of dropout rate in the course studied. Finally, two papers did

not present results in education because they were theoretical.
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4. Conclusion

Although it is worthy pointing that the reduced sample can induce to bias,
this limitation do not reduce the relevance of the findings based on the
strong structured data collection. The data showed some important
evidences in this research field and addressed the research question
previously pointed.

Most of the papers identified are research results from Latin American
countries. There are differences in approaches regarding the concept of DTV;
in the USA, the concept of DTV is closer to distance education, and ITV is a
more used term than DTV in north-american works. The greatest occurrence
of papers on the subject in a given period is related to the country's
historical moment in the discussion about the implementation of DTV
technology, as in the case of Brazil.

Regardless of the type of methodology used, most studies have investigated
the use of DTV as a learning tool rather than purely technological issues,
with a very varied spectrum of interest in terms of public profiles and
educational contents. It is also important to note that most interaction
activities occurred in remote education contexts using computers,
smartphones and other devices as interaction resources. In general, most
studies showed advances in learning process, also in engaging and
motivation of the public involved.

As future works, further investigations are expected in terms of presenting
basic characteristics and results of each application; also, expanding the
period time, including papers from 2008 to 2012 and 2018, giving a wider
perspective, as the period analyzed (2014 to 2017) is understood as not the
boom period for research in DTV in Latin America and also for USA and
Europe - although it was important the understand the current state-of-art of

DTV in learning scenarios in the contemporary set.
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Resumen

La Television Digital interactiva (TVDi) favorece la experiencia y la participacion de los
espectadores brindandoles un rol activo. El desarrollo de software interactivo requiere
el empleo de criterios de usabilidad para proporcionar experiencias satisfactorias a los
usuarios. Ademas, las diversas caracteristicas de los programas de television requieren
procesos eficientes para el desarrollo de software interactivo.

Con el objeto de fomentar y apoyar el proceso de desarrollo de aplicaciones TVDi de
calidad y a nivel de escala, pero a la vez rapidos y faciles, este trabajo presenta una
herramienta que permite a los productores de TV realizar el diseio y desarrollado del
software. SPL-iDTV es un generador de disefos y de cédigo, dado que permite diseiar
plantillas (configuraciones) y luego generar el cédigo de las aplicaciones especificas.
La herramienta se apoya en la combinacién de estrategias de reutilizacion de software,
en particular, lineas de productos de software (SPL) y patrones de diseio de
interaccion centrados en el usuario.

Se presenta de manera practica el disefio de las plantillas a partir de los patrones de
diseio y la generacion de diversas aplicaciones (NCL-GINGA) usando las mismas.
También se expone el modelado de la herramienta, que usa técnicas especificas de SPL

y los detalles mas importantes de la implementacion.

Palabras Claves: Interactividad - TV Digital- Lineas de productos de Software -

Patrones de Diseio de Interaccion - Modelo de Caracteristicas - Ginga-NCL.

Las aplicaciones interactivas de TVDi, son software multimedia que
permite a los espectadores interactuar con el contenido vinculado a
través del control remoto (Rodrigues & Soares, 2006). Ademas de

proporcionar informaciéon, las aplicaciones de TVDi ofrecen diferentes
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mecanismos para la participaciéon del espectador, tales como encuestas,
debates, votacion y juegos. Por esta razodn, las aplicaciones interactivas
son herramientas de comunicaciéon de contenidos poderosas y valiosas
que pueden beneficiar a la sociedad en general. La incorporaciéon del
componente "interactividad" lleva a los actores de la industria de la TV a
experimentar, crear y buscar aplicaciones interactivas apropiadas
(Fernandez & Goldenberg, 2008).

La usabilidad (Nielsen, 1993) es un factor clave que debe caracterizar las
aplicaciones interactivas para proporcionar experiencias de usuario
satisfactorias (Solano et al., 2011). El disefio y posterior implementacion
del software debe considerar criterios adecuados para el diseno de la
pantalla, botones, menus, colores, etc., que garanticen el uso razonable
de la interactividad y el contenido audiovisual (Dix, 2009). A la vez, la
industria de la TV es muy diversa en términos de tipos de contenido,
frecuencia de emisiones, modo de producciéon, audiencias, etc.). Para
abordar esta heterogeneidad, que es propia de la TV, es necesario contar
con procesos de desarrollo de software interactivos altamente eficientes y
productivos.

En Latinoamérica, el 70% de los paises ha adoptado el estandar ISDB-Tb
(Servicios integrados Digital Broadcasting, Terrestre, version brasilefia)
que utiliza el middleware Ginga (Balaguer & Zambrano, 2013) para la
ejecucion de aplicaciones de TVDi, por lo tanto deben codificarse en
lenguaje NCL o Java. El cédigo NCL es basicamente un documento XML
que define como los objetos multimedia (videos, imagenes, sonidos y
texto) estan estructurados y relacionados en tiempo y espacio.

A diferencia de Brasil, en el resto de la region se observa que los
procesos de desarrollo de aplicaciones interactivas son aun inmaduros
para soportar la construcciéon de aplicaciones TVDi a escala industrial
(desarrollo manual y artesanal y distancia entre las industrias de software

y TV); a la vez, son escasos los métodos efectivos para incorporar
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criterios de usabilidad en aplicaciones de TVDi desarrolladas de forma
generalizada.

Este trabajo, propone medios para superar estas deficiencias, y hacer al
proceso productivo, reducir los costos, el esfuerzo y el tiempo de
desarrollo, asi como mejorar la calidad de los productos finales. Para ello
el enfoque que se presenta combina dos estrategias para reutilizar
software, integra lineas de productos de software (SPL) (Clements &
Northrop, 2002) y patrones de disefno de interaccion para TVDi (Kunert,
2009).

El resto de este documento esta organizado de la siguiente manera, en la
Seccion 2 se estudian patrones de disefio de interaccion para aplicaciones
de TV Digital, en la Seccion 3 se presenta una vision de la herramienta
SPL-iDTV, en la Seccion 4 se describe el modelado y la implementacion de
la herramienta desarrollada, en la Secciéon 5 se detallan trabajos

relacionados y, en la Gltima seccidon se exhiben las conclusiones.

Patrones de diseno de interactividad para aplicaciones DTV

Un patron de disefio de interaccion (Kunert, 2009) documenta soluciones
comprobadas para problemas de diseno de interaccion de una manera
sistematica y comprensible, razén por la cual se dice que los patrones de
disefio de interaccion se centran en el usuario. Se han propuesto
diferentes formatos para patrones de disefio de interaccion (Duyne,
Landay & Hong, 2002); estos varian en sus elementos, la cantidad de
elementos y los nombres y el orden de los elementos. Para el dominio de
las aplicaciones de TVDi, (Kunert, 2009) presenta la coleccibn mas
completa, rica y ampliamente aceptada. Este catalogo de patrones de
diseno de interactividad, describe 41 patrones, clasificados en 10 grupos.
El catalogo proporciona una plantilla para cada patron que indica su
nombre, ejemplos, el contexto de uso, los problemas que resuelve, las

soluciones que proporciona, las citas y los patrones relacionados. Los
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grupos y patrones usados en este trabajo son los que se mencionan en la

tabla siguiente

Grupo A: Page Layout
A1l Choosing the right page layout

Pattern Group B: Navigation
B1 Multiple ways to navigate

Pattern  Group C: Remote

Control Keys

Al Overlay B2 Menu C1 Choosing the right keys
A2 Full-screer with video B3 Video nrulti-screen C2 Arrow keys
A3 Full-screen without video B4 Index C3 OK-key

BS5 Page nun bers C4 Color keys

B6 Tabs C5 Nun ber keys

C6 Special keys

Pattern  Group D:  Basic | Pattern Group E: Content | Pattern Group Fi: Help
Functions Presentation H1 On-screen instruction
D1 Initial call to action E1 Text design H2 Help section
D2 Starting E2 Content box
D3 Loadirg indication E3 Paging
D4 Exiting E4 Scrolling
D5 Hiding application E5 Switching between content
D6 Going one level up iter.s

E6 Synchronized content

El primer grupo a definir en una aplicacién es Page Layout, al menos un
patron de este grupo debe estar presente en todas las aplicaciones por el
cual se establece un diseno de pantalla. El grupo de Navigation determina
la forma de navegar en la aplicacién a partir del disefio de pantalla
definido. Segun la eleccion de los patrones de los grupos anteriores se
determina que teclas de control remoto deben emplearse. El grupo de
Basic Functions presenta diversas disposiciones para el ingreso, salida y
advertencias de la aplicacion. El grupo Content Presentation ofrece
tipografias y colores apropiados, cuadros de contenidos ubicados
adecuadamente, solucionar problemas del poco espacio en pantalla,
moverse a un nivel arriba para poder seleccionar diferentes contenidos y
sincronizacion de contenido. El grupo Help ayuda al telespectador en el
uso de la aplicacion.

Todos los grupos se refieren a tipos especificos de contenido y se
clasifican en tres clases: tareas de usuarios genéricos de iDTV, requisitos
de usabilidad.

indicaciones de los patrones cumplen con los niveles de usabilidad

de contenido general y requisitos generales Las
requeridos para TVDi que se pueden usar de manera efectiva, eficiente,

segura y satisfactoria.
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Vision de la Herramienta SPL-iDTV

SPL-iDTV es una herramienta que permite a los desarrolladores (no
programadores) configurar o definir plantillas con el disefio de interfaz de
las aplicaciones iDTV, y luego generar automaticamente el cédigo para
cada aplicacion. La disposicion, combinacion y usos de los elementos de
la interfaz y medias respeta principios de usabilidad dado que la
herramienta usa los patrones de diseio como condiciones y restricciones
para la definicién. En la Figura 1, se representa esta funcionalidad. SPL-
iDTV permite configurar distintas plantillas para un determinado
producto, luego a partir de la plantilla elegida es posible generar las

aplicaciones (cédigo).

VIDED
TEXT VIDEO

]

—
<a -—— . <2

TniEal Apecaton, Sart Appcauon ‘Anphcation Weny End of the spplaton Initial Appiication Aoolicatian hMer End of the appicancn
Plantilla 1 :
Plantilla 2

Figural. Plantillas de disefio de interfaz de las aplicaciones iDTV

En la Figura 1, la plantilla 1 usa los patrones InitialCall, Starting, Existing,
FullWithVideo, Menu, Colour, Arror, TextDesign ContentBox; y la plantilla
2 emplea los patrones InitialCall, Overlay, Menu, Colour, TextDesign,
ContentBox, Existing.

Los pasos para el disefio de plantillas y posterior generacion de cédigo
son:

1. Disefio de plantilla (configuracién): el usuario debe especificar qué
elementos de interaccion que definen una plantilla tales como
medias (imagenes, texto), elementos de navegaciéon (menues,
scroll, flechas), fondos, botones, layouts, etc., a partir de los
patrones de disefo. Para este proposito, SPL-iDTV ofrece un menu
de posibilidades con todos los patrones disponibles (Figura 2). En
este punto, cada grupo con su conjunto de patrones es identificado

y ordenado. Una plantilla se especifica seleccionando o cancelando
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la seleccion de caracteristicas segun las necesidades del usuario. Se

obtiene una configuracion o plantilla como resultado. La Tabla 1

ejemplifica esta tarea. Se presenta una configuracion

columna) a partir de los patrones aplicados (columnas 1-3).

=
e Moy
Nemeet | Copom Tty | Save Gl | Opom Bapn | Save G | 040 Falsin | Farwuéan | Delmgner | Modakheckes | livis

oy

St g ] o
V1§ ¥

w1 10 i ! MersaC oo o : =t

= . = i ¥ ¥ sl o e = Samsent

Speeds o it astinteam Dt eocenss

 StaniosHorfistion

Figura. 2. Menu de configuraciones de la plantilla 1

(altima

2. Generacion de aplicaciones TVDi. Una aplicacion en particular

tendra su propio video (contenido audiovisual) y sus propias

medias (textos e imagenes). Primero el usuario debe especificar las

medias (imagenes, video, texto) requeridas para el diseno. Para

esto, SPL-iDTV ofrece una interfaz que permite buscar los archivos

multimedia desde una ventana del navegador. Una vez que se

seleccionan las medias, el sistema los asigna a los elementos de la

plantilla correspondiente.

Tabla 1: Correspondencia de entrada y caracteristicas de la Plantilla 1
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Grupo Patrones Descripcion * Mo

BasicFunction InitialCall Texto y botor INFO, ubicacion en la
parte inferior e izquierda de la
pantalla, duracion en segundos.

BasicFunction Starting Boton color Menu, ubicacion inferior e
izquierda, duracién permanente.

PageLayout FullWithVideo El video se ubica en la parte superior e
derecha de la pantalla en un tan afo de
1/3.
Navigatior Menu El ment se encuentra en la parte inferior

derecha, debajo del video, el mismo posee
cuatro opciones que consiste en un rienu

de colores.
RemoteControl Colour, Arrow Opciones de Colores y flecha
Content TextDesign El texto se despliega en la parte superior . Ameae "

izquierda, describiendo el tipo de fuente
Sans Serif, tamario 24 y de color yellow.

Content ContentBox e .u -

Finalmente el usuario selecciona una configuracién creada y el conjunto
de medias asociadas y ordena la generacién automatica del cédigo NCL
para el nuevo producto, que implementa la funcionalidad de la aplicacion.
Las Figuras 3 y 4 ejemplifican los dos ultimos pasos. A partir de la
configuracion de la Tabla 1, se obtienen dos aplicaciones diferentes.

Estos simples pasos permiten a los usuarios generar automaticamente
aplicaciones TVDi. La herramienta es muy econdémica para desarrollar
diferentes configuraciones usando las mismas medias hasta que se
obtenga el producto que mejor se adapte a las necesidades del productor
de TV. Del mismo modo, una vez que se encuentra la plantilla 6ptima que
corresponde al estilo de un programa de TV, actualizar las medias es aln
mas simple. El usuario repite la tarea desde el paso 2, es decir,
actualizando las medias, de acuerdo con las diferentes transmisiones de

un programa.
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Conjunto de elementos multimediales
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Figura 3. Aplicacion generada de la configuracion Tabla 1
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Figura. 4. Aplicacién generada de la configuracion Tabla 1

GSPL-iDTV: Modelado e Implementacion

Una SPL es un enfoque para desarrollar familias de sistemas basado en el
uso de activos reutilizables como un medio para mejorar la calidad del
software, reducir costos de produccion y tiempo de entrega al mercado
(Pohl, Bockle & van der Linden, 2005). Los productos de una SPL se
especifican en términos de las diversas caracteristicas (feature). Una
caracteristica se define como un incremento en la funcionalidad del
producto, estas pueden ser caracteristicas comunes y caracteristicas
variables. Un modelo de caracteristicas (MC) es una representacion
compacta de todos los productos de una linea de productos en términos
de caracteristicas y relaciones entre ellos. Estos modelos especifican que

elementos de la familia de productos son similares o variables a lo largo
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del ciclo de vida del desarrollo (Apel & Kastner, 2009). Por otra parte, se
incorporan al MC un conjunto de reglas (Batory, 2005). Las reglas son
expresiones logicas formadas por caracteristicas, conectivos ldgicos y
cuantificadores. La intencion de usar una légica de predicados para
expresar reglas por defecto es de evitar las ambigliedades del lenguaje
natural (Van Deursen & Klint, 2002).

La estrategia aplicada define la plantilla como raiz del diagrama, en el
segundo nivel, los grupos de patrones constituyen caracteristicas, siendo
también abstractas. Luego a partir del tercer nivel, cada patron se
representa como una caracteristica concreta. Para determinar los tipos de
caracteristicas y las relaciones entre las mismas, se utilizé la definicion de
los patrones, pero ademas se analiz6 manualmente 32 aplicaciones TVDi
en las que se aplicaron los patrones de disefio de interacciéon (Kunert,
2009).

El modelo de caracteristicas (Fig. 5) representa los patrones relacionados
con la presentacion y seleccion de informacion, Secciéon 2. En el MC
existen los 12 patrones mencionados, que corresponden a 172
caracteristicas, de los cuales 126 son caracteristicas concretas. Para el
grupo Pagelayout se requieren de 33 caracteristicas, Navigation 40
caracteristicas, BasicFuntions 63 caracteristicas y, para Content 25

caracteristicas.

iDTY - Config. 1

- s :
Pagelayout Navigation RemoteControl Content
FUIWIERVideo Many Color TexiDesign ContentBox
. . L - ® -® ™ . .
TamVideo SizeVia Presentation Typahenu | TransparencyMenu Amountitem TypeFont | SizeFont | | ColourFont | | HorizontalContent || VerticalConten

PosionVideo | | SVid1_3 | | HorizontalMeny | VerticalMenu | | MenuColow | | SintTransparency | |llem1 | | em2 | Rem3 | itemd SansSerf  Font2d | Fonfveliow TopCont LeNCant

BasicFuntions

TopVideo RightVigeo \miti@hCan Starling Existing

. ® » 3 ® o - L) » -
IniText  Inikay IniFos IniDur StartingKey SiwtPos || ExitText | | Exitiley  ExitPosHor || ExitPosVer

- ° ° . 5
Inikeylnfo | | IniPosHor niPosVer | | IniDur art) Ho tartPos Exit_0 ExitRight

IniPasHorBottom | | IniPosWerLaf StartPosi tanF g

Figura. 5. Modelo de Caracteristicas (MC) de la Configuracion Tabla 1
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El conjunto de reglas aplicadas en el MC permite que se produzcan
aplicaciones con usabilidad. Para el diseno del MC se definié un conjunto
de 50 reglas en total: a) reglas para controlar determinadas
caracteristicas del mismo grupo y, b) reglas para restringir caracteristicas
de distintos grupos de patrones. A continuacion se presentan algunas
reglas ya definidas en el modelo y una breve descripcion:
R#3:BasicFunctions  implies  Pagelayout and Navigation and
RemoteControl
R#23:TopVideo and RightVideo and TopCont implies not RightCont
R#40:MenuColour impliesnot Item5 andnot Item6 andnot Item7 andnot
ltem8
La R#3 es una restriccion que implica que exista un diseno de pantalla,
navegacion y permita operaciones con control remoto para poder emplear
funciones.
La R#23 es una restriccion que permite ubicar el video en la parte
superior derecha de la pantalla y al contenido en la parte superior,
prohibiendo a este ultimo ubicarlo a la derecha.
La R#40 es una restriccion que prohibe emplean mas de cuatro opciones
para la opcion del menu color.
La primera regla esta orientada a restricciones globales del modelo, que
basicamente, debe existir ciertos grupos de patrones para habilitar otros.
La R#23 esta relacionada con los patrones FullWithVideo y Content. La
regla R#40 valida caracteristicas que restringen al patrén Menu.
La herramienta SPL-iDTV implementa el modelo conceptual abstracto y
genérico descrito anteriormente. SPL-iDTV se implementdé en Java y
FeaturelDE (Kastner et al., 2009) con el componente AHEAD. Este ultimo
componente permite aplicar técnicas de programacion orientadas a
caracteristicas, a través de diversas propiedades que ofrece. La idea
central de la implementacion fue modularizar los patrones de diseno de

TVDi como caracteristicas y generar automaticamente las secciones de
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cédigo requeridas en un documento NCL. El diagrama de clases en la
Figura 6 ilustra las clases mas importantes que componen la herramienta.
Estas clases se han dividido en dos grupos. Las clases de la izquierda
(App, WinNewProduct, Main, Product, WritelnFile y Connector) son las
clases que controlan y ejecutan todo el proceso de especificacion,
configuracion y generacion de codigo, independientemente de los
patrones que se elijan. Asi, la clase App es el modulo principal que
controla toda la ejecucion, ofrece la funcionalidad de crear una
configuracion y permite generar una aplicacién NCL, y la clase Main
realiza la invocacion de las clases y métodos que implementan los
patrones involucrados en una configuracién dada y controla toda la
generacion de un producto final (el cédigo NCL) mediante la invocacion
de la clase WinNewProduct. Las clases de la derecha corresponden a cada
una de las caracteristicas especificas de los patrones de disefo de
interaccion y el MC (Overlay, FullWithVideo, FullWitoutVideo, Menu,
VidMultiScreen, Index, PageNumbers, Tabs, Arrow, Ok, Color, Number,
Special, InitialCall, Starting, Loading, Exiting, HidingApp,
GoingOnelevelUp, TextDesign, ContentBox, Paging, Scrolling, Switching,

Synchronized, Instruction, and Section).

sl c<java Classs> <cjava Class>> || <<lava Class>> <<java Liass>>
% ®App B0verlay || GFullWithVideo || ©FullWithoutVideo Caracteristicas / Patrones
(default package) (default package) || (default package) (default package)
G;;d‘a:”(::j:r — <cjam Class>> ||  <<Java Class>> <<lava Class>> || <<lava Class>>  |[<<lawa Clags>>
(default pack M:? éﬁ:ﬂ:ﬁ:;d EMenu @VidMultiScreen @index (@PageNumbers @ Tabs
{default package)|| (default package) {default package) || (default package] ||(defsult package)
<<Java Class>> (defautt package)
EWinMediaText <<dava Class>> [|<<Java Class>> [|<<Java Class>> ||<<lava Class>> ||<<Java Class>>
(default package) | @ Arrow G0k @ Colour @ Number || @ Special
<< java Clags>> {default package) || {default package} (| (default package) [ (defaull package) || (defaull package)
<<Java Class>> GMain — — = - == - .
BWinMediaVideo — . . <<dava Class>> <<java Class>> <<Java Class>> (|<<ava F:Ia_ssn c‘-‘la\_q Class>> <<Java Class>>
(default package) (dafast packege) @InitialCall | @Starting | Gloading | (GExisting | GHidingApp (| ®GoingOneLevelUp
S {default package) || (default package) || (default package) || (default package) (| (default package) {default package)
\
/ A <<Java Class>> || <<lava Class>> ||<<Jaa Class>> |[<<java Class>> ||<<lava Class>> || <<Java Class>>
// \ (& TextDesign || G ContentBox| & Paging & Scrolling & Switching || & Synchronised
e / {default package) || (default package) ||(default package) || (defaunt package) ||(default package) || (default package)
<<Java Class>> | [<<Java Clase>> | [<<Java Class>>
@Connector ©Product | | ®WritelnFile | | <<Jawa Class>> || <<Java Class>>
(defautt package) | |(default package) | |(detautt package) | | @Instruction || & Section
{default package) || (default package)

Figura 6. Diagrama de Clases de la herramienta SPL-iDTV

Trabajos Relacionados

Existen diversas herramientas para el desarrollo de aplicaciones de DTVi
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compatibles con Ginga. Por un lado estan los editores y revisores de cédigo
como NCL Eclipse (https://marketplace.eclipse.org/content/ncl-eclipse), NCL
Composer (Guimaraes, R., de Resende Costa & Soares, 2008), que estan
destinados a desarrolladores con habilidades y formacién en programacion
NCL-Ginga. También librerias y Apis que permiten reutilizar codigo como
GingaGame (Barboza & Clua, 2009), o frameworks como FramelDTV
(Pequeno, Gomes & Castro, 2010), ATHUS (Segundo, da Silva & Tavares,
2010), que permiten reusar codigo y disefio e igualmente requieren
conocimientos de programacion para su uso. Varios generadores de cédigo
se han propuestos, ITV-Learning para generar encuestas (Neto, Bezerra &
Dias, 2012), SGAi para generar objetos de aprendizaje (Bernal, Cabezas &
Quezada, 2013) y Crea TV Digital, de propésito general (Arroyo, Schwartz,
Cardozo & Tardivo, 2012), aunque no requieren habilidades de
programacion a los usuarios, no incorporan conceptos de usabilidad. A
partir de plantillas predisefadas se encuentran otros generados como IT
NEWSs, para noticias (de Souza Vieira, Galabo, Pinto, de Araujo & Neto,
2014), APl TV (Oyarzo, Herrera & Casas, 2014) y Template Generator
(Ochoa, Pillajo, Acosta & Olmedo, 2014), de propésito general. SPL-DTVi es
un generador de planillas y coédigo de propodsito general que produce
aplicaciones que cumplen principios de usabilidad.

Conclusiones

En este trabajo hemos presentado la herramienta SPL-iDTV, la cual presenta
dos ventajas importantes, la capacidad de disefar plantillas para
aplicaciones de TVDi a partir de patrones de disefio centrados en el usuario,
y la capacidad de generar automaticamente el codigo de las aplicaciones que
resulten del uso de las plantillas. Esto es posible, dado que SPL-iDTV es una
SPL, es decir un generador de familias de aplicaciones TVDi. Ademas
presenta otras ventajas adicionales, es un modelo abstracto debido a que es
independiente del estandar de TV Digital, el middleware y el lenguaje de
programacion de interactividad utilizado; esta definido y estructurado en

base a patrones de usabilidad probados; y es extensible, ya que puede
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incorporar facilmente nuevos patrones (caracteristicas). Estas capacidades
permiten reducir el desarrollo de aplicaciones TVDi en tiempo, costo y
esfuerzo.

El trabajo futuro esta enfocado a incorporar mas patrones en el modelo y en
la herramienta, para implementar todo el catalogo de patrones, agregar un
modulo a la herramienta que permita configurar diferentes idiomas de
destino para el codigo generado, y para optimizar el codigo generado por la
herramienta.

En https://sites.google.com/site/laboratoriodetvdigital/software se ha

dispuesto mas informaciéon de SPL-iDTV.
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Abstract

Despite the increasing number of solutions that come up every day with real
usefulness to support the elderly, older people need to feel that the product is a
real asset, often requiring more time to adopt solutions. The usage and
satisfaction levels are highly influenced by the concern that development and
design teams need to have by taking target audience’s needs and expectations
into account. Considering that the user is the key player, he/she should be the
centrepiece in the development of a project. In the scope of the +TV4E project,
that aims to develop an interactive television (iTV) platform to deliver informative
contents about social and public services to Portuguese elders, several stages
were carried out with potential end users based in a participatory design
approach. These moments required that method and process’ decisions were
adopted, based on literature as well as on the experience lived during these
moments. Likewise, dealing with older people requires extra care (physical,
language, etc.) by the researchers, considering the anticipated and unexpected
difficulties that can arise. Thus, the present paper aims to describe and discuss
the challenges faced by the +TV4E project team members during all the project
process, as well as the lessons learned concerning the used methodologies and
tools and the implemented process. It is the intention of the authors that the
presented findings can be used as guidelines in other studies involving the

elderly.

Keywords: iTV platform, elderly, developing process, lessons learned
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Introduction

Faced by almost all countries, the ageing population, is a great human
achievement that resulted from improvements made on living conditions.
Facilitated access to better food and nutrients, water and enhancements in
sanitation and health systems (He, Goodkind, & Kowal, 2016) were key
aspects to perform this feat. Since 1970 the world average age of death has
increased 35 years, with declines in death rates in all groups of the age
pyramid (He et al., 2016). Societies are increasingly aware and concerned
with the needs that arise with the ageing process, both at individual and at
collective level. One of the first public attitudes that reveal the societal aware
concerning this phenomenon was the creation of the “active ageing” concept,
by the World Health Organization (WHO) in 2002 (Kalache & Gatti, 2002).

Due to the population ageing, there are more and more politics, studies,
interventions, products and solutions intending to provide answers to
older people’s needs. This greater attention for the elderly’s needs has
been actively contributing to the development of effective solutions for a
healthier, autonomous ageing process. Traditionally several technologies
focus on helping seniors with physical impairments but its potential is
increasingly recognized as an important support for the promotion of
social life (Harrington & Harrington, 2000). Based in this phenomenon,
the concept of gerontechnologies appears. This type of solutions aim to
support older people to maintain their autonomy, increase the feeling of
belonging to a community, enlarge the social networks, and improve the
wellbeing and literacy (Rice & Carmichael, 2013; T. Silva et al., 2016a).

Recent studies have shown that the elderlies are increasingly demanding
with the solutions they effectively use in their daily lives, which is also a
result of the growing supply. In line with this, and in order to develop
solutions with real impact in the individuals’ lives, it is essential to
construct products with and for seniors. However, development teams

must balance the effort that the involvement of potential end-users
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requires on their part, to not saturate people which, often, generates
some reluctance in collaborating in new initiatives.

Through time, one of the greatest media platforms with high importance
in citizens’ life, regardless the age group, was the television (TV). With the
emergence of the internet and new ways to access information, television
was losing prominence. However, regarding the Portuguese elderly
population, this remains the preferred device for accessing information
and entertainment contents (Marktest Group, 2011). The combination of
television's functionalities with the potential of the internet led to the
creation of interactive television (iTV) systems, which is the basis of the
+TV4E project. This project, further explained in chapter 2, aimed to
develop an iTV platform to promote the info-inclusion of Portuguese
seniors through the exhibition of informative contents about public and
social services on TV.

As referred before, developing a product for a digital medium directed to
a specific target group of users, implies worrying about their needs and
optimizing the interface based on evaluation and tests, in order to create
a good quality system as a whole. This framework, entitled co-creation
process by Rosenberg and colleagues (Rosenberg, Ross, & Garcon, 2013),
is one of the most powerful design principles of new innovations as well
as the user's experience. This was one of the key principles in the +TV4E
project, which closely involved potential end-users in various phases of
defining and testing functionalities. Developing tests with people implies
that researchers can be able to adapt their behaviour to the situations, to
the individuals and their specific needs, as well as having good levels of
communication skills, empathy, etc. Although, it is recognized that the
life stage of the participants in the tests may influence the session’
dynamics and, consequently, the desired goals and required data.

In addition to the present introduction, this article is organized in the
following sections: section 2 offering a brief description of the +TV4E

academic project; section 3 presenting a quick analysis of the ageing
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process and some of its characteristics as well as a broader view on the
importance of developing technologies with its final target audience;
section 4 which illustrates the methodological steps followed during the
testing phases with seniors and the main lessons learned, disaggregated
by type of technique applied, and finally, section 5 that presents some of
the conclusions drawn from this study and orientations for future work in
this field.

+TVAE Project

The +TV4E project aims to promote the info-inclusion and improve the
quality of life of Portuguese seniors by broadcasting video spots with
informative content about social and public services. These videos include
an audio track narrating the news content that is crawled from specific
websites. This is an action-research project headed by the University of
Aveiro, that comes up with an iTV platform, running in set-top boxes
(STB), to enrich the TV viewing experience. Considering the user’s
preferences, needs and expectations, the system that supports the
platform was created to only send relevant contents for the user. The
information presented in the videos is aggregated into seven macro-areas
of interest, titled Assistance Services of General Interest for Elderly
(ASGIE), previously studied (T. Silva, Caravau, & Campelo, 2017). These
areas are: (1) health care and welfare services; (2) social services; (3)
financial services; (4) culture, informal education and entertainment; (5)
security services; (6) local authority services and (7) transport services.
Regularly, the system verifies if there are new contents on the information
sources that feed the platform, and automatically generate new
informative videos. This process is achieved through an algorithm that
selects contents from different web sources and builds audio-visual
pieces on its own.

The video spots are then injected into the linear television transmission.

At this moment the regular TV broadcast is locally paused and resumed
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after the presentation of the informative video. It should also be noted
that when the STB is turned on, a splash screen is shown with contextual
elements: a welcome note based on the time of the day; information
regarding the weather (temperature and an icon that visually represents
the weather); the time and date; and the current season.

Regardless of the macro-area of interest, all videos have a similar
structure and are composed by a set of elements, presented in a
succession of cards’ flow. The audio-visual elements included, specific to
each macro-area of information, are: icon that identifies each specific
ASGIE; specific colour background associated with each macro-area of
information; background images defined to each ASGIE;
opacity/transparency of images; background music; audio track that
narrates the news article; font size shown as video caption (T. Silva, Reis,
Hernandez, & Caravau, 2017). Narration’s speed; video length; reading's
synchronization with transitions between screens and narration speed;
transition effects between screens and news’ interest, are the functional
components integrated into the informative videos (T. Silva, Reis, et al.,
2017).

The research team defined two modes of presentation/visualization of the
videos, analysed during the project execution with potential end users: (i)
"injection”, where the user receives an overlaid notification informing that
a new video is available and it will start in 15 seconds; or (i)
"notification", where the user only receives a notification, localized at the
top of the screen, requesting the user's express wish to start the video. In
this last scenario, to accept the video, the user should press the “OK”
button on the remote control. If the user does not execute any action,
after 30 seconds, the notification retracts to the corner of the screen
waiting for instruction. After 4 minutes it disappears irreversibly if no

action is taken.
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“NOTIFIED” MODE “INJECTED” MODE

Fig. 1. “Notified” vs “Injected” video modes available

A video library was also implemented in the iTV system as an extra
feature. This component allows the consultation of video spots,
generated on the last five days, already seen, as well as accessing videos
that were triggered to the user but that were not visualized.

Additionally, a mobile application for Android was designed, as an
extension to the iTV platform, which aims to offer a higher freedom
degree access to the users, not limiting the visualization of informative
videos to the home context. This feature allows the user to access
informative contents, on-demand, through the video library as well as

recommended content.

Theoretical Background

Until a few vyears ago, getting older was a painful process deeply
characterized by negative factors. However, a new political and societal
sensitivity had raised, marked by the implementation of new political
frameworks and strategies that support and promote active and successful
ageing.

Despite the heterogeneity that characterizes the group of people in
advanced ages, there are restrictions that naturally appear, such as
physical and mental health (changes at the organic and mental level),
psychological (self-regulating changes of individuals relative to their age
perspective), and social limitations (Schneider & Irigaray, 2008; Schroots

& Birren, 1980). Although the responsible factors for ageing in their

biological basis are not consensual, the gradual physiological and
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anatomical deteriorations that occur in the human body have real
repercussions in individuals’ lives.

Concerning sensory modifications, for example, seniors face visual
changes related to alterations in the eye structure, such as declines in
visual acuity, colour vision, contrast sensibility and adaptability (Reis,
Caravau, Silva, & Almeida, 2017). Also, one of the most problematic
modifications for seniors is hearing perception changes. Summarily, age-
related changes in hearing are: loss of sensibility to pure tones, especially
high frequency tones; difficulty in understanding speech; sound
localization problems; problems in binaural audition; higher sensibility to
loudness and more time needed to process audio information (Czaja &
Sharit, 2013).

Obviously, neither these nor other modifications felt by the elderly should
feed the stereotype that older people are “less capable”, but it is
undeniable that ageing makes some activities and tasks harder to
execute.

The ageing phenomenon leads to societal changes that are increasingly
focusing its attention to seniors’ needs and desires, due to their growing
importance in the demographic structure. The advances made to
Information and Communication Technologies (ICT’s) have been
contributing to an efficient global distribution and diffusion of
information, which improves well-being, satisfaction and comfort levels of
developed countries’ lifestyles. However, modern devices and new
technologies are often difficult for older people to understand or to
handle, hence one of the main concerns in developing ICT’s for seniors is
based on their ability of adapting to a new technological system. Physical
and cognitive challenges, hesitation related to technology’s benefits or
even basic online services’ complexity emerge as some of the factors for
the dissuasion of ICT’s usage by seniors (T. Silva et al.,, 2016b;
Stojmenova, Debevc, Zebec, & Imperl, 2013).
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In this line of thinking, technological solutions for seniors should be
designed and developed keeping their perspectives and necessities in
mind, as well as considering their natural surrounding environment, for it
to become a valuable instrument for them (Nunes, Kerwin, & Silva, 2012;

Stojmenova et al., 201 3).

+TV4E phases and techniques applied

The +TV4E project involved various phases which consisted of several
intermediate steps, in which different methodological techniques were
applied. The results obtained in each one of the phases supported the
development of the next phase, which mean the project is characterized by
an evolutionary and sequential way. Although, several times there was the
development of more than one task in parallel, which made some tasks

benefit of the results of the following activities.

The choice for each one of the applied methodologies and techniques
varied according to the defined objective, the guidelines of the
international literature, but also of the previous experience of the

researchers with the target public.

Through +TV4E project time, seven main phases were carried out (see
Fig. 2).

Informational ‘
needs’ analysis

Development and
| test of a mobile app

Fig. 2. Project execution phases of +TV4E project
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Each project phase had specific aims as well as expected results, briefly
explained next.

Phase 1: Informational needs’ analysis encompassed the literature review,
in international scientific databases, concerning the work developed in
the area of iTV applications and their potential to support seniors;
analysis of seniors’ information needs namely the requirements related to
social and public services, as well as their opinions and expectations
regarding the development of iTV applications. Data was also collected
about the information seniors’ needs on social and public services in the
Portuguese context regarding the lack of studies in the national
framework in this field.

Phase 2: The definition of functional components of an iTV platform for
seniors, able to deliver content about public services relied on a review of
the STB primary specifications, exploring its functional potential and
studying multiple solutions for each component. This task required on-
field questioning to ensure the acknowledgment of the target audience,
cultural probes (observation and informal conversation at seniors’ natural
environment) and focus groups (including gerontologists and researchers
involved in the development of applications for elderly people).

Phase 3: The development of the system architecture and front-end
interface were carried out concerning the inputs collected in phase 2 and
was fully in charge of the +TV4E developers.

Phase 4: The main objectives were to design an initial graphical solution
for the iTV platformO to develop an initial architecture for the iTV
platformO to develop a low fidelity prototype of the overall platform that
would allow: i) testing interaction models, design decisions, architectural
and communication decisionsO ii) perceiving if the content defined to be
delivered to the users would be the most appropriate and if the
algorithms used would be adequate. After defining the video’s attributes
and tuning the architecture system, it became essential to test the

prototype with potential end users, which allowed the identification and
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closure of new problems in the platform under development as well as
making sure that the data being used was trustworthy through
improvements in the prototype.

Phase 5: This stage centered on the testing phase which included both
lab-based studies and field trial studies. Thus, the aims were: using the
prototype and perform tests with the target audience, considering their
specificitiesd evaluate the design and functionalities with the target
audience through tests; redefine, if needed, according to the test results,
design, functionalities, delivered content, architecture and techniques to
interrupt.

Phase 6: At this stage, the platform needed to be highly stable for the
tests to provide accurate results for the project since software problems
were very disruptive in the user experience (UX). Aside from fixing
software and architectural problems, this task also comprised the
optimization of already implemented layouts and interfaces, namely the
video library. These were then presented to users in controlled testing
scenarios, both in a senior university and in a senior home, where the
research team was able to collect valuable feedback that helped to
improve the overall usability of the platform. After that, the developed iTV
platform were tested with the target audience at their homes (natural
environment), as a final evaluation of the product.

Phase 7: Finally, a mobile application was created as an extension of the
iTV platform. After the development of a first prototype of the mobile
application, two test moments were performed with a limited number of
potential users. Both test phases aimed to evaluate key aspects of the
interface and the layout of the application.

According to the purposes of each step, several methods and technical
approaches were applied. The selection of methodologies for data
collection took their benefits for each moment into account.

Older people are an increasing user group of technologies and creating

useful and easy-to-use solutions for them, regarding features and

59




7ma Conferencia Iberoamericana JAUTI 2018
Televisidon Digital, estudios del audiovisual y nuevas plataformas
VIl Jornadas Transversales de TV Digital

interaction, is of high importance, even for those with a poor technical
background (Epelde et al., 2013). However, seniors are a special group of
individuals with pronounced characteristics and different needs from
younger age groups, which requires a special preparation and assembly
of the researchers for the moments of interaction (P. A. Silva & Nunes,
2010).

Several factors influence the choice of the technique applied, such as
device used and previous experience with the technology (Pemberton &
Griffiths, 2003). Also, inherent factors to the individual must also be
taken into account, namely age, education, academics and social
background, specific diseases, etc (P. A. Silva & Nunes, 2010).

Concerning all these factors, during the +TV4E timeline, potential end-
users of the iTV platform were involved in two major moments: (1)
analysing their information needs about social and public Portuguese
services and (2) developing the application’s interface and components.
In this second category of moments, the focus was on studying and
analysing the quality of the interaction between the individual and the
technology, which is based on the context of Human-Computer
Interaction (HCI) (Dix, Finlay, Abowd, & Beale, 2005). During this study,
the team was engaged with the co-creation principle, and whenever
possible, potential end users were involved in the design and testing
phases. The following topics explain in detail all methods and techniques
that were applied to collect data with seniors, in which specific phases
they were applied and the main lessons learned on how to run testing

moments with older adults.

Lessons learned

Following the data presented above, in the next paragraphs will be listed
some lessons learned that are transversal to all project phases, as well as

to all methods and techniques applied.
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One of the main difficulties, and perhaps the biggest obstacle, was to
recruit participants. Concerning the inclusion criteria defined to the
sample individuals (60 years old and over; being a literate person;
watching television frequently and living close to the research team work
place), with some variations depending on the test phase, it was learned
that there were some available options regarding where potential
participants could be found: seniors associations such as Senior
Universities; day care centres and family and friends networks.

Once in the field context it is important to promote a relaxed
environment, encouraging conversations not only about the project which
will help to construct a trusting relationship and a connection feeling with
the project. A clear and concise language is primordial, and the
researchers need to adapt their communication according to each group
of participants, for example, taking their education level and
technological experience into account, as well as adjusting their voice
tone to seniors’ hearing acuity. The importance that each person
represents for the work must be clearly stated, and each individual should
be treated as a unique and irreplaceable participant.

Also, in all the interaction moments the aims and aspects of the data
collection should be referred, allowing the participant to request
additional information or quit at any time. The confidentiality of the
collected data must always be explicitly guaranteed, verbally and written.
Demonstrating that there is a constant monitoring and that the team is
totally available to clarify any doubts without any repercussion for the
person is also considered a good practice. Making it clear that
participants are not under a test, withdrawing the concern that many of
them feel when testing solutions, is also very significant.

As referred above, it is difficult to engage and bring together in a single
space a reasonable number of people (around 30 individuals) to make
decisions about a certain feature/aspect. In these cases, one reliable

solution is to select a restricted number of participants in a focus group
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moment and require that in the end, the group makes a consensus
decision among all.

This paper was created in line with the belief that sharing the knowledge
and lessons learned over an academic or corporation project may
represent an added value for other research teams that work in the same
field or similar areas. The team is nowadays collecting specific lessons
learned for each research methods applied that will be listed in deep

analysis in a future paper.
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Abstract

Nowadays, one of the common electronic device available in households around the
world is the television set. Its high utilization ratio opens a set of possibilities in
terms of projects that can use it to fulfill viewers’ needs. In this context, projects
developed to specific audiences, such as elderly, can take advantage of the
possibilities that TV provides. +TV4E is a solution designed for elderly, promoting
the inclusion of this audience through the exhibition of informative contents about
specific subjects. Systems like this are very relevant, since they can promote social
inclusion to a considerable portion of the world's population. However, many of the
functionalities available in applications like +TV4E are still inaccessible to people
with physical disabilities, because the access to the available main features
happens through conventional remotes. New forms of interaction, based on
Assistive Technology (AT) principles, aim to enable people with disabilities to
perform tasks in a more autonomous way. An example of AT-based initiative is the
IOM (Interface Oculos-Mouse) project, which focuses in developing a device that
works as an alternative way of interaction with computers, specifically designed for
people with motor disabilities in the upper limbs. Based on this background, this
paper presents IOM4TV, a software prototype that allows viewers to control the

+TV4E application through the IOM device. The paper introduces the proposed
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architecture, highlighting the main steps involved during the development of such
intermediate interface. The research team intents to develop tests with the target

audience in order to validate the prototype in the near future.

Keywords: Assistive Technology; Interactive Television Systems; People with
disabilities; Alternative forms of interaction; Prototype.

INTRODUCAO

O Televisor (TV) é um dos utensilios domésticos mais comumente
encontrado em lares no mundo. Este alto nivel de disponibilidade
propicia a sua utilizacao para diversas finalidades, além de sua aplicacao
original (Silva et al., 2017). Aliado a este fator, qualidade de audio e video
provida pela TV digital associada as novas experiéncias que a TV
interativa (iTV) pode fornecer, ampliam consideravelmente o universo de
aplicacoes que podem ser criadas para a TV. Um exemplo deste tipo de
adaptacao é o projeto +TV4E, o qual objetiva utilizar a TV como um canal
de difusao de conteudo informativo sobre servicos publicos e sociais
personalizado para idosos, intercalando este conteddo com a
programacao televisa normal (Silva, 2017).

Entretanto, apesar de alcancar uma parcela consideravel da populacao, a
forma de interacdo realizada por meio de controles remotos
convencionais, acaba dificultando ou impossibilitando o wuso de
aplicacoes desta natureza por publicos alvo mais especificos, como é o
caso de pessoas com deficiéncias motoras. A Tecnologia Assistiva (TA) é
uma area de pesquisa que busca propor e desenvolver dispositivos,
ferramentas ou servicos que melhorem a qualidade de vida e aumentem a
autonomia de pessoas que sofrem com limitacoes fisicas decorrentes de
problemas de nascenca, doencas degenerativas ou acidentes ocorridos ao
longo da vida (D. R. N. of Pennsylvania, 2012). Especificamente no Brasil,
de acordo com censo realizado em 2010, 23,9% da populacao declarou
ter algum tipo de limitacdo fisica, sendo que deste total, 7% relataram

alguma forma de incapacidade motora (IBGE, 2010). Um exemplo de
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solucao que utiliza conceitos de TA voltada a pessoas com limitacoes
motoras, é o projeto IOM (Interface Oculos-Mouse), no qual se
desenvolveu um dispositivo vestivel que permite simular os movimentos e
cligues do mouse, a partir da movimentacao da cabeca (Machado et al.,
2010).

Este trabalho descreve o desenvolvimento do IOM4TV, uma solucao que
utiliza um dispositivo de interacdao alternativa IOM para comandar uma
iTV. A aplicacao criada adiciona um suporte para o IOM a solucao +TV4E,
permitindo que um usuario controle o sistema de iTV do projeto +TV4E,
por meio de comandos de movimentacao de cabeca enviados pelo IOM. O
restante artigo esta organizado da seguinte forma: a secdo 2 apresenta a
fundamentacdao tedrica, necessaria para compreensao do trabalho. A
secao 3 detalha o processo de desenvolvimento da solucao proposta. Na
secao 4 os resultados alcancados sao discutidos. Por fim, a secao 5
apresenta as conclusdes deste artigo, apontando as proximas etapas

envolvidas no projeto de pesquisa em que este trabalho esta inserido.

FUNDAMENTACAO TEORICA
Esta secao descreve os conceitos das areas de pesquisa envolvidas no
trabalho, além de evidenciar os principais componentes dos projetos

envolvidos na solucao proposta.

Tecnologia Assistiva (TA)

Segundo o relatério da World Health Organization (2017), atualmente
mais de um bilhao de pessoas possui alguma deficiéncia em todo mundo.
Esse alto contingente populacional, produz uma crescente necessidade
por produtos que amenizem ou eliminem as dificuldades encontradas por
estas pessoas em sua vida cotidiana. A area de pesquisa que se preocupa
com o desenvolvimento de solucdes que habilitem este publico a exercer
com mais autonomia, desde tarefas basicas (como se alimentar,
comunicar ou locomover) até atividades complexas de trabalho, é

denominada Tecnologia Assistiva (TA).

68




7ma Conferencia Iberoamericana JAUTI 2018
Television Digital, estudios del audiovisual y nuevas plataformas
VIl Jornadas Transversales de TV Digital

Segundo Hersh (2010), TA é uma expressao genérica que abrange
produtos, tecnologias e servicos utilizados para aumentar a
independéncia e a participacao deste publico na sociedade. De acordo
com Lauand (2005, apud Seabra & Mendes, 2009), existem diversas
classificacoes que podem ser utilizadas para categorizar as TA. Uma
delas considera o custo e o funcionamento dos recursos adotados,
dividindo-as em trés niveis:

e Baixa TA: aparatos simples, nao-elétricos e de baixo custo;

e Média TA: dispositivos elétricos, mas sem recursos computacionais;

e Alta TA: solucdes que utilizam softwares e/ou hardwares

especificos.

A Figura 1 apresenta exemplos de alguns tipos de TA, agrupados de
acordo com os trés niveis recém destacados. O uso de TA de alto nivel,
especificamente, congrega diversos campos de estudo, dependendo da
aplicacao que se deseja conceber. Progressos em linhas de pesquisa
como Acessibilidade Universal (AU), Sistemas de Suporte a Decisdes (SSD),
Ambient Assisted Living (ALL) e Interacdo Humano Computador (IHC)
possibilitam que uma nova geracao de TA surja para melhorar a vida das

pessoas com deficiéncia fisica (Alonso, 2015).

Figura 1 - Exemplos de TA agrupadas conforme o nivel de TA.
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IOM (Interface Oculos Mouse)

Neste contexto, o IOM surgiu como um dispositivo de interacao
alternativa que permite o controle de computadores por meio de
movimentos da cabeca do usuario. O seu objetivo primordial é ser uma
opcao de baixo custo para possibilitar que pessoas com restricoes
motoras em membros superiores consigam interagir com aplicacbes em
equipamentos computacionais de forma simplificada e independente.

A versao atual do IOM consiste em uma armacado de oculos, que utiliza o
sensor acelerdmetro para captar a movimentacao realizada pelo usuario.
A Figura 2 destaca os principais elementos contidos na versao 1.0 do

IOM.

IOM

~

microcontroller

Figura 2 - Principais componentes do IOM.

Os dados de entrada captados sao transmitidos por meio de uma
conexao serial e traduzidos em movimentacoes do cursor na tela de um
computador. Esta interpretacdo é feita com base em um protocolo interno
de comunicacao, de forma que os dados trocados entre o IOM e o
dispositivo controlado sejam compreendidos e tratados adequadamente
em ambos os lados desta comunicacao. Para a execucao de cliques, a
versao 1.0 do IOM adota a técnica de Dweel Time, disparando estes
eventos quando o dispositivo permanece parado em uma posicao durante
um periodo de tempo configurado pelo utilizador. O IOM é acompanhado
de uma aplicacao para a sua configuracao, que permite a personalizacao

de parametros de utilizacao do dispositivo.

Televisao interativa
De acordo com Silva (2017), a TV interativa (iTV) é composta por dois

conceitos fundamentais: TV e interatividade. Neste sentido, a TV
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convencional possui espectadores e ndao usuarios, ja que de fato nao ha
interacao acontecendo entre estes dois atores. O formato nao
participativo é dependente do modelo dos conteldos, onde existe
publicidade, cinema ou pivdos que servem como intermediarios da
interacao com a audiéncia (Silva, 2014; Soto & Ali-Hasan, 2015). Ja o
conceito de interatividade, possui dois elementos envolvidos: a forma de
comunicacao e o ambiente de midia utilizado. A conjuncao de interacao e
TV, permite que o conteudo passe a ser distribuido de acordo com os
habitos dos usuarios, proporcionando uma experiéncia de utilizacao

ajustada.

Projeto +TV4E

A plataforma +TV4E foi concebida nesta perspectiva, visando fornecer aos
idosos uma maneira simplificada para acessar informacdes sobre servicos
publicos e sociais, com o intuito de tornar estes usuarios mais
independentes. O foco é apresentar contetdos informativos que facilitem
o0 acesso a informacdes relevantes no contexto dos usuarios, enquanto
estes assistem TV. Para que nenhum programa em andamento seja
perdido, o +TV4E permite pausar o programa que esta sendo transmitido,
possibilitando que os usuarios assistam um video informativo e, em
seguida, retornem a transmissao a partir do ponto em que ela foi parada.
A plataforma possui uma biblioteca que agrega os videos enviados aos
usuarios, além de utilizar um sistema de recomendacao proprio para

selecionar contelido de acordo com perfis especificos.

IOM4TV

Este artigo trata da concepcao do IOM4TV, uma solucdo de software
desenvolvida para integrar os projetos +TV4E e IOM. O objetivo
fundamental é utilizar o dispositivo IOM como forma de interacao para
controle do sistema do +TV4E. Para iniciar este desenvolvimento, foram

elencados os dispositivos envolvidos na solucao proposta:
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e TV: dispositivo principal de interacdo com o usuario, que exibe os
conteudos apresentados pela aplicacao de iTV;

e Set-top box (STB): equipamento que se conecta a TV com uma fonte
externa de sinal e o transforma em contetddo, em um formato que
possa ser apresentado na tela. No +TV4E, a aplicacao executa sobre
STB’s Android;

e |IOM: dispositivo de interacdo alternativo baseado em movimentos
da cabeca;

e Contéiner de execucao: computador que sera utilizado para
conectar o IOM.

A partir desta especificacaio de componentes, foi elaborada uma ideia
inicial da arquitetura, a qual é destacada na Figura 3.
API +TV4E
~«. Comandos via

"-'&‘

Requisicdes | ', Sockets
HTTP

Figura 3 - Arquitetura geral do IOM4TV.

Dois componentes de software sdao responsaveis pela comunicacao dos
dispositivos envolvidos na interacdo: i) Web Service (WS) de integracao; ii)

Interfaces de controle especifica para o IOM.
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Web Service de Integracao +TV4E

Para possibilitar a comunicacao entre as aplicacdoes foi projetada uma
camada intermediaria de software que funciona como uma fachada. Ela
consiste em um WS que recebe chamadas HTTP (HyperText Transfer
Protocol) POST e dispara instrucdes que sao executadas na STB. Para
funcionar adequadamente, sdo necessarias duas informacdes na
requisicdio HTTP: i) o identificador da STB utilizada; ii) uma chave
numeérica que indica a funcido que deve ser disparada. Nos protétipos
desenvolvidos neste trabalho, o identificador da STB é passado na URL de
testes. A chave numérica que identifica a acao que deve ser executada é
passada como parametro da requisicao POST. Os valores que podem ser
assumidos por este parametro, sao resumidos na Tabela 1.

Tabela 1 - Acbes e seus codigos correspondentes no protocolo de

comunicacao.

Acao Caédigos

Ir para proximo 40

canal

Ir para canal 38

anterior

Teclas 1, 2, 3, 4, 5, 49, 50. 51, 52, 53,
6,7,829 54,55, 56,57
Abrir  ou fechar 48

biblioteca

Comando OK 13

Navegar biblioteca 37

esquerda

Navegar biblioteca 39

direita

Enviar video 8
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Por meio deste protocolo, ao receber uma requisicaio HTTP, o WS
identifica o comando desejado e depois estabelece uma conexao, via
Sockets, com a STB pretendida, enviando o comando que sera efetuado
na aplicacdo de iTV. A Figura 4 destaca uma chamada HTTP POST enviada

para processamento pelo WS.

Identificador da STB

__________ I

POST h:tp:f;api_mysql_:véeAptiapijsendKey;lee%eOeESe:éaéél HITP/1.1

P

- keyCode=37
F" HTTP/1.1 200 OK

Codigo de movimento
enviado

Figura 4 - Exemplo de requisicdo HTTP enviada ao WS.

Aplicacdes para interacao via IOM

Para possibilitar que o IOM dispare comandos ao WS, foram projetadas
interfaces especificas para realizar a interacdo com os usuarios. Duas
abordagens diferentes foram utilizadas, as quais sao destacadas nas

proximas secoes.

Prot6tipo com interacdao padrao do IOM

O primeiro método de interacao se baseou na abordagem de
funcionamento padrdao do IOM. Ou seja, o dispositivo simula um mouse,
captando a movimentacao realizada pela cabeca para deslocar o cursor
na tela e executando cliques por meio da técnica Dweel time. Assim, foi
desenvolvida uma GUI (Graphical User Interface) especifica para interagir
de acordo com esta abordagem. A interface criada é destacada na Figura
5.
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Figura 5 - Interface de interacao do IOM4TV

O wusudrio navega pela interface utilizando o cursor por meio de
movimentos continuos da cabeca. Ao permanecer fixo durante algum
tempo sobre o botdao desejado o clique é realizado, desengatilhando o
processo que monta e dispara a requisicao HTTP para o WS. Esta interface
foi desenvolvida como uma ferramenta Web, utilizando linguagens
HTML/CSS para seu desenvolvimento, e AJAX como técnica de disparo das

requisicoes HTTP ao WS.

Protétipo com interacao via eventos

O processo de desenvolvimento do primeiro protétipo, motivou a
elaboracao de uma forma diferente de interacao pelo IOM, ou seja,
utilizando respostas a deteccdo de eventos especificos. A ideia visava
simplificar o uso da aplicacdo, diminuindo a fadiga e desconforto nos
usuarios, provocado por excesso de movimentos repetitivos. Para tanto, o
firmware do IOM foi adaptado, de forma a permitir o seu uso mediante a
reacao a eventos de movimentacao. Inicialmente quatro possibilidades de
interacao foram reconhecidas: cima, baixo, esquerda ou direita. A partir
desta implementacao no firmware, foi desenvolvida uma segunda
interface em Java utilizando classes listeners as quais ficam aguardando a
ocorréncia de algum dos eventos pré-definidos, para disparar as
respostas desejadas. O numero limitado de eventos que monitorados

nesta versao do software, tornou necessario especificar a forma de
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interacao com a aplicacao. Foram, entdo, definidas as acdes relacionadas
a cada evento capturado, resumidas na Tabela 2.

Tabela 2 - Relacdo entre eventos e acoes executadas sobre a aplicacao

Eventos Acao
Movimento Navega  para
para Esquerda esquerda
Movimento Navega para
para Direita direita
Movimento Executa acao
para Baixo selecionada

Por navegacdo, se entende que é o método que possibilita ao usuario
percorrer pela interface. Por exemplo, partindo do momento em que esta
selecionado o botao “OK” da interface, se usuario movimentar a cabeca
para a direita ou esquerda, o foco passara para

o proximo botao disponivel na direcao desejada. Depois de selecionado
o botdo desejado, o gatilho que efetivamente dispara a acao relacionada
ao botao, € o movimento de cabeca para baixo. Vale ressaltar também
que o funcionamento por eventos foi completamente integrado na
interface. Contudo, nada impede que futuramente algum evento
especifico seja programado para chamar outra funcao diretamente, como

a troca de canal, por exemplo.

RESULTADOS ALCANCADOS

O trabalho descrito neste artigo faz parte de um projeto de pesquisa que
visa propor um arcabouco de software voltado ao desenvolvimento de
aplicacoes de TA, especificamente focada em pessoas com restricoes
motoras. Neste contexto, o IOM tem sido utilizado como objeto de estudo

de caso, ja que se propde a ser um dispositivo voltado a este publico.
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Para alcancar estes objetivos, o projeto tem seguido 0s passos propostos
por Roberts & Johnson (1996), visando identificar as caracteristicas
recorrentes percebidas em solucdes distintas, que podem compor o
arcabouco de software desejado. Neste contexto, além do IOM4TV, outras
iniciativas ja foram desenvolvidas com o intuito de criar aplicacbes que
adotem o IOM como objeto de interacdo (Cardoso et al., 2016; Peroba et
al., 2017).

Atualmente, o IOM4TV encontra-se em etapa de finalizacdo, com a
aplicacao de testes de desenvolvimento sobre os protoétipos
desenvolvidos. As interfaces tém sido testadas diretamente em
computadores, que executam as aplicacdbes criadas. As avaliacoes
executadas até agora permitiram identificar alguns pontos que estao
sendo agregados a estrutura interna de funcionamento do IOM. A
incorporacao do modo de operacdao por eventos, em especial, foi uma
contribuicao bastante importante advinda do IOM4TV, uma vez que abre
um novo leque de possibilidades para desenvolvimento de outras
aplicacoes que utilizam este comportamento. Outro ponto relevante foi o
desenvolvimento de duas interfaces de interacao utilizando tecnologias
diferentes, uma baseada em Web e outra em programacao desktop. Este
fato reforca a compreensdao de que o arcabouco deve se ater na
perspectiva de definicio de uma especificacdo conceitual, que possa ser
implementada independentemente da tecnologia.

A adocdo de GUI’s intermediarias entre o usuario final e a aplicacdo de
iTV, aparentemente, se mostrou uma técnica adequada de interacdao, uma
vez que fornece um feedback visual direto aos utilizadores do IOM4TV.
Entretanto, esta afirmacdo ainda carece de maiores validacdes, ja que
apenas testes de desenvolvimento foram aplicados sobre a solucao
criada. A utilizacao de WS para a realizacao da integracdao das interfaces
com a aplicacao de iTV se mostrou eficaz e funcional. No entanto é
preciso levar em consideracdo que os testes foram realizados em

ambientes de desenvolvimento controlados. Ou seja, fatores como
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indisponibilidade ou baixa qualidade de conexao a internet devem ser
considerados em testes funcionais posteriores, ja que afetam diretamente
as funcionalidades propostas. Por outro lado, estes eventuais problemas
podem ser amenizados se for considerado o cenario de aplicacdo do
servico de iTV, o qual confia o seu funcionamento basico na existéncia de

uma estrutura minima de conexao com a rede.

CONCLUSAO E TRABALHO FUTURO

Este trabalho apresentou o processo de arquitetura e concepcao do
IOM4TV, uma solucdao de software para controlar a aplicacao de iTV do
+TV4E através do dispositivo de interacao alternativa IOM. Para permitir
esta integracdo, foi proposta uma solucdo composta por dois
componentes de software principais: um WS de integracdo; e uma
interface de usuario especifica para utilizacdo da iTV por meio do IOM.
Com relacao ao segundo componente, foram desenvolvidas duas formas
de suportar este processo de interacao do IOM com o +TV4E. A primeira
baseada no comportamento padrao do IOM, e, a segunda adotando uma
abordagem baseada em respostas a eventos. A abordagem de interacao
por meio de eventos foi um resultado bastante interessante neste
trabalho e que motivou a sua incorporaca0 como uma nova
funcionalidade no software do IOM. Vale destacar que esta aplicacao
entra dentro do conjunto de solucdes que vem sendo desenvolvidas
dentro do projeto de concepcdao de um arcabouco de desenvolvimento
para solucdes dirigidas a usuarios com restricoes motoras.

Na sequéncia deste trabalho espera-se, brevemente, executar testes
funcionais da aplicacdao junto do publico especifico da solucdao. Para
tanto, no momento de escrita deste artigo, estao sendo contatadas
instituicbes em Portugal e no Brasil, que trabalham com idosos e pessoas
com deficiéncia fisica, que possam se tornar parceiras do projeto,
contribuindo especificamente para a etapa de testes e avaliacido da

solucao criada. Em termos de metodologia de testes, pretende-se utilizar
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o SAM (Self Assessment Manikin) e o PSSUQ (Post-Study System Usability
Questionnaire) como técnicas de complementares de avaliacao do
IOM4TV (Bradley & Lang, 1994; Rosa et al., 2015). A ideia principal é unir
os resultados provenientes de ambas as abordagens, com o intuito de
alcancar uma avaliacdo mais precisa sobre a aplicacao, em termos de

atratividade e usabilidade da solucao proposta.
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Resumen

El video es el formato de informacion preferido entre los internautas,
principalmente los adolescentes, YouTube es uno de los tres espacios de internet
mas popular en la actualidad, junto a Google y Facebook. Estos espacios
constituyen exponentes de la web 3.0, que se caracteriza por la produccion de
contenidos, ademas del intercambio de informacion entre usuarios. Las
caracteristicas y propiedades, los contenidos, las funciones, la colaboracion, la
interaccion enriquecen la comunicacion y generan nuevos esquemas de
interoperacion. La informacion producida a partir de este dinamismo, puede ser
usada en otras plataformas y aplicaciones, y ademas resultara vital para la
evolucion de las mismas. Por estas razones, proyectando nuevos escenarios de uso,
proponemos especificar las redes sociales basadas en