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Prefacio

Damos la bienvenida al libro de anales de las 9a Jornadas de Aplicaciones y
Usabilidad de la Television Digital Interactiva - jJAUTI'2020. Esta conferencia es una
organizacion conjunta del grupo Social iTV de la Unidad de Investigacion DigiMedia
de la Universidad de Aveiro y de RedAUTI (Red tematica en Aplicaciones y

Usabilidad de Television Digital Interactiva).

La edicion de este afno (celebrada el 18 de diciembre de 2020) se llevo a cabo,
en el contexto de la pandemia COVID-19, en modalidad online, sin embargo, no dejo
de reunir a investigadores de diversas universidades, concretamente de Europa y
Ameérica, y de la industria para compartir su trabajo de investigacion. Este libro de
anales incluye un conjunto de 27 articulos organizados en 7 sesiones tematicas:
Interacciones en el ecosistema de la television; El audiovisual en escenarios
didacticos; Television interactiva para audiencias sénior; Evaluaciones de usabilidad
y UX; Contenidos y experiencias audiovisuales; Aplicaciones de TV digital e IPTV

interactivas.

La presentacion de articulos cientificos en la conferencia fue seguida de una

interesante y participada discusion mediada por los presidentes de cada sesion.

En un marco de nuevos retos para RedAUTI, los chairs de la conferencia
reconocen la importancia de la realizacion de este evento para el refuerzo de una red
iberoamericana unica de investigadores en el area de la TV Digital e Interactiva.

No podemos dejar de agradecer el compromiso y la dedicacion de todos los
miembros del Comité Cientifico, asi como de todos aquellos que nos ayudaron en la
organizacion de las jornadas.

A todos, un abrazo amistoso,

Jorge Ferraz de Abreu, Maria José Abasolo, Pedro Almeida y Telmo Silva


http://jauti2020.web.ua.pt/
http://socialitv.web.ua.pt/
https://digimedia.web.ua.pt/
https://www.ua.pt/
http://redauti.com/

Foreward

We welcome you to the proceedings book of the 9th Ibero-American
Conference on Usability and Interactive TV Applications - jAUTI'2020. This
conference is a joint organization of the Social iTV group of the DigiMedia Research
Unit of the University of Aveiro and RedAUTI (thematic network on Applications

and Usability of Interactive Digital Television).

This conference edition (carried on December 18th, 2020) took place, within
the framework of the COVID-19 pandemic, in an online modality. Nevertheless, it
brought together researchers from several universities, namely from Europe and
America, and from the industry to share their research work. This book collects a set
of 27 papers organized in 7 thematic sessions: Interactions in the Television
Ecosystem; Video in Learning Scenarios; iTV for the Elderly; Usability and UX
Evaluations; Audiovisual Content and Experiences; Interactive Digital TV and, IPTV

Applications.

The presentation of the scientific papers at the conference was followed by

an interesting and participated discussion mediated by the chairs of each session.
Within a framework of new challenges for RedAUTI, the conference chairs
recognize the importance of holding this event to reinforce a unique lbero-American
network of researchers in the field of Digital and Interactive TV.
We thank the commitment and dedication of all the members of the
Scientific Committee, as well as of those who helped us organizing the conference.

Our warm regards,

Jorge Ferraz de Abreu, Maria José Abasolo, Pedro Almeida and Telmo Silva


http://jauti2020.web.ua.pt/
http://socialitv.web.ua.pt/
https://digimedia.web.ua.pt/
https://digimedia.web.ua.pt/
https://www.ua.pt/
http://redauti.com/

Prefacio

Damos as boas-vindas ao livro de atas da 9% Conferéncia Ibero Americana em
Usabilidade e Aplicagdes de TV Interativa - JAUTI'2020. Esta conferéncia € uma
organizagao conjunta do grupo Social iTV da Unidade de Investigacao DigiMedia da
Universidade de Aveiro e da RedAUTI (Red tematica en Aplicaciones y Usabilidad de

la Television digital Interactiva).

A edicao deste ano (realizada no dia 18 de dezembro de 2020) decorreu, no
guadro da pandemia COVID-19, na modalidade online, ndo deixando, contudo, de
reunir investigadores de varias universidades, nomeadamente da Europa e América,
e da industria para a partilha dos seus trabalhos de investigacao. Este livro de atas
integra um conjunto de 27 artigos organizados por 7 sessdes tematicas: Interagdes
no Ecossistema Televisivo; O audiovisual em cenarios de ensino; Televisao Interativa
para publicos seniores; Avaliagcdes de usabilidade e UX; Conteudo e experiéncias

audiovisuais; TV Digital Interativa e Aplicagdes de IPTV.

A apresentacao dos artigos cientificos na conferéncia foi seguida de uma

interessante e participada discussao mediada pelos chairs de cada sessao.

Num quadro de novos desafios para a RedAUTI, os chairs da conferéncia
reconhecem a importancia da realizagdao deste evento para o refor¢co de uma rede
Ibero americana, impar, de investigadores na area da TV Digital e Interativa.

Nao podemos deixar de agradecer o empenho e a dedicacdo de todos os
elementos da Comissao Cientifica, bem como de todos os que nos ajudaram na
organizagao da conferéncia.

A todos, um abrago amigo,

Jorge Ferraz de Abreu, Maria José Abasolo, Pedro Almeida e Telmo Silva


http://jauti2020.web.ua.pt/
http://socialitv.web.ua.pt/
https://digimedia.web.ua.pt/
https://www.ua.pt/
http://redauti.com/
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Content Integration on Streaming Media Devices:
Assessment of Market Solutions

Bernardo Cardoso [0000—0002—1210—5665], Jorge Abreu [0000-0002-0492-2307]

Digimedia, Department of Communication and Arts, University of Aveiro,
3810-193 Aveiro, Portugal
{bernardoc, jfa}@ua.pt

Abstract. The variety of video content sources is increasing every day, ranging
from linear broadcast TV to multiple providers of video streaming over the inter-
net. However, most of this content is made available to the users in completely
disconnected ways, even when provided in the same device. A short time ago the
research team of the UltraTV project found that users were keen to try more uni-
fied ways to access this type of content. This paper revisits content unification, a
major topic on the UltraTV’s research agenda, by assessing how major contem-
porary commercial video platforms, in this case, the four most popular streaming
media devices (SMD) in North America, addresses the most noteworthy topics
of UltraTV’s content integration concepts: multi-source content discovery, inte-
gration vs multi-app approach, transversal search, embedded player vs deep link-
ing and multi-profile support.

Keywords: Content Integration, UltraTV, Streaming Media Devices.

1 Introduction

In 2016, a consortium of academic research labs and a major IPTV provider in Portugal
embarked on a multi-year project to create a new iTV platform. This project, named
UltraTV [1], focused on fusing linear and non-linear content in a seamless interface.
The project was quite ambitious, targeting several research topics, including a disrup-
tive new User Interface (Ul). However, one of the most interesting aspects was the
decision to merge content from the TV operator (both linear and on-demand) and from
the most relevant over-the-top (OTT) platforms at the time, including Netflix, YouTube
and Facebook Video. This part of the research sought to understand if the users were
happy with the multi-app approach, that started to carry over from the mobile world
into the connected TV world or, if they were receptive to a much more integrated way
to consume their preferred video content. At the time, and with the constraints of a
research project, it was found that a majority of users would prefer an integrated ap-
proach.

This paper aims to revisit the concept of content unification, raised by the UltraTV
project, and compare the most important features of that project with a set of relevant
offerings in today’s market, to understand how the industry aligned with those concepts

December 2020, Universidade de Aveiro, Portugal | ISBN 978-972-789-680-6
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Content Integration on Streaming Media Devices: Assessment of Market Solutions

that have the potential to keep the TV-set as the preferred device to watch audio-visual
content at home [2, 3]. For this assessment, the four most popular streaming media
devices (SMD), excluding SmartTVs, in North America were selected, namely: Roku,
Apple TV, Amazon Fire TV, and Chromecast/Google TV [4]. With a focus on under-
standing how they cater to the different aspects of the content Integration concepts, five
topics were selected for a hands-on analysis:

The general UI concept for content browse and discovery on the platform;

The extent of content integration built into the platform or if it is just app-based;
The support for transversal search with multiple content sources;

The way the content playing is handled, if it just an app launch, a deep linking to
content or if the reproduction happens in an integrated transversal player;

e The approach for multiple profiles at the platform level and how profile switching
inside the apps is handled.

These topics were selected as the ones that appear to have the biggest impact, in terms
of user perception of the content integration and unification concepts researched on the
UltraTV project. They also represent the starting point of an, upcoming, comparative
case study on the content aggregation and unification of video content in contemporary
video platforms.

This paper starts by presenting how the UltraTV project addressed each of these topics,
to better contextualize what was the idea behind each feature. It then proceeds to present
the evaluation of each SMD platform. The paper finish with a brief conclusion on the
way the current trend aligned with the approach proposed on the UltraTV project or, on
the contrary, if the evolution followed a completely different path.

2 Content integration on the UltraTV project

The UltraTV project fully embraced content unification. With that in mind, it was de-
signed from the beginning to mix linear and on-demand content, from traditional TV to
internet-based OTT content. In that way, its approach to browse and discovery puts all
content at the same level, in a Ul that privileged a personalized linear TV selection at
the center, paired to its right with two personalized playlists, one for on-demand tradi-
tional TV content and other for internet content sources. The Ul allowed also a more
traditional navigation style, by having broadcast content organized by genre in the col-
umns to the left and OTT content arranged by provider in the columns to the right (see
Fig. 1).

To make this happen UltraTV was designed to have an integrated player experience,
trying to move away from the app-based experience for content reproduction. In that
context the project used deep linking only for Netflix (for technical reasons) making all
other reproductions directly available inside the UltraTV interface, creating an immer-
sive experience and blending the different content sources in the same UI. This allowed
the system to present cross-origin recommendations directly in the player Ul, and to
collect analytics on the consumption of 3™ party OTT content. This cross-origin con-
cept extended also to the search functionality, that not only indexed the metadata from

B. Cardoso, J. Abreu
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broadcast and Netflix content but also performed video searches in YouTube and Fa-
cebook Video to present a unified search experience.

Actiee prefile
Fiter mpstem Agsregated sesrch
My contenn Seltngs

‘ot e chnge men.

e

Sy Wk B oulube [ £ NETFLIX

O ralde
NETFLIX
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Fig. 1. UltraTV main approach to browse and discovery.

UltraTV approach to multi-profiles was quite advanced for the time, having concepts
like group profiles to better address the communal aspect of watching TV on a big
screen. An innovative feature was the notion of account linking, where it allowed a user
to connect his UltraTV profile to their Netflix, YouTube and Facebook accounts. That
way when a user changes his/her profile, the system automatically redraws itself and
fetches personalized content, not only from the UltraTV recommender but also from
the different OTT providers.

3 Assessment of the four most popular SMDs in North America

Jﬂﬂ.[‘ﬂg, et

NETFLIX it m

PNV

c¢) Fire TV UI d) Google TV UI

Fig. 2. User Interfaces of the four most popular SMDs in North America

December 2020, Universidade de Aveiro, Portugal | ISBN 978-972-789-680-6
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3.1 Roku

The Roku platform started as a project to bring Netflix to the big screen and evolved to
represent the most popular SMD platform in North America, with its multiple models
of inexpensive STBs, streaming sticks and software for connected TVs. In Roku, the
general Ul concept is one of simplicity, with the main menu to the left and a grid of
icons to the right. Since the beginning Roku tried to make things simpler for the big
screen TV user, that is why their apps are called “Channels”. Because of this Roku can
be considered an app-based platform, where different partners and producers create
apps and publish them through a store, called Channel Store.

Although fundamentally app-based, Roku still has a couple of cross-app integration
functionalities. For start it has a “Roku Channel”, an app created by Roku itself, aggre-
gating curated content from different partners, both linear and on-demand, see Fig. 2
a). This makes Roku not only a platform owner but also an OTT operator itself, even
offering a “Roku Channel” app for Android and iOS. Inside this app, the content is
reproduced in a standard player and there is no deep linking, even for content from
partners that have standalone apps like HBO or Showtime.

One of the more unifying features on the Roku platform is its cross-app search. Roku
works with the app creators, so they provide Roku with metadata feeds for the content
available inside their respective apps. If the same content is present in more than one
source, the search interface presents the distinct alternatives for the user to choose.
However, the playing itself, when initiated thru the search function, is then handled in
each of the separated apps thru deep linking and not played in an immersive way like
in the “Roku Channel”.

What Roku lacks is the notion of user profiles. A Roku account is needed for the
initial setup, but changing the account requires a factory reset of the device. The apps
that allow multiple profiles still support them, but on an app-by-app basis, like Netflix
or YouTube, not as a platform profile. Also, there is seldom any personalized content
recommendation on the platform, instead promoted and highlighted content seems to
be all curated.

3.2 Apple TV

Apple TV evolved from being a “hobby” for Apple [5], to be the 2" most popular SMD
platform in North America. With the launch of the 4™ generation in 2015, this small
STB got a Ul redesign paired with a brand new remote, that still today is not consensual.
The main STB UI has a big area on top, called “top shelf”, for promoting content from
the apps that have a privileged spot on the first row. Below there are rows of app icons,
or apps groups, much like in an iPhone or iPad. Besides the “top shelf” that itself is
app-driven, there is no content surfaced on the main Apple TV interface, so this plat-
form is clearly app-based. However, similar to Roku, Apple does have an app to address
this, called just “TV”. Inside this app, that mimics the main Apple TV UL, the user is
able to browse for content provided by Apple itself or made available by partner apps
and platforms, see Fig. 2 b).
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Similar to Roku and Amazon, Apple gets metadata about the content provided by
other apps thru a server-to-server feed integration [6]. The integration extends beyond
just the metadata feeds. Being an app-based platform, most content reproduction hap-
pens in separated partner apps. Yet, those partners share back with Apple information
about assets watched inside the apps. This enables the “TV” app to present an integrated
“Continue Watch” list. However, content produced by Apple itself, under his OTT plat-
form “Apple TV+”, is played directly inside the “TV” app — not via deep linking — and
the same happens for some selected partners.

Both the “Search” app on the platform or the search function inside the “TV” app
indexes the multiple content sources and search movies, shows, cast and crew. Recent
versions of the Apple TV platform do have the notion of multiple user profiles, but in
their current materialization is mostly limited to the Apple ecosystem. For instance,
when the user changes profiles, the set of installed apps changes automatically on the
main UL Inside the “TV” app, the “Continue Watch” rail and the curated sections also
reflect the usage made by the different profiles. However, there is no linking between
the Apple TV profile and the profiles inside other apps, e.g., changing from profile A
to profile B on the Apple TV UI will have no impact on the selected profile inside
Netflix app.

3.3 Amazon Fire TV

Amazon Fire TV is a diversified line of SMDs made by Amazon. They are little pow-
erful devices a bit more expensive than Roku. The general UI concept in Fire TV is
different from Roku, the main menu is on top instead of on the left. Below, there is a
big area reserved to promoted content, see Fig. 2 ¢). When this area is selected, a trailer
or a promotional video automatically starts playing, taking most of the UI apart to create
space.

Since the underlying software of Fire TV is based on Android, its main structure has
an app approach. The system gets a lot of Amazon apps pre-installed, side by side to
the usual Netflix and YouTube apps. Throughout the platform, it is easy to see that
Amazon content and products have a very prominent position, and this is leveraged a
lot, mostly by pushing Amazon Prime Video content up and center. For instance, the
search function in Fire TV, much like on Roku, uses partner metadata feeds to locate
content inside the different apps, and to present alternative ways to watch content, either
by renting or buying, mostly from Amazon itself. Again, similar to Roku, these
metadata feeds allow Fire TV to index movies and series from apps not yet installed
and to promote their installation on-the-fly.

Where the search function stands out is on the relations established between the dif-
ferent content. Using very detailed data from IMDb, another Amazon property, the sys-
tem cross references actors and directors to create links between the different movies
and series.

Similar to the “Roku Channel”, on Fire TV, Amazon provides an IMDb TV app,
where the user can watch free, ad-based, content [7]. This content is reproduced in an
integrated player, and assets not watched to the end are surfaced to a special “Recent”
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rail, on the main Fire TV UI, that works as a transversal “Continue Watch” functional-
ity. The same happens with Prime Video content. However, this does not extend to
other apps like Netflix, in that case just the app icon appears on the “Recent” rail, not
the content itself. Finally, the platform itself has no notion of multiple profiles, even
Prime Video app only got user profiles recently [8], so there is no account linking, each
application manages its own profiles.

3.4  Chromecast and Google TV

Google has the 4" most popular SMD platform in North America. However, this could
be a little misleading because most of these devices are Chromecast devices, little don-
gles, sold directly by Google, that allow only to receive content and don’t even have a
remote control, making comparisons difficult. Content browse and discovery must be
conducted on a PC or mobile device and then sent to be played on the Chromecast
device (by “casting” it). Parallelly, Google also develops an Android-based TV soft-
ware platform, aptly named Android TV, that is used by some hardware partners to
create SMDs (NVidia Shield or Xiaomi Mi Box) and SmartTVs (Sony or Hisense).
This hardware and software pairing create a full-featured platform, mostly app-based,
that is purchased directly by end-users but also used by IPTV operators as a basis to
their offerings.

Recently, Google launched a new product called Chromecast with Google TV [9],
that is really Android TV, with a new interface, running in a small dongle, but this time
with a remote control. This is Google attempt to compete in the same market of the
other 3 platforms with a similar offering, and with a strong emphasis on content.

The main UI concept on Google is similar to Amazon Fire TV, with a top main
menu, a big slideshow area for promotional content and rows of items, see Fig. 2 d). In
this case, Google TV has a first row with personalized recommendations, followed by
a row of user apps and then several rows of content arranged by categories or themes
making content a first-class citizen, relegating apps to a secondary position. It also
makes personalization a main feature, by having an automatically generated “For you”
tab in the default landing page. There are other tabs like “Movies” and “Shows” and a
“Library” tab where the user can find a “Watchlist” function, but no transversal “Con-
tinue Watch” list. Since most of the content is aggregated from partners, Google TV,
like the other platform relies on indexing metadata feeds provided to Google by partners
to create a transversal search. This search feature is not much different from the other
platform, and can search not only for titles, cast & crew, etc. but is also able to search
for concepts like “drama movies” or “comedy shows”. Since YouTube belongs to
Google, the search function also searches inside the huge YouTube catalogue, some-
thing that the other platforms are unable to do.

Boasting mostly aggregated content, the playing is handled thru deep linking to the
different apps, with only trailers or content purchased directly from Google reproduced
in an integrated player. Still, even with all the push for personalization and the possible
deeper integration with YouTube, there is no profile support yet on Google TV [10].
The personalization only applies to a single master account and there is no linking be-
tween this account and the profiles used inside the YouTube or Netflix apps.
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3.5 Comparison table

To help on the comparison between the 5 evaluated platforms and the 5 selected
research topics, Table 1 summarizes their different approaches. In this systematization
it can be seen that the platforms have a strong alignment in the way that they address
content unification, being UltraTV the most contrasting one. The concept of user pro-
files is the one where there is the main variation between all the platforms and where
biggest future improvements were expected [8, 10].

Content Cross Content pla
browse and Apps . play User Profiles
. search ing
discovery
. . Multiple profiles
UltraTV Contentrich | App sup- Yes Predom} nantly and account link-
Ul ported immersive .
ing
The Roku Predominantly
Roku Channel App-based Yes deep linking No profiles
. Multiple profiles
Pred tl
Apple TV | “TV” App App-based Yes dfr:Zpolll’?lfi?lI; Y only on Apple
ecosystem
IMDb TV/ Predominantly
Fire TV . . App-based Y s N fil
tre Prime Video pp-base e deep linking O protties
Google Content rich Predominantly .
App-based Y o Singl. fil
TV Ul pp-base e deep linking 1g’e protiie

Table 1. Comparison between UltraTV and the four SMDs

4 Conclusion

Content integration and unification features are starting to gain traction on the four
evaluated platforms. For instance, transversal search functions are currently universally
available thru the use of metadata feeds from different partners. However, those plat-
forms are mostly app-based, and the additional integration and unification are being
promoted thru the creation of special apps like “Roku Channel”, IMDb TV app & Prime
Video app, “TV” app & Apple TV+ and the new Google TV app. With this strategy,
the big players are making those apps silos of deeper integration and personalization,
more than promoting these features to the platform as a whole. For instance, these apps
promote an integrated play experience where the platforms mostly push for deep link-
ing solutions. On additional personalization features, Fire TV has a “Recent” rail which
presents previously watched content and apps. Apple “TV” app goes even further by
featuring a transversal “Continue Watching” feature with data shared from multiple
partners. Google TV has a personalized “For You” area that brings recommendations
and personalization to the main Ul. Nonetheless, UltraTV although conceived more
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than three years ago, still had a set of personalization features not broadly available in
the market. One of the most notorious was the profile linking, that allowed the platform
to automatically expose on the main Ul the profiles built into the different partner apps.
This made personalization not only a feature of the different apps but also a function-
ality of the platform itself and made profile changing much easier for the user. Yet,
taking into account the progress being made in the contemporary SMDs that will be a
deeply welcomed function to foster the TV-set as the primary device to watch audio-
visual content at home. To consolidate this comparative analysis, a next paper with
more details on each reported SMD and a benchmark, highlighting the features of these
SMD versus the ones of the UltraTV approach, is being prepared already.
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Abstract. Este artigo propde o uso de interface cérebro maquina (ICM) para o
aprimoramento das recomendagdes de conteudo em sistemas de dudio e video
sob demanda. Revisdes da literatura tém demonstrado falhas na alimentagao dos
algoritmos utilizados atualmente, resultando em problemas na eficécia e eficién-
cia das recomendagdes. A partir do método do Design Science Research, des-
creve-se a arquitetura do sistema baseada no uso de uma touca de eletroencefa-
lograma (EEG) para leitura das ondas neurais dos individuos, visando gerar in-
formacdes para melhorar os algoritmos de recomendagdo. Dessa forma, espera-
se recomendagdes mais acuradas e eficazes.

Keywords: Recomendagao de Conteudos, Interfaces Cérebro Maquina, Siste-
mas Sob Demanda, Interagdo Humano Computador.

1 Introducao

A recomendagdo de contetdos feita por algoritmos computacionais atingiu um patamar
de alta relevancia no contexto da frui¢do audiovisual (este projeto utiliza o termo frui-
¢do para designar toda relagdo com obras audiovisuais, incluindo o contato com o titulo,
a pesquisa e escolha por assistir, interagdes, avalia¢cdes, compartilhamento e engaja-
mento que possa surgir). Sistemas sob demanda baseiam a interagdo na recomendagdo
de filmes, séries, documentarios, musicas, jogos. A forma como se da a recomendagdo
varia entre os diferentes servigos. Enquanto alguns sugerem os proximos filmes e séries
e deixam uma certa escolha para os assinantes, outros reproduzem continuamente os
videos até o individuo parar ou pausar a reproducao, assemelhando uma grade de pro-
gramagao.

Essa recomendacao, apesar de util, ndo ¢é precisa e ndo atende plenamente ao gosto
dos espectadores. E comum a sugestdo de obras que acabam decepcionado; outras, que
ndo sdo recomendadas pelos sistemas, agradam aos individuos. Isso se deve, entre ou-
tros fatores, pela percepcdo subjetiva que a qualidade das obras tem nos individuos,
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tanto na decisdo pela visualizagdo ou ndo, quanto na avaliagdo depois de assistir a obra
[1,27].

Representar essa subjetividade nos algoritmos de recomendagao ainda é um desafio
para a teoria da computagdo. A inteligéncia artificial, que gera a recomendac@o, ¢ ba-
seada em trés fontes de dados: histdrico de visualizagdes do individuo, avaliagdes do
individuo e gostos de outras pessoas com perfil semelhante. Essas fontes geram dados
em grande quantidade e robustos para os algoritmos, mas ainda carecem de maior pre-
cisdo, principalmente considerando que, a subjetividade humana sobre gostar ou ndo
de uma obra muitas vezes ndo ¢ um processo totalmente consciente [2,3,4].

Uma forma de abordar essa subjetividade ¢ analisar como o cérebro dos individuos
reage e se comporta durante a frui¢do audiovisual. E notdrio, nas ciéncias cognitivas,
que o cérebro apresenta padrdes neurais para cada estado psicologico, que podem ser
mapeados, medidos e interpretados [5]. Um modo de fazer essa andlise ¢ através do
eletroencefalograma (EEG), que analisa a atividade elétrica cerebral espontinea, cap-
tada através da utilizacdo de eletrodos colocados sobre o couro cabeludo do individuo.
Trata-se de uma técnica que detecta padrdes e possiveis anormalidades nas ondas cere-
brais [6].

Na area da Interagdo Humano Computador, o EEG foi incorporado como uma inter-
face cérebro maquina (ICM) para entrada de dados para sistemas computacionais [7],
tornando possivel ler ondas neurais e transforma-las em dados manipuldveis. Dessa
forma, ¢ possivel gerar interagdes sem o uso de artefatos, ou mediadores fisicos, como
teclados, mouses ou controles remotos, no caso do presente projeto. Essa técnica € cha-
mada da Interacdo Cérebro Computador (ICC) [8].

Este artigo descreve os principais conceitos e apresenta uma arquitetura de uso de
ICM, baseada em EEG, para leitura das ondas neurais, com posterior processamento,
armazenamento, recuperacao e uso na recomendag@o de obras sonoras e filmicas. Para
tanto, utilizado o método do Design Science Research (DSR), considerado como sendo
amelhor abordagem para a criagdo de artefatos [9]. O artigo esta estruturado da seguinte
forma: na proxima se¢do discute-se a recomendagdo de conteidos, com as limitagdes
pertinentes; a se¢do trés descreve a ICC e a ICM; ja a secdo quatro discute a arquitetura
do sistema; finalmente, a se¢do cinco traz as consideracdes finais.

2 Sistemas de Recomendacio

Sistemas de Recomendagao sdo basicamente ferramentas de softwares que apresentam
aos seus usuarios sugestdes de itens de forma a auxiliar esses usuarios no processo de
tomada de decisdo [10]. [11] classificam os sistemas de recomendacdo em trés tipos:
ndo personalizados, baseados em contetdo, algoritmos de filtragem colaborativa. A
partir dessas abordagens podemos alcangar o modelo hibrido o qual ¢ derivado da com-
binagdo entre os tipos anteriores.

Para a recomendag@o por filtragem colaborativa, usudrios devem julgar o quanto
gostaram do conteudo consumido, ou seja, € preciso uma comunidade de usuarios que
irdo avaliar itens explicitamente. A partir dessa avaliagdo é possivel recomendar — ou
ndo — outro contetido para aquele individuo. Como descrito por [12], os sistemas vao
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aprendendo sobre os interesses de acordo com as classificagdes entregues e tragam o
perfil dos seus usuarios reunindo-os em grupos de similaridade de gostos, partindo do
principio que as pessoas que concordaram no passado tendem a permanecer concor-
dando no futuro. Requerendo grandes datasets para que entreguem recomendagdes re-
levantes, algoritmos baseados em filtragem colaborativa se tornam computacional-
mente caros de escalar ao passo que a quantidade de itens e usuarios cresce dentro de
um sistema. Também existe o risco de os itens menos populares serem isolados dentro
do sistema, visto que apenas os itens mais populares serdo recomendados [13].

No modelo de recomendacdes baseadas em contetido, as descrigdes e fags sdo a
chave para a oferta de produtos aos clientes. Sistemas que utilizam essa abordagem
sugerem itens similares aos que o usuario avaliou positivamente no passado. Assim,
parte-se do principio de que as pessoas tendem a demonstrar interesse por itens simila-
res aqueles que gostaram no passado [14] A recomendagdo ¢ feita com base em sinop-
ses, categorias, géneros etc. do produto que foi consumido. A sugestao do proximo item
tera a mesma relagdo com o item anterior, tornando o consumo repetitivo e sem diver-
sidade. Contudo, essa abordagem ¢ muito sensivel a mudancas de interesses dos usua-
rios. Como normalmente o feedback do usuario ndo é contabilizado, o sistema nao con-
segue determinar a acuracia da recomendagdo, fazendo com que qualquer outro produto
consumido que tenha atributos diferentes seja reconhecido como uma brusca mudanga
de interesse [13].

Sistemas de recomendagao hibridos mesclam as aplicagdes de filtragem colaborativa
e abordagem baseada em contetido e podem ser desenvolvidas de acordo com o propo-
sito do sistema. Um exemplo de estratégia ¢ a implementagdo ponderada que consiste
no desenvolvimento independente de cada abordagem. A recomendagdo ¢ calculada a
partir dos resultados de todas as técnicas de recomendacdo presentes no sistema. Por
exemplo, uma simples combinagdo linear de pontuacdes de recomendagdes entre os
resultados [15]. Um dos problemas que pode ser reduzido mediante abordagem hibrida
€ o cold start, dbice da filtragem colaborativa que pode ser minimizado pela compara-
¢do de itens ndo avaliados com outros similares que foram avaliados, usando para isto
técnicas que sdo aplicadas em sistemas que utilizam a abordagem baseada em conteudo
[14]. Este algoritmo ¢ complexo e demanda alto poder computacional, ndo sendo reco-
mendado para sistemas com niimero reduzido de op¢des de recomendacdo [16].

3 Interfaces cérebro-maquina

O uso de interfaces cérebro-maquina como ferramenta de coleta de informagodes sobre
0 usuario se mostra promissor para o desenvolvimento de sistemas de recomendagdo
de conteudo audiovisual em plataformas digitais, tendo o potencial de aumentar consi-
deravelmente sua eficacia comparado com os métodos atuais, por meio da alimentagdo
de um banco de dados contendo informagdes obtidas pelo uso de EEG, baseadas no
reconhecimento da emog¢do do usuario ao assistir cenas de filmes.

Sistemas de ICM sao capazes de detectar modificagdes nos padrdes de ativagao do
cérebro, traduzindo em agdes especificas [17]. Para ser possivel a utilizagdo de Interfa-
ces Cérebro Maquina, se faz necessario um mecanismo de extracao das informagdes
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desejadas do cérebro, estas podendo ser invasivas (que exigem um procedimento cirur-
gico) ou ndo-invasivas.

Um dos métodos mais proeminentes para o desenvolvimento de ICM ¢ o EEG, por
ser um meio ndo-invasivo, ter uma boa resolug@o temporal, ter maior mobilidade e por-
tabilidade, ser mais acessivel comercialmente, ter melhor usabilidade e medir a ativi-
dade cerebral diretamente [18]. Comparado com os outros métodos, se mostra mais
indicado para o monitoramento de estimulos audiovisuais, devido a uma necessidade
de analisar mudangas de dados conforme o tempo [19].

A eletroencefalografia (EEG) captura a atividade elétrica do cérebro por meio de
eletrodos dispostos sobre pontos especificos do crinio do usuario, de acordo com o
sistema 10/20, um padrdo internacionalmente seguido para o posicionamento dos ele-
trodos no epicranio. Ele aponta para as partes do cortex onde se torna possivel o registro
das ondas cerebrais. Esse método apresenta uma boa resolugdo temporal, possibilitando
a captura de informagdes em tempo real, mas com baixa resolugdo espacial. O uso de
ICM baseado em EEG conseguiu ter um poder de previsdo sobre sucessos de bilheteria
23 vezes maior que métodos tradicionais [20].

Nem toda informagado extraida do cérebro pelo uso de EEG ¢ relevante para os fins
desejados. Se faz necessario a selegdo das informagdes desejadas e o tratamento dos
ruidos, assim como o processamento dos dados obtidos. Segundo [21], ondas da linha
média-frontal beta sdo relacionadas as preferéncias individuais. Quanto maior a ampli-
tude de oscilagdo na frequéncia de onda beta, observado por meio do EEG, durante a
visualizagdo de um trailer de filme, maior a nota atribuida pelos participantes da pes-
quisa a filmes relacionados aos filmes que foram assistidos os trailers. Segundo [22], a
dessincronizagdo das ondas alpha do lado frontal-esquerdo do cérebro estd positiva-
mente relacionado ao nivel de prazer e satisfagdo percebido ao assistir comerciais. Um
aumento na poténcia das ondas theta na linha média-frontal ¢ associada a sentimentos
de prazer [23].

4 Arquitetura inicial do sistema de recomendacio baseado em
ICM

Nesta secdo descrevemos uma proposta inicial de arquitetura do sistema (Fig. 1). As
fases sdo as seguintes:

1.0 - Aquisicdo e tratamento dos dados usando ICM;

1.1 - Captura e aquisi¢do do sinal - A aquisi¢do do sinal sera feita por meio de um
dispositivo de EEG de prateleira. Os eletrodos registram, amplificam e enviam os sinais
para um computador;

1.1.1 - Elicitagdo das emogdes - Para a captura das emogdes pelo EEG, uma série de
clipes de filmes serdo apresentados aos individuos, em laboratorio;

1.1.2 - Normalizagdo dos dados - Nesta fase, os intervalos de cada caracteristica
analisada serdo normalizados para que sejam iguais, possibilitando a padronizagdo dos
parametros entre diferentes individuos;
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1.2 - Pré-Processamento - O pré-processamento dos sinais de EEG limpa e amplifica
o resultado obtido. Este processo deve ser feito com cuidado para ndo se eliminar partes
relevantes que possam contribuir para a detecgdo das emogdes;

1.3 - Extracao das caracteristicas - Depois que os sinais de EEG estdo livres de rui-
dos, eles sao classificados para posterior interpretacdo. dependendo da emogao, os si-
nais sdo computados nos dominios de tempo, frequéncia, tempo-frequéncia, fase ou
espago;

1.4 - Selegdo das caracteristicas - triagem dos dados para obtencdo das propriedades
mais relevantes. A seleg@o das caracteristicas reduz o nimero de inputs no algoritmo
de classificagao;

1.5 - Algoritmos de classificagdo - Para a classificacdo dos resultados do EEG sao
utilizados algoritmos de aprendizado de maquina;

1.6 - Avaliagdo de performance - Etapa fundamental para verificar a acuracia dos
algoritmos utilizados na classificagdo das emogdes, podendo ser usada como compara-
tivos para testes e validagdo futuros.

1.0

EEG
1.2 1.3

1.1
PRE
CAPTURADOSINAL ) —> ( pROGESSAMENTO ) —> EXTRACAO ~
14
¥
G y

e
1

=
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20 \d 3.0 40
SISTEMAS DE RECOMENDA(}I_\O
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RECOMENDAGAOQ AO INDIVIDUO

Fig. 1. Arquitetura inicial do sistema.

2 - Banco de Dados - Os resultados obtidos a partir do processo descrito anterior-
mente serdo dispostos em um banco de dados SQL, para uso no sistema de recomenda-
¢ao.

3 - Sistema de Recomendagdo - Os filtros do sistema de recomendacdo irdo relacio-
nar os dados contidos no banco de dados de forma a gerar uma lista de filmes recomen-
dados baseada nas emogdes dos individuos;

4 - Recomendag@o - Por fim, o usuario de plataforma de video sob demanda recebe
recomendagdes mais precisas e personalizadas, aumentando a satisfagdo subjetiva com
0 servigo prestado.
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de conteudos em sistemas de audio e video sob demanda

5 Conclusao

Este artigo propds o uso de leitores de EEG para apurar as recomendagdes de conteudo
em sistemas de audio e video sob demanda. Foi descrita uma arquitetura inicial de ICM
para analisar como o cérebro dos individuos reage e se comporta durante a frui¢ao au-
diovisual, gerando dados que irfo abastecer novas recomendagoes.

Trata-se de uma pesquisa em andamento. Como atividades futuras estdo previstas a
defini¢do dos algoritmos mais adequados ao projeto, a realizagdo de pesquisas com
usuarios visando avaliar os sistemas de recomendagao dos principais servigos de strea-
ming, para entdo definir os requisitos do sistema, implementa-lo e testa-lo. Inicialmente
estd previsto o uso de bases publicas, disponiveis para o reconhecimento de emogdes,
tais como a MAHNOB-HCI [24], a DREAMER [25] e o framework EmotionMeter
[26]. Essas bases serdo usadas para a classificacdo de informagdes coletadas por meio
do EEG ao assistir clipes de filmes e videos, apontando assim dados sobre as preferén-
cias do usudrio, que irdo compor parte de um banco de dados para gerar recomendagdes
para usuarios de plataformas de video e dudio sob demanda. Dessa forma, acredita-se
que a presente pesquisa tenha potencial para agregar valor ndo so as plataformas de
audios e video sob demanda, mas também para sistemas de recomendagdo de forma
ampla.
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Resumo. A evolugdo tecnoldgica tem vindo a originar novos paradigmas de in-
teracdo entre o ser humano e os artefactos tecnolégicos disponiveis. A televisdo
(TV), € um claro exemplo desta transformagdo, um meio que primordialmente
era de utilizagdo passiva, transformou-se num meio altamente interativo que per-
mite, para além da tipica visualiza¢do de contetidos, 0 acesso a outros servicos e
aplicacdes. Concomitantemente, também os assistentes pessoais (APs) se tém de-
senvolvido, permitindo, atualmente, um tipo de intera¢ao seamless, adotando nal-
guns casos comportamentos proativos que, tendo em conta as caracteristicas do
utilizador, anteveem agdes que lhes sdo tteis. Estes desenvolvimentos abrem uma
janela de oportunidade para a conceptualizacio e desenvolvimento de APs proa-
tivos que se sirvam da TV para prestar auxilio ao utilizador, contudo, importa
compreender se tal solugdo serd ttil e frequentemente utilizada pelos utilizadores.
Neste sentido, procedeu-se a elaboracdo e divulgagdo de um questiondrio online
que permitisse averiguar se os habitos quotidianos dos utilizadores justificam ou
ndo a implementacdo de uma solucdo deste tipo, pelo que se concluiu que esta
seria de facto util, porém, para um segmento bastante especifico.

Palavras Chave: Assistente Pessoal, Proatividade e Ecossistema Televisivo.

1 Introducao

A televisdo (TV), apesar de se tratar de um artefacto tecnolégico que possui largos
anos de existéncia, viu a sua importancia e o seu papel sofrer grandes mudancas, desde
o seu aparecimento em 1900, quando os primeiros sistemas de TV enviavam imagens
para outros dispositivos com recurso a ondas de radio [5], até aos dias de hoje. A par
disto, também, a sociedade se foi alterando. A TV passa de um meio de comunicacio
de utiliza¢do passiva, em que nao era necessario nem desejado um grande nivel de in-
terac@o para se ter acesso a contetidos informativos ou de entretenimento [7], para um
meio onde se espera um grande nivel de interatividade, algo que deriva certamente do
aumento da oferta de contetidos desde o linear, até ao catch-up TV e ao video on demand
(VoD) [1, 3]. Este aumento de oferta fez com que a TV comecasse também a possibi-
litar o didlogo entre o telespectador e os produtores de um canal, programa ou servigo
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de TV, permitindo que o mesmo pudesse escolher os conteidos que queria visualizar
[2], algo ao qual o telespectador se acabou por afeigoar.

Adicionalmente, varidveis como o poder de transformacao através da transmissao de
conhecimento as massas [6], a possibilidade de ligagdo a Internet [8] e, consequente-
mente, a oferta e acesso a uma gama variada de aplicacdes através da TV [9], elevam
as potencialidades do que é a TV interativa hoje em dia.

Segundo [4] é inegdvel que os artefactos tecnoldgicos se t€ém tornado dados adquiri-
dos, pois, a rdpida evolugdo da tecnologia tem permitido a integracdo destes artefactos
na realizacao de tarefas didrias que, deste modo, se tornam menos dificeis e demoradas
para o ser humano. Indo mais além, os assistentes pessoais (APs) como a Siri ou a
Alexa, auxiliam o ser humano através da interpretacio de linguagem natural, interpre-
tando, por exemplo, intera¢des por voz [10], assumindo assim o papel de um mediador
eficiente que facilita a interacio do Homem com o meio que o rodeia.

Da mesma forma que a TV beneficiou da evolucdo da tecnologia, para a sua criacio
e proliferacdo, também os APs tém beneficiado desta evolucgdo nas dreas da Inteligéncia
Artificial (IA) e do Machine Learning (ML), o que confere aos APs, um poder de atu-
acdo cada vez mais proativo e adequado as necessidades dos seus utilizadores [4].

Tanto a TV como os APs possuem grandes potencialidades e acreditamos que as
solucdes de assisténcia pessoal desenvolvidas para a TV poderdo ser de grande utilidade
para os utilizadores, todavia, importa compreender se 0os mesmos partilham desta visao.

Neste sentido, conceptualizou-se um AP proativo para a TV, cuja fungdo principal
era auxiliar o utilizador quanto a gestdo da sua agenda pessoal e procedeu-se ainda a
elaboracio e distribuicdo de um inquérito que, focando-se nos habitos quotidianos dos
inquiridos, permitiu retirar ilagdes acerca do nivel de utilidade que os utilizadores atri-
buirdo a uma solugdo deste tipo e para compreender se a utiliza¢do assidua deste género
de servigos serd facilmente incutida no quotidiano dos utilizadores.

Assim, no segundo capitulo do presente artigo, que resulta de uma investigagao le-
vada a cabo no ambito de uma disserta¢do de mestrado do curso em Comunicagdo Mul-
timédia da Universidade de Aveiro (intitulada de Assistente Pessoal Proativo Para o
Contexto do Ecossistema Televisivo), encontra-se descrita a estratégia de elaboracio e
divulgacdo do inquérito, no terceiro capitulo € feita a apresentacdo dos resultados e no
quarto capitulo sio apresentadas algumas conclusdes.

2 Metodologia

Tanto a TV como os APs possuem grandes potencialidades que a nosso entender
serdo fomentadas pela criacdo de solugdes que as conjuguem. No presente artigo pro-
cedeu-se a elaboragdo de um questiondrio e consequente divulgacdo do mesmo por um
largo nimero de pessoas, de modo a que fosse possivel averiguar a hip6tese em andlise.
Esta pressupde que um AP que informe proativamente o utilizador, através da TV,
acerca do estado do transito, acerca das previsdes meteoroldgicas e acerca dos compro-
missos presentes na agenda do utilizador, pode ajudar na tarefa de auxiliar pessoas com
agendas pessoais ocupadas e que utilizem regularmente a TV, ao ponto de ser utilizado
diariamente pelos utilizadores.
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2.1 Objetivos

Compreendeu-se que o questiondrio a elaborar deveria focar-se em trés dominios
principais: (1) consumo de TV; (2) necessidades de mobilidade; e (3) habitos de orga-
nizagdo da agenda pessoal. O primeiro justifica-se pela necessidade de averiguar se
existe uma utilizag@o regular e generalizada da TV que justifique a implementacédo de
um AP neste meio, o segundo é importante para compreender como se podem antecipar
imprevistos relacionados com deslocagdes, que poderdo pdr em causa a agenda do uti-
lizador e o terceiro para compreender até que ponto as pessoas recorrem a meios digitais
para gerirem as suas agendas e se estranhar@o o tipo de auxilio prestado pelo AP. Além
disto, as questdes finais serviram para averiguar se as funcionalidades idealizadas para
este tipo de servico eram ou ndo pertinentes para o dia-a-dia dos inquiridos.

Os critérios acima referidos deram origem a um inquérito composto por um total de
31 perguntas (essencialmente de resposta fechada), organizadas por 5 grupos diferen-
tes. O primeiro grupo tinha como objetivo a caracterizag¢do dos inquiridos em termos
demogriéficos (idade e sexo) e em termos da sua ocupagdo profissional. O segundo
grupo de questdes focou-se nos habitos de consumo de TV dos inquiridos, sendo feitas
algumas questdes com o objetivo de compreender se 0s mesmos possuiam alguma TV
em suas casas, para compreender qual o niimero de horas didrias de consumo de TV,
quais as fases do dia em que é feito esse consumo e qual a quantidade de pessoas que
possuiam solugdes smart TV (STV) em suas casas. O terceiro grupo procurou abordar
questdes relacionadas com as necessidades de mobilidade dos inquiridos e era com-
posto por questdes acerca da regularidade com que os utilizadores realizavam tipos de
trajetos especificos, como casa-trabalho, acerca da forma como se deslocavam regular-
mente (carro, transportes piblicos, bicicleta, a pé ou outro) e ainda, acerca da utilizagio
de sistemas GPS. O quarto grupo focou-se no modo como os inquiridos organizavam
a agenda pessoal, sendo feitas questdes acerca da regularidade com que os mesmos
agendavam compromissos, acerca dos meios que utilizavam para organizar as suas
agendas (meios digitais ou ndo), para perceber se os inquiridos j4 tinham ou nao utili-
zado APs para organizarem as suas agendas pessoas e, se sim, de que modo. No quinto
grupo (ultimo), pediu-se aos inquiridos para imaginarem um cendrio ficticio em que
poderiam utilizar um AP através da TV e cujas funcionalidades eram essencialmente
alertas despoletados de forma proativa acerca das previsdes meteoroldgicas, de com-
promissos agendados na agenda eletrénica pessoal do utilizador e ainda, acerca de im-
previstos (ex: engarrafamentos ou acidentes) ocorridos nos percursos realizados habi-
tualmente pelo utilizador (ex: percurso casa-trabalho). Neste sentido, os inquiridos fo-
ram questionados acerca do interesse que tinham relativamente a essas funcionalidades,
para que se pudesse averiguar até que ponto as mesmas seriam consideradas tteis.

2.2 Angariacio de Participantes

Quanto a angariacio de participantes, considerou-se que um AP proativo presente
no ecossistema televisivo, cujas funcionalidades principais sdo auxiliar o utilizador na
gestdo da agenda pessoal através do despoletar de comportamentos proativos, ¢é util
para um tipo de pessoas que: (1) possua uma agenda pessoal bastante ocupada; (2) que
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necessitem de se deslocar constantemente para os seus compromissos; € que (3) utili-
zem regularmente a TV. Assim, era pertinente que o perfil das pessoas inquiridas fosse
ao encontro dos critérios acima referidos, sob pena de nao se alcangcarem resultados
relevantes. Deste modo, a delimitagdo de uma boa estratégia de divulgacdo do questio-
ndrio foi algo fundamental.

3 Apresentacao dos Resultados

Os dados obtidos comegaram por revelar que o questiondrio foi respondido por uma
amostra composta por um total de 118 elementos, dos quais 45,76% eram do sexo mas-
culino (54 individuos), 54,24% do sexo feminino (64 individuos) e cujo intervalo de
idades varia entre os 13 e os 56 anos de idade (x = 30,25; ¥ = 27).

Em termos de ocupagdo, os elementos da amostra eram maioritariamente pessoas
ativas, pois, 63,56% declarou estar empregado, 16,10% referiu ser estudantes a tempo
inteiro e 5,93% referiu ser trabalhador estudante, o que leva a crer que a maioria das
pessoas possuiam agendas pessoais bastante ocupadas.

Relativamente aos habitos de consumo de TV dos inquiridos, os dados revelam que
a existéncia da TV € uma realidade no ambiente familiar, pois, 94,07% das pessoas
(111 individuos) admitiram possuir pelo menos uma TV em suas casas. Verificou-se
ainda que, dessas pessoas, 35,14% vé TV por um periodo de tempo que, em média, é
igual ou superior a 3 horas por dia, sendo que esta utilizacdo € feita essencialmente a
noite, por 77,12% do total da amostra e a hora de jantar, por 48,31% dos individuos.
Verificou-se que a hora de almoco e de manha, a TV € apenas utilizada por 28,81% e
7,63% da amostra, respetivamente.

Quando interrogados acerca do facto de possuirem ou ndo solu¢des STV em suas
casas, 68,47% dos individuos que possuem TV em suas casas (111) responderam afir-
mativamente.

Procurando abordar as necessidades de mobilidade dos respondentes, os mesmos
foram inicialmente questionados acerca dos meios de transporte que utilizam diaria-
mente para se deslocarem, o que acabou por revelar que o meio mais utilizado € o au-
tomével, utilizado por 75,42% das pessoas, seguido das deslocacdes feitas a pé, feitas
por 40,68% das pessoas. Relativamente ao teor e frequéncia das deslocagdes, 55,08%
das pessoas revelou que possui a necessidade de se deslocar 5 ou mais vezes por semana
para o trabalho. Além disso, constatou-se que as deslocagdes para atividades de lazer,
para ter acesso a bens e servigos e para visitar familiares representam uma parte impor-
tante do total de deslocacdes feitas semanalmente pelos individuos. Averiguou-se ainda
que, parte dessas deslocagdes sdo feitas com o auxilio de sistemas GPS e/ou APs, pois
89,83% das pessoas referiu ja ter utilizado este tipo de sistemas.

Relativamente a organizacao da agenda pessoal, 65,25% da amostra (77 indivi-
duos) referiu que recorre a algum meio para organizar a agenda pessoal e, desses 77
individuos, 88,31% (68 individuos) referiram que utilizam meios digitais para o fazer,
sendo que os dispositivos mais utilizados neste sentido sdo o smartphone e o computa-
dor portitil e a plataforma mais utilizada € o Google Calendar. Considerando que
31,36% da amostra referiu agendar 3 ou mais compromissos por semana é possivel
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afirmar que a grande maioria dos elementos da amostra recorre regularmente a meios
digitais para organizar a agenda pessoal.

Na pergunta “Recorre ou ja recorreu a algum servigo de assisténcia pessoal por voz
para organizar a sua agenda eletronica pessoal?”, colocada aos 68 individuos que ad-
mitiram utilizar meios digitais para organizarem as suas agendas pessoais, 14 pessoas
(20,59%) responderam que ja recorreram a APs para gerir as suas agendas (essencial-
mente os assistentes Siri e Google Assistant), para, na sua maioria, desempenharem
tarefas como agendar compromissos, criar lembretes e verificar compromissos agenda-
dos para um determinado dia e 54 pessoas (79,41%) admitiram nunca o ter feito. Apesar
destes dados serem pouco expressivos, hd que ter em conta que a utilizagdo dos APs é
algo bastante recente, pelo que, a percentagem de pessoas que utilizam ou j4 utilizaram
este tipo de software em busca de auxilio na gestdo da agenda pessoal acaba por ndo
ser assim tao baixa. Neste seguimento, apurou-se ainda que na opinido da amostra: (1)
a possibilidade da interagdo com os APs através de comandos de voz; (2) a capacidade
de adaptagdo dos APs as especificidades de cada utilizador; e (3) a possibilidade dos
APs criarem alertas para os compromissos do utilizador de forma proativa, sdo os fato-
res principais que poderdo contribuir para a forte utilizagdo dos APs enquanto ferra-
mentas de auxilio na gestdo da agenda pessoal.

Relativamente as ultimas questdes, as mesmas focaram-se no tema das previsdes
meteoroldgicas e no facto das mesmas poderem ter ou ndo influéncia na agenda pessoal
dos elementos da amostra, de modo a que fosse possivel compreender se a integracio
de comportamentos proativos que resultassem das previsdes meteoroldgicas seria algo
util ou ndo para os utilizadores. Assim, a pergunta “Costuma consultar com regulari-
dade as previsdes meteorologicas?”, 79,66% da amostra respondeu que sim e 20,34%
respondeu que ndo. A questio “Costuma adequar as suas atividades diarias/comporta-
mentos as previsdes meteorologicas?”, 70,34% das pessoas referiu que sim e apenas
29,66% referiu que néo.

Relativamente as funcionalidades idealizadas para o AP conceptualizado, a mai-
oria das pessoas (cerca de 80% da amostra) avaliou positivamente as funcionalidades
de alertar proativamente o utilizador, através da TV, acerca de assuntos relacionados
com deslocagdes para compromissos (ex: eventualidade de se estar atrasado tendo em
conta o estado do transito) e com as previsdes meteoroldgicas.

4 Conclusoes

Tendo em conta os resultados que foram apresentados, foi possivel chegar as seguin-
tes conclusoes:

1. Sendo que a maioria dos inquiridos eram pessoas ativas, o tempo que as mesmas
despendem por dia a ver TV € certamente uma parcela significativa do tempo que as
mesmas despendem em atividades de lazer, logo, a partida faz sentido criar um AP
incorporado na TV;

2. A maioria das pessoas possui atualmente o hardware necessirio, nomeadamente
meios STV, que permitirdo o usufruto de solucdes como aquela que é
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conceptualizada (AP no contexto do ecossistema televisivo), o que podera facilitar
a proliferacdo do desenvolvimento e utilizacdo destes assistentes;

. Considerando a importancia que os inquiridos atribuem quotidianamente as previ-

sdes meteoroldgicas, fard sentido que um AP presente na TV, forneca o alerta proa-
tivo acerca de tempestades ou outros fenémenos meteoroldgicos que tenham impli-
cacdes na agenda pessoal dos utilizadores;

. Tendo em mente que a utilidade de um AP, presente na TV, que auxilie o utilizador

na gestdo da sua agenda pessoal advém sobretudo do seu caracter proativo, o que
permitird antever imprevistos e respetivas solucdes, este tipo de assistente serd bas-
tante util, porém, para um tipo especifico de publico, nomeadamente, pessoas que
utilizem regularmente a TV de manha ou no periodo de almogo, pois, sio momentos
que caracteristicamente antecedem deslocagdes para o trabalho ou para outros com-
promissos;

. A forte utilizacdo do automével em deslocagdes que sdo maioritariamente levadas a

cabo em teor de trabalho, justifica que o AP conceptualizado forneca alertas proati-
vos acerca do estado do transito;

. Atualmente uma grande quantidade de pessoas recorre a sistemas GPS para realiza-

rem as suas deslocacdes, o que revela que as mesmas aceitardo um qualquer tipo de
auxilio prestado por AP no que respeita a este dominio;

As conclusdes retiradas neste estudo demonstram que, apesar de um AP proativo
presente na TV ser ttil para um segmento especifico da populacgdo, ainda assim existe
uma janela de oportunidade para que se criem sistemas deste tipo.
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Abstract. A service or product when is launched on the market has, in most
cases, the intention to reach as many consumers as possible. Any service or prod-
uct designed for a specific niche will be an economical bet with a higher risk.
This fact is even more critical in services such as Television (TV), since it aims
to reach the masses. However, there are some information and communication
technologies addressed to TV that allow a better viewing experience of people
with visual impairment. These technologies are mainly focus on reading elec-
tronic text, auxiliary audio and audio description. In this paper, a state of the art
survey is made to identify types of TV solutions target to visually impaired users.
Based on the analysis of the survey, an independent TV solution that brings to-
gether known technologies with new features targeted to visually impaired view-
ers is suggested and its requirements are identified.

Keywords: Television, Visual Impairment, Accessibility, TV system.

1 Introduction

There are offers on the market that make possible to create a superior TV experience,
even for visual impaired viewers. However, this experience never involves a single na-
tive offer, it always requires extra devices or settings where someone who can see the
screen has to interfere. The IPTV offers in Portugal does not natively have voice control
(VC), it has a reduced offer of audio description (AD), which is actually in charge of
the broadcasters, and only a few devices integrate voice over (VO) (with the exception
of MEO Audio Zapping service). Only the possibility of interacting with operators'
second screen applications can bring significant added value to users, since considering
that smartphones will have VO and the applications are a mirror of the TV menus.
These possibilities have the potential to be a great help to control the TV functions by
viewers with visual impairments. The possibility of VC is also a very interesting feature
because it can benefit not only visually impaired people, but also sighted viewers be-
cause of its convenience or by the simple sensation of control.

In this context, an independent solution that brings together known technologies with
new features targeted to visually impaired viewers is an added value initiative for the
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TV ecosystem, since it can not only help users with visual problems but also users
without any kind of visual restriction without interfering with their normal use.

2 State of the Art

Focusing on television content and taking advantage of interactive television (iTV), in
Portugal the options come down to programs with audio description. Originally, this
option was only based on the regular transmission of a program with AD, but this ser-
vice was transmitted via radio waves, analogically, which demonstrated that even after
the transition to the Terrestrial Digital Television (TDT) service (a milestone that could
be used as an important opportunity to improve this auxiliary means of communication
through its digitalization or interactivity), visually impaired citizens had difficulty using
the service and were forced to own two devices, the TV and radio [1]. Later on, in
February 2018, RTP's AD service, in collaboration with the three main cable distribu-
tion platforms in Portugal, NOS, MEO and Vodafone, implemented a dual audio system
[2]. The user, when watching a program containing this functionality has to manually
change the audio track (which requires navigating the TV service menus), which can
be an obstacle. It should be noted that, RTP announces this service at no cost to the
user, but the cable services that support this solution are paid.

There are also TV streaming services, such as Netflix, which offer some AD options
in films and series [3]. There are also smart TV boxes that allow the reproduction of
digital media through the installation of applications such as the case of the previously
mentioned Netflix, among others (e.g. YouTube). One of those smart boxes is Apple
TV, which integrates VO functionality that benefits people with visual impairment [4].

In the case of Apple TV, the VO indicates the coordinates in which this menu is
located (e.g. “System Preferences”, column 1, line 1). With the possibility of using its
integrated “Siri” digital assistant, Apple TV also has the possibility of being controlled
by voice using a button on your remote control. For people with low vision, this device
allows the adjustment of image contrast and text outline in their menus, as well as en-
larging the image, applying color filters and changing the brightness and intensity of
colors. Google Chromecast [5] allows a TV with HDMI input to turn into a Smart TV,
becoming a service similar to Apple TV. In the traditional version (without Google
TV), Chromecast only streams content from other devices to a TV, and is dependent on
those devices to work. In September 2020, a new model of the device, the Chromecast
with Google TV, was launched in the United States [6]. This version is complemented
by a remote control that is compatible with Google Assistant. In practical terms, the
new Chromecast does not need another device apart from it to run.

The Portuguese commercial IPTV MEO solution provides, since the end of 2013,
without additional cost for the user, the Audio Zapping service [7], an accessibility
feature aimed to help blind and low-vision users to control TV content, by following
sounds indicative of each action carried out through the control remote. With this ser-
vice visually impaired users can more easily use the MEO service, throughout sound
indications about the channel they are on, channel change (when the user is ‘zapping’),
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however the user must previously install the functionality. MEO service offers VC, but
in a second screen application and its commands are limited [8].

In the U.K., Sky's TV service with its smart TV box, known as Sky Q [9] offers the
normal TV channels but also the possibility to install streaming applications, recording
and storage of TV programs and the possibility of VC by its specific remote, however,
it does not have a native VO function.

In the USA, there are similar services like Comcast’s Xfinity X1 and Xfinity Flex,
both similar to Sky Q but in addition to the normal TV channels, application installation
and VC, they also feature a VO system when navigating its menus [10].

The VO is a feature offered by most smartphone manufacturers. Apple offers its VO
system as the virtual smart assistant Siri [11] (for VC and text creation from voice) and
Google offers the VO TalkBack system [12] with its virtual personal assistant. Thus,
smartphones can be used by anyone with visual impairment in their original features,
as long as certain options are activated. Considering that these options are active, it is
possible to have a sequential screen reading and provide voice commands.

3 Comparative Analysis

Considering the various services and devices that can provide a better TV experience
for people with visual impairments, the comparative analysis will focus on four more
disruptive and complete offers compared to the traditional TV service, which are sup-
ported in different platforms: i) a Portuguese IPTV offer - MEO; ii) a digital cable TV
offer not available in Portugal - Comcast’s Xfinity X1; iii) an over the top service -
Apple TV (available in Portugal); and iv) a TV module service - Google Chromecast
(also available in Portugal). For this purpose and taking into account that the presence
of AD depends on the program to be displayed, this feature will not be analyzed.

3.1 MEOIPTYV Solution

Exploring the full range of MEO's offer and in particular its applications, the MEO Go
application allows seeing all the programs that can be broadcast on TV on a mobile
device (smartphone or tablet), both live and recorded content [13]. Considering the VO
systems of mobile devices, there is the possibility of reading the entire screen so the
user, even if blind, can have a sense of what they are looking for in this second screen.
In this scenario, it is also possible to have two people in the same space watching dif-
ferent content, however with the need of a second device. Another application available
in the IPTV MEO offer is the MEO Remote, which mirrors the service remote on a
second screen (in addition it provides zapping, exploration and search functions) [8].
This application has also VC, but with limited commands. However, this app with the
help of VO from the second screen can help the user to search for the content that he
wants to broadcast on the TV set.
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Fig. 1. MEO Remote mobile application [8]

3.2  Comcast’s Xfinity X1

The service offered by Comcast’s Xfinity X1 does not require a second device for
any interaction. It is a subscription service where the hardware provided contains a re-
mote with a microphone included for VC [10].

There is the possibility of activating VO so that it can be used in all its menus and
these two features together allow people with visual impairments to have constant con-
trol over what they want to watch.

The lack of interaction with a second screen can limit the possibility for a second
person to watch a different program in the same space, but this solution brings the com-
fort of having everything included and not needing third-party devices.

xfinity xa

NGLAND

8§
dawcs

Fig. 2. Setup of Xfinity X1 TV solution [10]
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33 Apple TV

Apple TV natively offers VO in its menus and VC (it is an intelligent assistant known
as Siri) directly via a key on its remote. However, these functions only are available in
Brazilian Portuguese. The TV remote stands out for its minimalist appearance and few
physical buttons, being an advantage for visual impaired users [4].

Apple TV has several free contents, but much of its offer comes from pay-tv provid-
ers and paid channels that are made available by applications that can be installed di-
rectly. All its content can be used without the need for interaction with a second screen.

Fig. 3. Apple TV (TV box and remote) (REF)

3.4  Google Chromecast

In this analysis, it is considering the traditional version of Google's Chromecast, since
the version with Google TV is not available in Portugal. The traditional version requires
more components so that it can be fully enjoyed [5]. A smartphone or tablet can be used
to explore their menus through manual control applications using VO or through VC
with the help of Google Assistant to provide orders for menu control.

Fig. 4. Chromecast dongle [5]
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Another way of control is through the use of a smart speaker (Google Home, Google
Nest, etc.), however in this case the control is done exclusively by voice and in Brazilian
Portuguese, which may not be simple for Portuguese users with visual impairment.
This solution has several free channels available, but there is also the possibility of
using paid channels and services through the installation of dedicated applications.
Chromecast requires an initial investment in its device and in a second device for its
control (smartphone, tablet or smart speaker). However, this second device have other
features and is not exclusive to help Chromecast.

4 Requirements

The analysis made enabled the proposition of a set of requirements to suggest an inter-
active TV service that meets the needs of visual impaired viewers.

There are features and characteristics that can stand out from the analyzed four of-
fers. The MEO Go application allows the control of a second screen in order to watch
television independently from the TV set. The MEO Remote application mirrors the
controls of the IPTV Box and menus. The VO function present in smartphones together
with the mentioned applications can be an asset for a visually impaired user. Also in
relation to the VO function is possible to be activated in the Xfinity X1, Apple TV and
Chromecast solutions. On the other hand, the VC is possible to use in MEO (from the
MEO Remote application), Xfinity X1, Apple TV and Chromecast solutions. It should
be noted that the VC is offered by an intelligent virtual assistant in the Apple TV (inte-
grated function, but in Brazilian Portuguese) and Chromecast (through a second device)
solutions.

In this sense, the proposed accessible TV solution integrates four specific require-
ments, which is briefly presented below.

¢ A virtual remote control through a mobile application with dedicated VO.

e A second screen application that allows to watch TV (that benefits from the
smartphone's VO).

e The AD is transmitted in an individual audio track in order to be heard through head-
phones.

e The VC function is enabled through a mobile application (the same that provides the
virtual command) and/or a remote control with microphone.

5 Conclusions

The universal access and diffusion of information is decisive in structuring an inclusive
society based on the globalization of knowledge. For that reason, the creation of new
services and technologies that are consistent with universal access principles is an im-
portant strategy for increasing digital literacy and, consequently, the inclusion of people
with special needs.

December 2020, Universidade de Aveiro, Portugal | ISBN 978-972-789-680-6

39



40

Television and Visual Impairment: requirements of an accessible solution

In this paper, an independent TV solution that brings together known technologies

with new features targeted to visually impaired viewers is suggested and its require-
ments are identified. The architecture of the system and its technical processes will be
presented and explained in a future publication.
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Abstract. The TV viewing/use paradigm evolved and is often used as part of
crossmedia systems, thus creating flexible solutions, helpful when learning en-
vironments and different contexts of use are the main goal. This paper briefly
addresses the design of crossmedia systems able to generate personalized inter-
active informal learning environments from iTV, PC and mobile devices. The
system that was designed to illustrate our research, and which evolved from
previous versions, is called eiTV (meaning interactive TV content extended and
complemented with web contents) and generates a crossmedia personalized in-
formal video-based learning environment, through the form of a web-based
content, which provides extra information about users’ selected topics of inter-
est while watching a specific video. The web content may be generated, ac-
cessed and personalized through iTV, PC and mobile devices and, depending on
the users’ needs, viewed immediately or stored for latter view, individually or
simultaneously, also from iTV, PC and mobile devices. An evaluation, with the
participation of 90 elements, from 18 to 65 years old, grouped into 3 different
age groups, was carried out with high fidelity prototypes. The achieved results
were very optimistic in the 3 groups, and better than expected in the older
group. The results helped rethink our crossmedia related assumptions and
showed that the exploration of new functionalities and solutions were a success.

Keywords: Television, Crossmedia, Transmedia, Informal Learning, learning
environment.

1 Introduction

Crossmedia and transmedia systems, environments and applications are flourishing in
almost all areas [1], [2], [3]. Crossmedia systems refers to those where the same mes-
sage is distributed through different channels/platforms (repetition) while on trans-
media systems, the message is expanded through different devices/platforms (expan-
sion) [1],[2]. The success and adoption of these environments is impacted by many
factors as for instance the proliferation of new and appealing devices capable to sup-
port human activities across different contextual settings, technological advances as
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faster internet access, viewers changes in terms of technological interests and habits
(mainly triggered by the appearance of some killer applications as social networks)
and the systems characteristics, which the most relevant are, flexibility and mobility,
so essential to support today’s lifestyle [3]. One of the arecas where crossmedia and
transmedia systems have been achieving very good results is the area of informal
learning environments and contexts [4, 5, 6]. As to the medium used, video is one of
the richest ones, and is accessed through, TV, PC and mobile devices, depending on
the age. Through structure and interaction, these devices can open the door to flexible
environments that can access video and integrate it with different media, accessible
from different devices, adequate to support different cognitive modes and learning
processes in several contexts. Despite their valuable potential to create rich and flexi-
ble environments, the design of these crossmedia environments/systems faces some
conceptual challenges that may affect their effective use as interaction and service
design based on cognitive processes, usability, user experience, contextualization,
continuity, media affordances, and device characteristics. Our main concern has been
to focus also and mainly on these aspects, while studying and understanding this
emerging paradigm, where research has not been complete [7]. The eiTV system has
been designed and developed to illustrate our research and has been through an evolu-
tion process of 3 generations of prototypes, all ranging from low to high fidelity pro-
totypes. The third generation prototypes, briefly presented in this paper, were the
richer ones in terms of devices and functionalities involved. Running from iTV, PC
and mobile devices, it provides users the possibility to choose, from a video, usually
watched in a more experiential cognitive mode (which allows us to perceive and react
to events naturally), which topics they would want to know more about, with which
level of detail, and later decide when and where they would want to access those extra
related contents (informal learning environments presented through the form of a
web-based content), in a more reflective mode (the mode of thought), and with whom
they would want to share them with, having the adequate support from the application
in the different access contexts. Important to refer that the mentioned generated web-
based extra related content, also referred to as crossmedia informal learning environ-
ment, will be referred along the text, simply, as web content. The architecture and the
main features available in iTV, PC and mobile contexts were already explored and
described in previous publications [4][5][8], but never tested as a whole and com-
pletely integrated system by three different age ranges, as it was on this paper.

After this introduction, Section 2 includes a review of related work and concepts,
Section 3 briefly describes the design challenges of crossmedia applications in that
context, Section 4 presents some of the most important design decisions, Section 5
describes the evaluation process and, finally, Section 6 presents the conclusions and
perspectives for future research and developments.

2 Related Work

This section addresses some of the more relevant related research studies in Crossme-
dia environments that include TV.

The TAMALLE project [9] developed a ‘dual device system’ for informal English
language learning, based on watching iTV and selecting what to access later on mo-
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bile phones. This was an interesting system capable to accommodate different cogni-
tive modes and different contexts of use, especially, if considering the mobile phone
possibilities. Obrist et al. [10] developed a “6 key navigation model” and its interface
for an electronic program guide running on the TV, PC and mobile phone. The differ-
ent devices were not used in a complementary way since the intention was to test a
similar interface, on three different devices. Newstream [11] provides extra infor-
mation about what is being watched and related websites, using TV, PC and mobiles.
Depending on the viewers’ needs, that extra information may be viewed immediately,
stored or pushed to other device. Each device maintains awareness of each other and
are able to: move interaction to the device that makes the most sense in a specific
context. However, the system relies almost exclusively on social networks to receive
and share content. Our work is more flexible. 2BEON [12], currently called We-
OnTV, is an iTV application which supports the communication between viewers,
textually and in real time, while watching a specific program. It also allows viewers to
see who’s online, what they are watching, and chat through iTV, important to give
viewers a sense of presence. This work demonstrates the importance of sharing in-
formation with viewers’ contacts about what they are watching on TV, which sup-
ports our own decision of including a sharing functionality in eiTV. With Cronkite
[13] while viewers are watching a news story, if they feel the need to know more
about it, they press the “interest” button on their remote and the system provides them
with extra information about the story (not specific topics) on the computer display.
That extra information is not stored. Our application stores the related information
about very specific topics of interest inside a story instead of the whole story.

3 Crossmedia Design Challenges

This section describes the key aspects, cognitive and affective, that need to be consid-
ered to effectively design crossmedia environments and interfaces, with a special
focus on the design challenges associated with video and different devices.

Media and Cognition: Norman’s view [14] defines two fundamental cognitive
modes. The experiential mode allows us to perceive and react to events naturally and
without cognition, but require different technological support. For example, TV and
video are typically watched in an experiential mode but learning strongly relies on
reflection. A successful integration of media should have into account what each me-
dium and device is most suited for in each context of use.

Crossmedia Interaction, Conceptual Model and User Experience: the main chal-
lenges of crossmedia interaction design described by [15] include: consistency, in-
teroperability, and technological literacy needed for the different devices. The con-
ceptual model, how the software will look like and act, is also a very important aspect
since several interaction scenarios and contexts are involved [16]. The quality of the
interaction cannot be measured only by the quality of its parts, but as a whole. In this
context, the user experience (UX) may be evaluated through how well it supports the
synergic use of each medium and the different kinds of affordances involved, also
understanding what makes the user pass the current medium boundaries to use other
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media as well. According to [17], the UX may involve the isolated perception of the
medium (distributed), one of the biggest barriers to its efficient use and adoption, or
the perception of the system as a whole unity (coherent). According to [10], the UX
evaluation methods and measures relevant, when ubiquitous TV is involved, are:
physiological data; data mining, log files, observation, case studies, lab experiments,
experience sampling method, probes, diaries, interviews, surveys and focus groups.
The combination of methods to use depends on each specific case.

Supporting Crossmedia HCI: In this context, the migration of tasks is supported
via crossmedia usability and continuity, influencing on how well and smoothly users’
skills and experiences are transferred across the different devices [18] and contexts of
use. The consistent look and feel across media is an important requirement, even if it
should not limit the goal of having each medium doing what it is most suited for and
extending its characteristics (synergic use) [19].

Designing for Different Devices and Contexts of Use: Crossmedia design involves
designing interfaces for different devices. To understand the devices, and have each
device doing what it is most suited for, the best approach is usually to study each
particular situation, including device characteristics and cognitive and affective as-
pects associated to its use: why people use them, in which mode, compare them, etc.,
and the design guidelines for each device [8] followed by an adequate combination.

4 Crossmedia Design in eiTV

In brief, this Section presents main functionalities and design options concerning the
eiTV Crossmedia system, in response to the challenges identified in Section 3.

4.1 eiTV Architecture

The eiTV system is a portal aggregator of all the functionalities which may be ac-
cessed from any of the devices thus working as a true ‘ecosystem of devices’ in a
client-server architecture, a characteristic that provides flexibility to the application.

4.2  Flexible Navigation Model

We opted for a menu style navigation which provides users much more control over
their choices, considering that all the functionalities may be accessed at any moment.
This model improves the application interoperability since it shows people how it
works; the user experience which becomes more coherent considering that users
easily perceive the system as a whole unit; the crossmedia interaction continuity
through different devices and the interaction consistency considering that it is easier
to reuse users interaction knowledge. Due to its flexibility this model is also adapted
to changes in cognition modes, levels of attention and technological literacy.
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4.3 eiTV Functionalities

a) The Create central functionality allows users to watch videos and select topics of
interest for further information. The information available about the video differs in
focus and scope (video content and video Meta-info). Both types of information were
made available on the three proposed levels of information, from less to high informa-
tive: level 1 (topics); level 2 (summary) implies the immediate display of extra infor-
mation as a brief summary about the topics (overlaid or embedded onscreen); level 3
(structured) implies the immediate display of a structured list of that topic main as-
pects or options that the user may choose from. At any moment, the user can change
between levels of information accommodating viewers’ changes in cognition modes,
levels of attention, goals, needs and interaction preferences.

e WebContent: My input - Each web content is organized as follows. The left side
menu contains all the topics selected by the user, presented by the order of selection,
to improve contextualization. The web content is presented inside a ‘portal’” which
also has all the other functionalities: Create, Search, Share, Profile and DF. The
Search functionality allows the upload of information to a specific web content. Thus,
bellow the selected topics on the left side menu, there is the ‘My input’ place where
all the manually uploaded information is stored (see figure 1). This option was de-
signed to take advantage of each device characteristics to provide flexibility.

e WebContent: editing - Each web content has the possibility to be edited. This edi-
tion ranges from uploading information, to delete the web content, a topic, a category
from a specific topic or even just a simple paragraph. This option was designed to
provide users with flexibility, control, autonomy, consistent interaction and to take
advantage of each device characteristics and user experience.

e WebContent: contextualizing - Continuity and contextualization (see figure 1)
was supported via the use of some excerpts from the original video, namely the ex-
cerpts that were being watched in the moment of the topic selection.

eiTV prototype Personalized Crossmedia Web
Interface Content

AAAAAAAA Contextualization

Fig. 1. Contextualization in crossmedia navigation
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b) The Search functionality allows searching videos based on different criteria. Vid-
eo criteria: title, actor name, etc; and system criteria: video with or without web con-
tent already generated thus providing flexibility to the system.

c) The Share functionality is activated only after users accessed the Create or Search
functionalities. The share functionality allows sharing the generated web content or
retrieved video (with or without web content), with their contacts. On this functionali-
ty flexibility and error prevention were improved.

d) The User Profile functionality allows to upload users’ personal data from their
social network thus helping users with less technological literacy; allows to validate
the input information; present unequivocal error messages; consider all possibilities
(forgot the PIN or password, etc) thus improving flexibility.

e) The DF functionality was designed to have each device doing what it is most suited
for. As an example, in the case of the mobile devices, it allows taking pictures and
making videos to add to a web content; Location-based search using GPS functionali-
ty; etc. This provides the system with flexibility.

Consistency in UX and the perception of the system as a whole coherent unity in-
dependently of the device being used was also a priority so we decided to keep a co-
herent layout in terms of colours, symbols and other graphic elements, to better con-
textualize users, give them a sense of unity in their UX and allow a smooth transition
among media and devices thus providing users with a sense of continuity.

5 Evaluation

The UX evaluation methods and measures considered relevant for this specific case as
a final evaluation were: observation, case studies, lab experiments, experience sam-
pling method, questionnaires, interviews and focus groups. The evaluation process
started with a demonstration of the high-fidelity prototype using the three devices and
all the functionalities. Then, users were asked to perform tasks that allowed using all
the eiTV functionalities (central and devices specific ones), through the prototype in
five different contextual scenarios, using the three devices, with transitions between
them. The evaluation process took place in real contexts of use. Finally, viewers were
asked to fill a questionnaire and were interviewed. The questionnaire was based on
the USE questionnaire (usefulness, satisfaction, and ease of use) [20]; the NASA TLX
questionnaire (cognitive overload) [21]; and usability heuristics. There were 90 partic-
ipants, ranging from 18 to 65 years old, grouped into 3 evaluation groups: G1, with 30
students aged between 18 and 25; G2, with 30 persons aged between 25 and 45 and
G3, with 30 persons between 45 and 65. Inside each group the participants were cate-
gorized as follows: 10 with high Technological Literacy (TL); 10 with medium TL
and 10 with poor TL. No one ever participated on previous evaluations. As to the
participants TL categorization, it was made through a questionnaire with questions as:
do you use Internet? Facebook? How many hours a day? From which devices? etc.
Independently of the age, medium and high TL categories reacted well to difficul-
ties. However, when considering low TL categories, it was possible to see that, in the
presence of difficulties, G3 reacted with higher resistance and discouragement than
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G2 and G1. In what relates to the iTV interaction, G2 and G3 were the ones with
higher facility. As expected, the older generation prefers the iTV to generate the web
content (60%), while G2 prefers the PC (50%) and the youngest prefer the mobile
(37%). This may be explained by an increase in the use of cable TV options and ap-
plications as Netflix. Thus, older generations are becoming more and more used to
interact even through iTV while younger generations, in spite being very used to in-
teract, are becoming very distant from iTV (due to a change in their video consump-
tion habits which are traditionally mobile based). In what relates to the preferred de-
vices to access and personalize the web content the mobile device was the preferred in
all groups. In spite preferring the iTV to generate the web content, the older group
(G3) prefers the mobile to access and personalize it thus clearly valuing the mobility
that a smartphone brings to the system. In terms of information level, more users pre-
ferred level 1 from mobile, level 2 from iTV and level 3 from PC. These results may
indicate a changing in paradigm, and that independently of the device being used
users are becoming more used to interact through iTV. An explanation may be that
information level 2 is similar to the VOD and/or Netflix synopsis option. It is im-
portant to mention that the intention of transmitting a sense of unity was achieved:
G1: 93%; G2: 87%; G3: 73%) and, in general, 93% of the users referred that they
immediately felt “inside” the same application, despite using different devices. As a
whole the eiTV crossmedia system was evaluated as presented on table 1.

Table 1. Overall Evaluation of the Whole eiTV Crossmedia

Whole Application Gl G2 G3
Useful 93% 90% 70%

Easy to use 87% 83% 63%

Easy to learn 83% 80% 63%
Like to have it 93% 87% 67%
Recommend to a friend 97% 93% 83%

As can be seen, the evaluation of groups G1 and G2 are very close indicating that
the G1 higher propensity to the use of technology is bridged by G2 years of technolo-
gy use experience. As to the G3 results they are very good if considering that is the
oldest group and the worst obtained classification was 63%, meaning that 19 out of 30
persons found the system easy to use and to learn. In spite a good start, a lot must be
done in terms of Interfaces design research to adjust them to older populations.

6 Conclusions and Future Work

Considering the design framework followed, the trends in the use of multiple devices,
and the results of this and previous studies, we believe that our goal for this crossme-
dia context is worth pursuing and that we can achieve quite good results with all the
devices in different scenarios. As future work, we intend to explore the devices tech-
nological advances to create new functionalities capable to better support users needs
and different cognitive modes. A continuous improvement of the interfaces, so they
may become easier to learn and adopted by an elderly population, is also a goal.
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Abstract. Due to their flexibility, crossmedia systems are a promising tool in
hard circumstances, as for instance, when the direct contact with teachers is
somehow compromised. Due to the COVID-19 outbreak, 1.5 billion students
were affected by the school closure in 195 countries, according to UNESCO’s
mid-April estimates. To provide academic continuity, many institutions re-
placed the traditional classroom face-to-face teaching and learning process by
virtual classrooms, sharing notes in digital format, videos and recorded class
sessions, amongst other solutions. In many cases, this transition process was ab-
rupt, thus forcing teachers to rapidly adapt their methodologies and tools to give
the best possible support to their students. This paper describes a Crossmedia
TV based system developed by the author (the MMeiTV), to support her stu-
dents from a technological syllabus during the COVID-19 outbreak. The meth-
odology followed to design the system is presented and discussed as well as the
evaluation method carried out with high fidelity prototypes, and which results
were very good considering both the students’ feedback and their final grades.

Keywords: Crossmedia, Transmedia, Multimedia, TV based system, COVID-
19, teaching methodologies.

1 Introduction

We are living in an increasingly crossmedia world where these systems, environments
and applications are proliferating in almost all areas [1][2][3] mainly due to their flex-
ibility and mobility characteristics, so essential to support today’s lifestyle [3]. One of
the areas where crossmedia has been achieving very good results is the area of infor-
mal learning contexts [4][5][6]. As to the medium used to support learning through
crossmedia systems, video is, clearly, one of the richest ones while the devices used to
access it are TV, PC and mobile devices. Through structure and interaction, these
devices can open the door to flexible environments that can access video and integrate
it with different media, accessible from different devices, adequate to support differ-
ent cognitive modes and learning processes in several contexts. Due to the author
previous works, where crossmedia systems were designed and developed to support,
mainly, lifelong informal learning contexts with good results [4][5][7], and consider-
ing that the main population used to evaluate the systems were Higher Education
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Institutions (HEI) students, we have reasons to believe that these systems may turn
into a powerful tool, not only as an independent and individual learning system but
also as a complementary tool to the traditional face-to-face and/or distance learning
models. In fact, due to their flexibility, crossmedia systems are a promising tool in
difficult circumstances, as for instance, when the direct contact with teachers is some-
how compromised. Due to the COVID-19 outbreak, 1.5 billion students were affected
by the school or university closures in 195 countries, according to UNESCO’s mid-
April estimates [8]. To provide academic continuity, many institutions replaced the
traditional classroom face-to-face model by virtual classrooms, sharing notes in digi-
tal format (i.e., PPT and PDF), videos and recorded class sessions, amongst other
solutions. In many cases, this transition process was abrupt, thus forcing teachers to
rapidly adapt their methodologies and tools to give the best possible support to their
students. This paper identifies the design challenges that need to be addressed to de-
velop a crossmedia system integrated with formal learning methodologies and de-
scribes the crossmedia TV based system (MMeiTV) designed and developed by the
author, to support her students from a technological syllabus named Multimedia, act-
ing as an extra tool to the online classes, during the COVID-19 outbreak. Running
from iTV, PC and mobile devices, the system provides users with the possibility to
choose, from a video, usually watched in a more experiential cognitive mode (which
allows us to perceive and react to events naturally), which topics they would want to
know more about. They may also choose with which level of detail, and later decide
when and where they would want to access those extra related contents (web content),
in a more reflective mode (the mode of thought), and with whom they would want to
share them with, having the adequate support from the application in the different
access contexts. The architecture and the main features available in iTV, PC and mo-
bile contexts were already explored and described on previous publications [4][5][7].

After this introduction, Section 2 includes a review of related work and concepts,
Section 3 describes the fundamental aspects of the design rationale of ‘Crossmedia
Integrated Systems’, Section 4 presents the design decisions on the crossmedia
MMeiTV integrated system, which evaluation is presented in Section 5. Finally, Sec-
tion 6 presents the conclusions and perspectives for future research and developments.

2 Related Work

This section addresses some of the most relevant related research studies in Crossme-
dia environments. The TAMALLE project [9] developed a ‘dual device system’ for
informal English language learning, based on watching iTV and selecting what to
access later on mobile phones. This was an interesting system capable to accommo-
date different cognitive modes and different contexts of use, especially, if considering
the mobile phone possibilities. Newstream [10] provides extra information about what
is being watched and related websites, using TV, PC and mobiles. Depending on the
viewers’ needs, that extra information may be viewed immediately, stored or pushed
to other device. Each device maintains awareness of each other and are able to: move
interaction to the device that makes the most sense in a specific context. However, the
system relies almost exclusively on social networks to receive and share content. Our
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work is more flexible. Cronkite [11] provides extra information to TV viewers. While
watching a news story, they may press the “interest” button on their remote and the
system provides them with extra information, about the story being watched, on the
computer display, but doesn’t store it. The eiTV [4][5][7], provides viewers with the
possibility to choose which topics, from a video (seen from iTV, PC or mobile devic-
es), they would want to know more about, with which level of detail, and later decide
when, where and from which device (iTV, PC or mobile devices) to access those
extra related web contents in a more reflective mode. Viewers can decide with whom
they would want to share the web contents with (e.g. facebook contacts), having the
adequate support from the application in the different access contexts. This is a per-
sonalized experience since the web contents are prepared based on viewers interests
and preferences. Socialization, contextualization, continuity, and personalization are
some of the many aspects that were considered. Based on its success, the eiTV was
the foundation for the MMeiTV system. However, while eiTV was designed to work
as an informal learning tool working independently, the MMeiTV was designed to be
a ‘Crossmedia Integrated Systems’ which works integrated with formal learning
methodologies, as online classes and documents in different formats and platforms.

3 Design Challenges of ‘Crossmedia Integrated Systems’

This section describes the fundamental aspects of the design rationale of ‘Crossmedia
Integrated Systems’ (as the MMeiTV). However, all the ‘general crossmedia design
challenges’ identified on previous research and used in the design of the eiTV were
followed: media and cognition Norman’s view [12], crossmedia interaction chal-
lenges, user experience and conceptual model [13], Supporting Crossmedia In-
teraction [14],[15], Understand devices and contexts of use [7], as well as the main
architecture, guidelines, functionalities, etc [4][5][7]. Let’s focus on the fundamental
aspects of the design rationale of ‘Crossmedia Integrated Systems’ that are part of
major projects that may include different types of documents, platforms, devices, etc.
The following framework and phases should be followed to achieve a proper design:

¢ Global project components — the first thing to do is to clearly identify the global
project components. Ex: human intervention, online meeting, MOODLE, etc;

e Components characterization — it is important to understand how the previously
identified components are characterized and how they are related. Ex: human inter-
vention via online meeting through TEAMS, etc;

e Type of integration — the type of integration may be classified as optional or
mandatory. Optional when the global project works independently of the crossmedia
system. Mandatory when the global project is unable to work properly without the
crossmedia system. Important to note that, even without a technological dependency
between components they may be mandatory. As an example, lets imagine a global
project with the following components: 1) online classes and 2) a crossmedia system
specific to the realization of the evaluation tests. This is a mandatory integration be-
tween the two existent components, in spite without a technological dependency.
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o Integration Model Definition — it’s time to define if the integration model its
theoretical or functional. In a theoretical integration, the crossmedia system is de-
veloped without technological connection to the other components, while a functional
integration implies a technological connection to, at least, one of the other compo-
nents. At this phase one should define how each component interacts with the others.
e Integration Model Design — at this phase, the detailed design of the integration
model should be conducted considering the need to assure continuity, contextualiza-
tion, flexibility, coherence, and user interface simplicity taking advantage of users’
previous knowledge or user experience (UX).

It is important to mention that, to correctly define the integration model and design it,
all the general crossmedia design challenges (presented at the beginning of this sec-
tion) must be considered with a special focus on the user experience (UX).

4 The MMeiTV System Design

The MMeiTV crossmedia system case study is one of the components of a global
project which was the teaching of the Multimedia Syllabus during the COVID-19
outbreak. The main goal of the author was to find a way to overcome the distance
between her and her students and, simultaneously, design a tool that could help and
motivate them. The Multimedia syllabus (lectured at the second semester of the Mar-
keting degree 1% year), usually lectured completely face-to-face, includes theoretical
and practical classes. In the practical classes, at a school laboratory, students learn
how to work with image, sound and video editors as well as how to create websites
with Wordpress. The ‘Crossmedia Integrated Systems’ framework proposed, by the
author, on the previous section, was followed as described next:

¢ Global project components are: human intervention, online classes, MOODLE
platform, TEAMS platform, PDF files, DOC files, video files, crossmedia system.

e Components characterization — the components are related as follows: 1) online
classes through TEAMS platform; 2) PDF, DOC and video files through MOODLE
platform; 3) MMeiTV crossmedia system.

e Type of integration — the type of integration is optional.

¢ Integration Model Definition — the integration model is functional.

e Integration Model Design — the MMeiTV crossmedia system was designed to
accommodate information from the online classes and the MOODLE platform to
create a sense of unity, continuity and provide the system with flexibility. In what
refers to specific ‘integration design decisions’, they are described next.

The MMeiTV was designed to illustrate and explore the underlying ‘crossmedia inte-
grated systems’ paradigm, based on cognitive and affective aspects that influence the
user experience and to serve as a tool to support the students. It was designed and
developed with all the characteristics and functionalities of a previous system (the
eiTV) developed by the author [4][5] with the necessary adaptations to this new type
of ‘crossmedia integrated system’ and with the integration design concerns in mind.
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4.1 MMeiTV Architecture

The MMeiTV crossmedia system works as a portal aggregator of all the functionali-
ties which may be accessed from any of the mentioned devices thus working as a true
‘ecosystem of devices’ in a client-server architecture. Through the portal we may:
generate web contents; see, edit and share web contents; upload files; change profile;
etc. If MMeiTV users generate a web content and decide to share it, they may do it
with anyone through the system or a link, a characteristic that provides flexibility.

4.2 MMeiTV Flexible Navigation Model

As to the MMeiTV navigational model, a menu style navigation was adopted. It pro-
vides viewers easy control over their choices, considering that all the functionalities
may be accessed at any moment, directly through the menu or through the chromatic
keys. This type of model improves: the system interoperability since it shows people
how it works (what functions it supports and how); the user experience which be-
comes coherent considering that users easily perceive the system as a whole unit; the
crossmedia interaction continuity through different devices and the interaction
consistency considering that it becomes easier to reuse viewers interaction
knowledge. Due to its flexibility this model is adapted to changes in cognition
modes, levels of attention and technological literacy. As to the interfaces they are
simple, have a minimalist aesthetic and were designed based on each device charac-
teristics, guidelines and considering that the MMeiTV crossmedia system is part of a
global project with two other components that are content providers.

4.3 MMeiTV Functionalities

The main MMeiTV features and functionalities are Create, Search, Share and Pro-
file. The create functionality is responsible for generating the web content, which is
the main purpose of the crossmedia system. Thus being, the specific ‘integration de-
sign decisions’ were taken at this level and are described next. The other functionali-
ties were already described on previous works [7]. The Create functionality allows
users to watch video classes and select topics of interest for further information. The
information available about the video differs in focus and scope and were made avail-
able on three proposed levels of information, from less to high informative: level 1
(topics) implies the use of the OK button to select topics of interest; level 2 (sum-
mary) implies the immediate display of extra information as a brief summary about
the topics (overlaid or embedded onscreen); level 3 (structured) implies the immediate
display of extra information, namely a structured list of that topic main aspects. At
any moment, the viewer may change between levels by pressing button 1, 2 or 3 or by
using the directional buttons. Thus, the navigation is adaptable to viewers with differ-
ent technological literacy. The 3 levels of information, with embedded and overlaid
options, play an important role to accommodate viewers’ changes in cognition
modes, levels of attention, goals, needs and interaction preferences. When the
viewer decides, or when the video finishes, a web content is generated with the se-
lected topics of interest. Attached to web content are the files that were available on
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the MOODLE platform for that video class and the ‘video class’ file that they saw on
video file and/or from TEAMS and which was the trigger to that web content. These
design options help creating a sense of unity and provide flexibility, continuity, and
articulation between all the general project components. As to the web content:

a) Web Content: My input - Each web content is organized as follows. The left side
menu contains all the topics selected by the viewer, presented by the order of selec-
tion in the video, to improve contextualization, but the viewer may choose to see them
by alphabetical or logical (content dependent) order. Sub-categories of the topics are
presented in the top menu. This web content is presented inside a ‘portal’ which also
has all the other functionalities: Create, Search, Share and Profile (see Fig 1). The
Search functionality also allows the upload of information to a specific web content.
Thus, bellow the selected topics presented on the left side menu, there is the ‘My
input’ place where all the manually uploaded information is stored (text, pictures,
etc). This information may be edited (deleted, moved, changed, etc). This option was
designed to take advantage of each device characteristics to provide flexibility.

MMeiTV Crossmedia integrated Web Content
system Interface:
MMeiTV System
p “earch Share “rofile DF

--------- Contextualization

Fig. 1. MMeiTV TV interface and Web content interface

b) Web Content: Prof input - Bellow ‘My input’ there is the ‘Prof input’ place to
where all the messages posted by the professor, until that moment, in the MOODLE,
will be copied (see Fig. 1). As it happens with the ‘My input’ contents, the ‘Prof in-
put’ may be edited (deleted or moved, not changed). This option provides flexibility,
sense of unity, continuity, and articulation between the general project components.
¢) Web Content: editing - Each web content has the possibility to be edited. This
edition ranges from uploading textual information (if through the TV set) or textual
information and files (if through PC or mobile devices) to delete the web content, a
topic of the web content, a category from a specific topic or even just a simple para-
graph. This option provides viewers with flexibility, control, autonomy, consistent
interaction and takes advantage of each device characteristics and user experience.
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5 Evaluation

On Mach 12™ classes were suspended in Portugal due to the COVID-19. Three weeks
later the MMeiTV (a crossmedia system developed to help with the Multimedia Syl-
labus) was ready. A detailed demonstration of the system was made to 90 students,
from 18 to 52 years old, with Internet access, PC and mobile devices. They were
aware about the functionalities available from each device and how to use them to
generate, edit and enrich the web contents. They used the system until the end of July.
Due to time constraints, the UX evaluation used were questionnaires and interviews.
The questionnaire was based on the USE questionnaire (usefulness, satisfaction and
ease of use) [16]; the NASA TLX questionnaire (cognitive overload) [17]; and usabil-
ity heuristics. In terms of specific ‘integration design decisions’ the results were very
good: attach MOODLE files to the web content was considered useful (98%) and easy
to use (98%); attach video classes to the web content was considered useful (89%)
and easy to use (98%); attach the MOODLE messages to the web content was consid-
ered useful (99%) and easy to use (96%). As a whole, the MMeiTV was a success: it
was considered useful (92%), easy to use (83%), 94% liked to have it and 97% would
recommend it to a friend. However, the 83% value indicates that the system needs to
be improved in terms of interfaces. As to the integration of the three general project
components, it was a success considering that the users liked to see the information
from MOODLE and TEAMS available at the generated web content. That character-
istic helps them in terms of mental organization because, as they told, the portal has
worked as an aggregator of important contents. It was interesting to see the enthusi-
asm with the proposed methodology and the results achieved in terms of grades. In
spite being totally lectured at distance, the results achieved were better than in previ-
ous years, what probably occurred due to the use of the MMeiTV crossmedia system.
In many aspects, the functionalities were perceived as useful and an added value.

6 Conclusions and Future Work

The evaluation results were very encouraging. Thus, we will continue to improve and
use the developed system both in e-learning and face-to-face learning contexts. As
future work, we intend to refine the ‘integration model design’ to provide users with
more flexible options. When a web content is generated, all the files available in the
MOODLE platform, for that video class, are automatically attached. However, files
uploaded to the MOODLE after the web content production are ignored by the sys-
tem. As future work, the user will be alerted (via e-mail, sms, or both) when the pro-
fessor uploads new files to a class and will be able to choose to update the previously
generated web content. Similarly, when a web content is generated, all the professor
MOODLE messages are copied to the ‘Prof input’ place at the web content. Users
must be alerted about the professor new messages and be able to choose to upload
them to the web contents via a simple click. A continuous improvement of the inter-
faces is also a goal, so that in the future they may become easier to learn and use con-
sidering that, as stated by Abreu et al. [18], the future of usability is based on the re-
duction of the effort of interaction between the user and the system.
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Abstract. Educational practices were impacted by contemporary technologies,
which have been transforming the way humans expand their knowledge. Blended
learning methods using multiple screens have emerged as new paradigms for fac-
ing recent new media appropriation and advancing the learning process in this
digital scenario. A study was carried out with 59 students from the penultimate
year of high school in Chile and Brazil to address this challenge. During two
weeks, they participated in a flipped classroom for practicing basic English, ex-
perimenting with Digital Television and smartphone use. Results showed signif-
icant improvement of English skills among students comparing the pre and post-
test periods, having Brazilian students perform slightly more effectively than
Chilean ones. The study showed how practicing languages can be benefited with
Digital Television use with multiple screens in flipped classrooms situations. Fu-
ture works would be improved by conducting further sessions, amplifying the
observation of students’ content and characteristics.

Keywords: Teaching Method, Learning Environment, Multiple Screens.

1 Introduction

In the last decades, the socioeconomic, political, cultural, and technological transfor-
mations have significantly impacted individuals’ lives. The appropriation of new media
can be observed in work relations and, above all, in the education field, due to the ri-
gidity of its structure [1]. According to Selwyn [2], digital technologies increasingly
define education forms today since schools, universities, libraries, and museums have
embraced digital artifacts, platforms, and applications, and it is impossible to imagine
the future of a non-technology education. Moran [3] reports that there are no two
worlds, physical and digital, when it comes to teaching and learning, but an extended
space, an increased classroom, which can be merged and hybridized constantly.

In this perspective, one option to be considered is the so-called active methodologies,
in which students centralize actions and construct knowledge collaboratively [1].
Among the active methodologies, it is possible to highlight hybrid teaching, character-
ized by the use of technologies as the primary pedagogical resource. A proposed hybrid
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methodology that has drawn attention in recent years is the flipped classroom, which
according to Bergmann and Sams [4] can be summarized as "what is traditionally done
in the classroom, now runs at home, and what is traditionally done at home, is now
carried out in the classroom". Students receive the pedagogical resources of the subjects
in advance and study at home; all possible questions or doubts are addressed before or
during the lesson and following remedial practical activities with the teacher’s assis-
tance supervision. For Suhr [5], this method allows organizing the didactic activities in
amore appropriate way to the student's needs, to reconcile the moments of self-learning
with those of face-to-face interaction.

One of the resources used in the flipped classroom model is the audiovisual one. The
audiovisual is increasingly present in education, but according to Divardin [6], predom-
inantly in the context of linear learning, as schools do not seem to take advantage of the
available technological resources, which diverges from the daily lives of young people
and children, who progressively use cinema, television, digital games, the Internet,
among other means of communication, to learn.

Television, as well as other communication media at present, follow the dynamics
of digitization, migrating from an analog system to a digital one, with superior image
and sound quality, among other benefits. In Latin America, De Grande and Américo
[7] show that several countries in the region chose to implement the Digital Terrestrial
Transmission model. In 2006, Brazil was the first, while in Chile, the implantation
started in 2009 with the same technology.

One of the main reasons for the effort to digitize TV is the growing need for inter-
action between the user and television programming, pointed out as one of the main
positive aspects of Digital TV, which currently divides the audience with other devices,
such as smartphones and tablets, called “second screen”. This competition has led tel-
evision (first screen) to invest in complementary content for the user to access simulta-
neously through other screens.

Bringing the first and second screens to the educational field, since the new media
are part of the daily practices of society, many possibilities of integration with the hy-
brid methodologies can be seen, like the flipped classroom, a model that still lacks fur-
ther scientific contributions and improvements [8]. In this scenario, the present study,
which employs a quantitative approach, aims to measure the impact of the use of Digital
TV with multiple screens during a flipped classroom to practice English.

2 Materials and Methods

A quasi-experimental exploratory study was carried out in two public schools, one in
Brazil in the city of Sdo Caetano do Sul, and another in Chile in the city of Arica, a
total of 59 students aged between 14 and 16 years old. It should be mentioned that it
was not the aim of this study to compare both schools, but rather, making the proposal
of this work valid in two culturally different contexts. Some concerns were also taken
when selecting schools, for example, a similar number of courses, students, socioeco-
nomic status of students, and representativeness in their contexts.
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The participants of both schools were students in their penultimate year of high
school, who performed their regular activities in all disciplines, except for the English
lessons, which is the subject of this work. For the content of the activities, English was
chosen because it is a subject with a similar time load and syllabus/program at this level
in both countries. Specifically, the contents related to personal presentation, tourist in-
formation, and the use of the verb 7o be in Simple Present.

The experience lasted two weeks, totalizing four sessions: the first and last 60
minutes, and the other ones 90 minutes. In the first session, the 15 initial minutes were
used to explain the research’s objective to each group, and, in the remaining 45 minutes,
the quantitative evaluation instrument (pre-test) described below was applied. At the
end of the first session, three video classrooms were made available to the students (see
Fig. 1). These video classrooms, lasting less than 10 minutes each, addressed the con-
tent to be learned, and students were instructed to watch at the time and place they
consider suitable.

® 530 Fauto - 57

Fig. 1. Capture of content of the three video classrooms available to the students before the ex-
perimental work in the classroom

In the second session, one week after the first, the first 10 minutes were used to install
an application on the students' mobile devices (application described below). The re-
maining 80 minutes were focused on the activity itself; that is, clarify doubts and watch
the interactive classroom video on Digital Television and, through the mobile applica-
tion on their devices, interact with the classroom video (both pedagogical tools de-
scribed below). It is worth mentioning that the students at the end of the activity could
continue working with the mobile application to practice the subjects depicted in the
video classroom. In the third session, in the school and with the subject’s teacher, the
students eliminated their doubts and exercised the contents envisioned in the previous
activity. For the exercise, the students could use the application in their mobiles or other
material of their interest, always with the teacher’s accompaniment. Finally, in the last
session, a quantitative evaluation (post-test) equivalent to the first (pre-test) was ap-
plied.

For the analysis, only students who participated in both evaluations (pre and post-
test) and attended the face-to-face classroom session were considered (N=44). The par-
ticipating teacher was trained for the use of the application for 60 minutes. Also, to
minimize the impact of their skills during the teaching process, a member of the re-
search team was present during the pilot session to ensure that all students received
support when faced with difficulties.
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2.1  Pedagogical Tools

Two were the tools developed by the authors. The first tool were the three classroom
videos available to the students after the pre-test and the interactive classroom video
used during the classroom-based experimental work.

The videos’ format was a formal English lesson delivered by an English teacher on
basic English vocabulary. It is worth mentioning that these resources were reviewed
and validated by experts in the field in terms of pedagogical content. The second peda-
gogical tool developed was a mobile application (Fig. 2) that allowed students to inter-
act with the Interactive Digital Video classroom. The mobile application was synchro-
nized with the classroom video in seven different moments in the narrative, allowing
each student to answer different questions and obtain the corresponding feedback on
their devices.

@

Fig. 2. (a) Main selection module, (b) Avatar configuration interface, (c) Module of questions
and alternatives, and (d) Global ranking of student classification

The application is organized into four modules. The first allows accessing three other
modules (Fig. 2a). In the Avatar module (Fig. 2b), various elements related to the ava-
tar’s appearance associated with the student can be configured. In the Respond module
(Fig. 2¢), the student can read the question statement, choose one of the five answer
alternatives, or use the skip question or request help option. To each correct answer, the
student adds points; skipping the questions is a limited resource, as well as asking for
help. In the last module, Ranking (Fig. 2d), the students can compare their group’s top
five scores. It should be highlighted that students could continue employing the appli-
cation after the experiment to practice.

2.2 Evaluation

The authors developed a quantitative instrument to identify the level of skills in basic
English; such an instrument measured the competence of carrying out a personal
presentation and delivering tourist information using the verb to be and the grammatical
time Simple Present. This instrument was reviewed and validated by a group of experts
in terms of its pedagogical content and effectiveness in measuring knowledge acquisi-
tion.

In paper format, the quantitative assessment instrument contained 33 questions: the
first 4 questions asked to describe a sentence in a line; the following 7 questions asked
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to re-write short sentences of a statement in the negative form; the next 11 asked to fill
in blanks, where they should use verbs in Simple Present; in the following 5 questions,
the students choose the written correct option between two sentences; and finally, as-
sociate 6 words to 6 images. For example, one of the questions to make a self-descrip-
tion was: “Where are you from?”. For sentences in negative form, another example
was: “John and Mary have two kids”. The questions were arranged by level of difficulty
(from easy to difficult), to control the effect of position of the item, the operation of the
differential item (DIF) and the measurement bias. Cronbach's alpha was used to guar-
antee the instrument’s reliability in each of the participating groups (see Table 1).

3 Results

Table 1 shows the average and standard deviations of the pre and post-test scores for
each class and the Cronbach Alpha associated with the pre-test. The Shapiro-Wilk test
confirmed the assumption of the normality of the pre-test. As seen in Table 1, the post-
test score was higher than the pre-test score for each group, although there is a small
difference, as could be expected considering the pre-test, in the group of Brazilian stu-
dents, who in some cases reached the maximum score. The above is consistent with
effect size (Cohen’s d).

Table 1. Characteristics and scores of each class in the pre-test and post-test

Class N Pre-test Post-test Cronbach's Cohen’s d

M SD M SD Alpha
Brazil 17 2938 3,52 30.56 230 0.837 0,41 (medium effect)
Chile 27 1889 536 20.83 5.44 0.825 0,36 (small effect)

However, to statistically validate the learning process, first the possible difference
of previous knowledge (pre-test) between the two groups (classes) must be validated.
Levene's test for equality of variances was applied to verify this assumption, which did
not reveal significant differences between groups (F[2, 42]1=2.837, p>.100). However,
the t-test for equality of means revealed a significant difference (t = 7.128, p < .00).
The data allows inferring that each group had different levels of knowledge; however,
equally distributed. It should be mentioned that it was not the objective of this study to
compare differences between groups, though, the different prior knowledge of the
groups allows the development of more meaningful analysis since it shows the possi-
bility of using said technology in different contexts of teaching-learning. In order to
validate that in each group, there were significant learning improvements, an analysis
of variance (ANOVA) was carried out, using the pre and post-test instruments’ results.
The results showed that in both groups there were significant differences between the
pre and post-test scores (Brazil F[1, 16] = -1.67, p <.057; Chile F[1, 26] =-2.06, p <
.024). It is worth mentioning that all statistical analyzes were performed using SPSS,
version 24.0.
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4 Discussion and Future Work

The impact of the use of Digital TV with multiple screens during a flipped English
classroom was analyzed for 59 third-year high school students in Brazil and Chile. The
participants studied for two consecutive weeks, using the flipped class method with
multiple screens. The results showed that all the groups have significantly improved
their knowledge of English. The importance of this study lies in showing that when
multiple screens are used, the student is affected by technology not only in the effi-
ciency of their learning but also because it opens opportunities to break down structures
rooted in the teaching profession; where the desired competition in students changes in
the face of the availability of new technological resources.

Finally, the limitations are part of any research in the classroom and, thus, should be
taken into account. The first limitation of this study comes from the sample’s size and
representativeness since only two schools and only a portion of the available levels
were analyzed; a representative sample would have allowed the generalization of the
results. The second limitation is associated with the reduced number of sessions; a
larger number of sessions would have allowed analyzing how the contributions of the
application’s use in the quality of knowledge and observing student interest over time.
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Abstract. Following a design-based research planning and according to the pref-
erences of teenagers, a set of videos about natural sciences concepts was pro-
duced. These videos were published on YouTube following a communication
strategy with posts on satellite networks (Facebook, Instagram and Twitter) for a
13 days period. On a group session, 8 teenagers evaluated original videos and the
related communication strategy. On the same session teenagers were asked about
the possibility of watching similar videos in future occasions.

A total of 6 teachers were also consulted in order to validate their willingness to
recommend educational videos similar to the prototyped ones.

The videos were appreciated and almost all the features were validated by the
teenagers. Teachers revealed open to recommend such videos.

The results from the teenagers and teachers’ evaluations resulted in a set of guide-
lines for producing and sharing educational videos that may be useful for teachers
and other educational players.

Keywords: Online video, Production guidelines, Educational video.

1 Introduction

As Generation Z, born between 1993 and 2003, shifts their watching routines from lin-
ear TV to streaming platforms[1], Portuguese teenagers also follow the trend[2].

In order to take advantage of some of the time spent watching entertainment videos
to promote informal learning and based on previous studies conclusions about teenag-
ers’ preferences on online video, a set of prototyped videos were produced according
to those conclusions.

The main goal of this research was: to evaluate the dimensions of the videos (host,
editing pace, scenario, soundtrack, length, animation, infographics, speech pace, speech
style, language and content density), counting on the feedback from a sample of users
(teenagers aged 12-16); to check if they correspond to the previously identified prefer-
ences [3], and; identify how they usually choose the videos to watch and measure their
openness to include similar videos to their entertainment routines.

Based on the conclusions, a set of guidelines useful to anyone interested in producing
similar videos would be the final desired output.
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2 State of the art

Formal learning videos have been analyzed by several authors [5, 6]. These studies
have identified some principles such as optioning for shorter lengths or the use of graph-
ical elements (animations, graphs or even manuscript notes) for concepts demonstra-
tions [7].

Regarding science communication videos they are already available on YouTube
being produced by researchers, research teams or even public or private institutions.
The most popular ones are short length (2-3 min), comic, with animations and sound
effects [8].

Among the most popular YouTube channels it is possible to identify shared points
such as fast speech, fast editing pace with wider use of jump cuts [9] and also comic
appointments (e.g. inside jokes) [9, 10].

Channels such Kurzgesagt — In a Nutshell!, Crash course?, or Vsauce?®, followed by
more than 10 million users, share the use of animations (Fig. 1, left) and a relaxed style
of speech. The last two included an onscreen host (Fig. 1, right).

Can you trust Kurzgesagt videos?

Fig. 1. Animation on Kurzgesagt — In a Nutshell videos (left) and relaxed style host on Crash
Course videos (right).

On the next section the methods followed to extend the contributions to the field are
presented.

3 Methods

In order to develop a set of guidelines for the production and sharing of educational
videos two cycles of development, publication and evaluation were planned according
to Design Based Research [11], a methodology plan in which conclusions of each cycle
affect the development of the next cycle.

Kurzgesagt — In a Nutshell: https://bit.ly/1h4rc74
Crash Course: https://www.youtube.com/user/crashcourse
3 Vsauce: https://bit.ly/1¢Gr5ul

2
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3.1  Stages description

Based on the conclusions of a previous evaluation phase carried by the researchers [3]
the study was distributed in two phases as illustrated on Fig. 2. The first phase consisted
on the production, postproduction and construction of the communication strategy. The
second phase consisted of the dissemination and evaluation of the prototyped videos
and its communication strategy. The first phase was implemented from November 2016
to October 2017. The second phase started on November 2017 and finished on May
2018.

PRE-TEST TEACHERS' EVALUATION

‘ g Adusiment
VIDEO PRODUCTION TEENAGERS' EVALUATION

Fig. 2. Phases of the study

The first phase of this study included the pre-production tasks (script writing) the
host casting, image and sound capture and the postproduction tasks. The personaliza-
tion of the YouTube channel and the satellite platforms (banner and profile picture) was
also developed. The schedule of posts (Facebook mainly and Instagram) and video re-
leases was the last activity included in this phase. A total of three videos about natural
sciences themes was produced, namely plate tectonics, vulcanism and seismicity.

On November 2017 the original videos were released, along with the schedule de-
veloped on the previous phase. On a work session comprehending original videos
watching, answering to a questionnaire and participating in a Focus Group, 4 teenagers
gave their evaluation about the videos and the communication strategy.

Following the conclusions of the pre-test, the videos weren’t modified but a new
communication strategy was developed, including the preparation of posts on Twitter,
Instagram and also on Facebook.

Videos were republished on January 2018 and evaluated on another work session,
similar to the one described above with 8 teenagers on February 2018.
According to the students’ inputs on the previous two stages a final evaluation on the
original videos was planned. Sessions with video watching, answer to a questionnaire
and an interview were booked with each teacher on May 2018.

3.2  Participants

The study gathers the impressions of two groups of teenagers, 4 on the pre-test and 8
on the final evaluation. All of them were aged between 12 and 16 years old and attended
public schools on Portugal (7th to 9th grade).

The last phase comprised two groups of teachers, a group of 3 young teachers with
less than a year of work experience and a group of 3 experienced teachers counting
more than ten years of teaching.
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4 Results

4.1 Students’ evaluation

Prototyped videos featured onscreen host, virtual scenario and animations are illus-
trated on Fig. 3.

s denst y
placa MeN%S Siaea mais densa

g
& ¥

Fig. 3. Onscreen host on virtual scenario (left), 2D animation (center) and infographics (right)
from prototyped videos.

According to the answers to the questionnaire expressed bellow on Fig. 4 it was
possible to validate almost all the features of the original videos as appreciated features
matching the teenagers’ preferences. The exceptions to an unanimous approval were
the use of sound effects and infographics. Nevertheless, some isolated unappreciation,
about some particular frames was expressed during the focus group. For example, alt-
hough fast paced speech was a clear preference, at some points of the videos it was
perceived to be an obstacle to the correct understanding of the concepts in explanation.

Features Dimension Features
Unapreciated ~ Subdimension and Category ~ Apreciated

Technical

Onscreen host THrenl

Fast paced edition HERAN

Virtual scenario THEEn

Sound effects 11

Backgroud music 1

Lenght (2-3 min) 1

2D animation (NERAR]!

I |
| |
| |
I |
| |
| |
I |
| |

11 Infographics 11

Speech
| | Plain language (RRRERAN

| | Relaxed style (with humour) | [[[]]]]

| | Fast paced speech RERERAN

Content Density
[RERAN Light Approach IRERERY

Fig. 4. Results from teenagers’ evaluation, collected from their answers to the questionnaire
(N=8).

Previous to the session, 6 in 8 participants had already interacted with the YouTube

channel were the videos were published, 5 in 8 valued thematic indexations of videos
hence they are used to choose the contents to watch on their subscriptions’ page. Some
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interactions were registered on Instagram (3 in 8) and also on Facebook (2 in 8) and on
Twitter (1 in 8). In overall, they enjoyed watching the videos (5 in 8) but weren’t avail-
able to watch them during their leisure times (5 in 8). They were all interested in watch-
ing similar videos on classroom or during study sessions.

4.2 Teachers’ evaluation

Teachers, consulted after the students had expressed their willingness to watch proto-
typed videos as study or classroom resources, agreed with the possibility of recom-
mending similar videos.

All young teachers were willing to use such videos to be watched pre-class (e.g. in
flipped classroom approaches), as a discussion starter, as a summary or as study mate-
rial (last three uses recommended by 2 in 3).

Experienced teachers were open to recommend such videos as summaries (3 in 3),
as a pre-class resource (1 in 3) or even as informative resources to introduce concepts
in class (1 in 3).

The teachers validated many features of the videos, such as: infographics (3 in 3
young teachers; 3 in 3 experienced teachers); the light approach (3 in 3 young teachers),
and; the sequence of ideas (3 in 3 experienced teachers). But 4 in 6 (one young and 3
experienced) agreed that the fast-paced editing and speech weren’t desirable. Experi-
enced teachers suggested some improvements such as considering the use of 3D ani-
mations and the segmentation of the prototyped videos.

5 Conclusion

Following the results of this exploratory study, some recommendations can be useful
to teachers and other producers, considering that students are open to the pedagogical
integration of such videos.

Following the features identified on popular videos and on the evaluations carried
by the researchers we may conclude that the onscreen host with a relaxed style and fast
paced speech along with plain language in short length videos can result to explore
diverse contents with different levels of detail in explanations. The use of different
kinds of animations is also recommendable. Although virtual scenarios are appreciated
by teenagers, using different kinds of scenario can also be recommended. Teenagers
enjoy fast-paced editing, but slower pace can be recommendable when the purpose is
to the deliver contents for formal learning contexts. Adding music or sound effects is
also welcomed by teenagers.

All the referred principles apply to natural sciences videos but can be applied to
videos about other subjects.

Considering that the interactions with the videos occurred mainly on YouTube, care-
ful thematic indexation is advised in order to ease the searching tasks, for example when
the students need to review concepts and find a video for that.

This research was developed before the 2020 pandemic crisis who obliged govern-
ments to close schools and forced all the educational communities to shift to distance
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learning. The listed guidelines, which were already useful before the pandemic situation
can be even more valid during challenging times where e-learning and b-learning prac-
tices are increasingly important, and teachers face the need to deliver contents remotely.
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Sumirio. O ecossistema SecurHome TV tem por objetivo alertar para potenci-
ais situagdes de risco em que se encontrem pessoas idosas, tendo como ponto de
partida a sua atividade doméstica. Para tal, o ecossistema ¢ composto por trés
componentes principais: i) uma aplicagdo de televisdo interativa que monitori-
za, de forma ndo intrusiva, a interacao do sénior com a sua televisdo; ii) uma
WebApp destinada ao respetivo cuidador, que lhe permite compreender o con-
texto associado a alertas; e iii) um portal web de administragdo que permite
agendar lembretes didrios de tomas de medicamentos, consultas e exames mé-
dicos a realizar. O ecossistema SecurHome TV permite, assim, monitorizar a
atividade doméstica do sénior, através do seu normal televisor, detetando desvi-
os ao seu padrdo de consumo televisivo e de interagdo com o sistema, bem co-
mo atrasos nas tomas de medicamentos, os quais sdo devidamente ponderados
através de um complexo algoritmo de emissdo de alertas. Este artigo apresenta a
pertinéncia de se utilizar a televisdo como um elemento central na monitoriza-
¢do da atividade doméstica e descreve o ecossistema SecurHome TV, com es-
pecial énfase no algoritmo de emissao de alertas.

Palavras-chave: Seniores, Monitorizagdo, Atividade Doméstica, Televisdo,
Alertas.

1 Introducao

Segundo o Instituto Nacional de Estatistica (INE), em 2018 [1] cerca de 2,2 milhdes
de portugueses (21,8% da populacdo total) tinham mais de 65 anos, sendo que a pre-
visdo [1] aponta para que este nimero passe para 2,8 milhdes em 2080 (cerca de 30%
da populagdo total). Também segundo o INE [1], a popula¢do em idade ativa (entre
15 e 64 anos) residente em Portugal decrescera significativamente, passando de 6,6
milhdes em 2018 para 4,1 milhdes em 2080 (um decréscimo de 65% para 49% da
populacao total). A somar a este envelhecimento generalizado da populacao, verifica-
se também que, em Portugal, o nimero de idosos a viver sozinhos tem vindo a crescer
de forma muito significativa. Em 2020, a Guarda Nacional Republicana (GNR) sina-
lizou mais de 42 mil idosos a viverem sozinhos e/ou isolados [2].
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Neste contexto, 0 apoio € a monitorizagdo de pessoas idosas, de preferéncia discre-
ta e ndo-invasiva, tem o potencial de automaticamente identificar alteragdes a sua
atividade doméstica que, potencialmente, possam corresponder a quedas, doengas
subitas, falta de toma de medicagdo, desorientagdo fisica, assaltos, etc. Neste segui-
mento, e igualmente importante, encontra-se o correspondente alerta aos cuidadores
(familiares ou institucionais), permitindo que estes tomem medidas atempadas que
mitiguem as suas consequéncias. Esta questdo da monitorizagdo relaciona-se com os
conceitos de telecuidados, teleassisténcia e telemedicina, os quais encerram valéncias
associadas aos cuidados de saude e apoio a vida das pessoas quando estas estdo nas
suas casas. As referidas valéncias sdo asseguradas por meios tecnologicos que permi-
tem a transferéncia, entre a comunidade (no sentido lato) e o paciente, de informacéo
relativa a servigos de diagndstico, terapia e monitorizacao [3].

Apds esta introducdo, na proéxima seccao do artigo apresenta-se a pertinéncia de se
utilizar a televisdo, tal como acontece no caso do ecossistema SecurHome TV, como
um elemento fundamental na monitorizagao da atividade doméstica. Na seccao III, as
componentes do ecossistema SecurHome TV so apresentadas, destacando-se o algo-
ritmo para a emissdo de alertas dirigidos ao cuidador. Na ultima secc¢do ¢ abordada a
interligag@o existente entre as infraestruturas do projeto coordenado SecurHome.

2 A Pertinéncia da Televisiao na Monitorizacao da Atividade
Doméstica

Tecnologicamente, os sistemas de telecuidados sdo, normalmente, suportados por
diversos dispositivos e solugdes a medida, entre os quais se destacam sensores de
sinais vitais, de queda, de presenga, bem como telefones fixos ¢ méveis. Adicional-
mente, assiste-se a uma interessante janela de oportunidade para incluir a televisdo, na
sua vertente interativa, nesta lista de dispositivos. A pertinéncia, desta oportunidade,
advém do facto de que a maioria das solu¢des de telecuidados, por forma a garantir
funcionalidades mais alargadas, implicam a introdu¢do de novos dispositivos na casa
das pessoas. Contudo, este facto pode condicionar, por um lado, a instalagdo e dispo-
nibilizagdo dos sistemas e, por outro, a propria motivacdo e aceitagdo por parte dos
futuros utilizadores [4]. Esta situacdo sera ainda mais sensivel para o piiblico sénior,
habitualmente menos disponivel para integrar novos dispositivos tecnologicos nas
suas rotinas diarias. Nesse sentido, as solu¢cdes de monitorizacdo remota e de telecui-
dados que se suportam na televisdo, um equipamento ja disponivel na esmagadora
maioria dos lares e substancialmente utilizado pelos seniores (em Portugal, a média de
consumo televisivo ¢ de 4H44m, sendo que as pessoas com mais de 64 anos represen-
tam mais de um quarto do perfil de audiéncia nacional) [5], apresentam vantagens que
poderdo ser decisivas para a generalizacdo destes sistemas.

Das diversas solugdes de televisdo interativa (comerciais ou protdtipos) existentes,
as que, potencialmente, mais t€ém contribuido para que o televisor seja encarado como
um dispositivo central num sistema de telecuidados, sdo aquelas que incorporam fun-
cionalidades relacionadas com a interag@o social e que se enquadram no dominio da
Social iTV [6], [7], [8], [9]. Com base neste tipo de aplicagdes, assim como em outras
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com caracter mais comercial, foram desenvolvidas diversas solu¢des que, pelos seus
objetivos, se enquadram no dominio dos telecuidados, tais como: eCAALYX [10];
BL Healthcare [11], T-Asisto [12], IDTV Health [13], Satde.come [14], AAL@MEO
[15] e +TVA4E [16]. Uma analise destes sistemas permite verificar que a maior parte se
suporta na abordagem de ligagdo a sensores adicionais ¢ ndo numa abordagem mais
transparente como a utilizada no SecurHome TV.

3 SECURHOME TV

O ecossistema SecurHome TV materializa-se no conjunto de trés aplicagdes cliente:

1. SecurHome TV - instalada em casa dos utilizadores seniores para registo das
suas interagdes televisivas e exibi¢ao de lembretes médicos.

2. SecurHome Admin - disponibilizada aos utilizadores cuidadores para gestao
dos seus dependentes e da emissdo de lembretes médicos.

3. SecurHome Mobile - disponibilizada aos utilizadores cuidadores para moni-
torizagdo dos seus dependentes e recegdo de alertas.

A Fig. 1 representa as ligagdes existentes entre estas aplicagdes, mediadas pelos
respetivos servidores IPTV e Web.

SecurHome TV- SecurHome Mobile

— —

SecurHome Admin

T8 mepe e

Fig. 1 — Representagdo das ligagdes existentes entre as aplicagdes do ecossistema SecurHome
TV

Do ponto de vista tecnologico, recorreu-se a um esquema de desenvolvimento ba-
seado em codigo, server-side, compativel com todas as aplicagdes e que permitiu criar
um ambiente de desenvolvimento integrado, capaz de responder eficazmente a estas
necessidades. A aplicacdo SecurHome TV foi desenvolvida com suporte a Presentati-
on Framework do middleware MediaRoom (©Ericsson). Para a implementagdo da
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aplicagdo SecurHome TV recorreu-se a Set-Top Boxes (STB) comerciais do sistema
de IPTV comercial MEO. O facto destas STB estarem equipadas com middleware
Mediaroom implicou que o desenvolvimento de codigo server-side tenha sido feito
em C#, enquanto que a aplicagdo SecurHome Admin (backoffice de todo o sistema)
foi desenvolvida com recurso a framework .NET. A aplicagdo SecurHome Mobile foi
desenvolvida também nesta framework.

O ecossistema SecurHome TV foi complementado com uma base de dados SQL na
qual estdo armazenados os dados relativos a todas as aplicagoes do projeto.

3.1 Algoritmo de emissao de alertas

O modo de funcionamento do algoritmo de geracdo de alertas para os cuidadores ¢
sequencial e cumulativo. Todos os utilizadores sdo analisados um a um pelo sistema
através de um conjunto de critérios sequenciais que podem, simplesmente, interrom-
per o processo ou fazé-lo seguir rumos diferentes consoante os dados analisados.

A aplica¢do SecurHome TV recolhe permanentemente informagdes diversas que
permitem tragar o perfil das atividades do utilizador, tais como:

e Horérios de login e logout na aplicagdo SecurHome TV;

e Historico de visualizagdo de canais televisivos;

e Historico de medicagdo com base nos lembretes que sdo despoletados na TV atra-
vés da aplicagdo SecurHome TV (horas de resposta e lembretes ndo respondidos);

e Historico de pedidos de emergéncia emitidos através do botdo de emergéncia exis-
tente no telecomando da aplicagdo SecurHome TV (estes pedidos sdo enviados, ao
respetivo cuidador, por email e SMS);

e Agenda de eventos médicos (consultas e exames);

e Historico de navegacdo dentro da aplicagdo (regista as areas a que o utilizador
acede e as respetivas horas);

e Lancamento e registo do painel de presenga, no qual ¢ perguntado ao utilizador se
este ainda esta a ver televisdo ao fim de 40 minutos, sem interagdo com a TV, per-
mitindo identificar situacdes em que este tenha adormecido.

O processo de analise de um utilizador passa por 3 fases. A primeira fase consiste
numa analise geral, idéntica para todos os utilizadores, onde sdo identificados alguns
parametros, como, por exemplo, se o utilizador sénior tem medicagdo em atraso. A
segunda fase considera o estado do utilizador na aplicagdo TV (online/offline) e, por
fim, a terceira fase consiste na geracao e disseminagao do alerta. Este faseamento, que
¢ repetido por uma rotina a cada 15 minutos, ¢ importante, uma vez que define uma
hierarquizagdo nos critérios, de forma a garantir a otimiza¢ao do cddigo e, por conse-
guinte, maior velocidade na analise dos utilizadores.

Existem cinco tipos de alertas, com graus de gravidade diferentes representados
por cores (verde - nivel 1, azul - nivel 2, amarelo - nivel 3, laranja - nivel 4 ¢ verme-
lho - nivel 5) que, na aplicacdo SecurHome Mobile (dirigida aos cuidadores), sdo
associadas ao perfil de cada dependente de forma a notificar o cuidador do nivel de
alerta em que estes se encontram (Fig. 2).
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Fig. 2 — Exemplos de ecrds da aplicagdo SecurHome Mobile (ecrd inicial; informagdes gerais
de um dependente; informagao sobre o alerta)

4 Conclusoes e Trabalho Futuro

O ecossistema SecurHome TV ¢ constituido por trés aplicacdes cliente (IPTV, PC
e mobile) destinadas a utilizag@o pelos seniores e pelos seus cuidadores. O algoritmo
de emissdo de alertas esta dependente destas aplicagdes para que possa funcionar de
forma adequada e direcionada. Como foi explicado, este algoritmo deteta desvios ao
padrdo da atividade diaria dos seniores e, com base na gravidade desses desvios, sdo
gerados e enviados alertas para os cuidadores com o objetivo de acautelar situacdes de
emergéncia com os idosos.

Antes do ecossistema SecurHome TV ser disponibilizado em casa de utilizadores
reais, foi efetuada uma extensa bateria de testes de validacao do algoritmo de alertas,
que sera apresentada num futuro artigo.
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Abstract. The remote control, a device that is already part of everyday life, is
still the preferred via of interaction with the TV-set. However, using the remote
control can sometimes be difficult or even impossible for certain users, such as
older adults, who may have slightly to moderated difficulties related to fine motor
skills or cognitive skills. Some of the difficulties in using the remote control come
from memory problems, deterioration in the coordination of movements, tremble
hands, grasping issues, finger imprecision and visual impairments. In this
context, the aim of this study was to understand in detail the difficulties that older
adults have using the remote control and what alternative solutions have been
adopted to overcome these problems. Thus, a review of studies from the last five
years was carried out, in order to understand how the remote control physical
interface is composed, for what functions or operations it is usually used, what
are the main impairments on its use and what solutions, or requirements were, or
might be, adopted to help older adults to use the remote control leading them to
a better user experience.

Keywords: Older Adult, Remote Control, Interface.

1 Introduction

The television is currently found in most people's homes, being the most used audio-
visual media and one of the favourite technologies of the Portuguese population [1].
With the evolution of ICT's (Information and Communication Technologies), people
started to have more forms of interaction with television [2], being able to control
contents such as notifications that appear on the screen [3] or contact other users
through social networks [4]. To control these contents, it is normal to resort to the
remote control, being a common electronic device that is part of everyday life [5].
Although this marriage between the television and the remote control allows reaching
a considerable part of the population, the use of the remote control as the only form of
interaction sometimes makes it difficult, or even impossible for certain audiences to use
certain television applications, such as people with issues on fine motor skills [6]. [7]
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add that the increase in forms of interaction, functions, and multi-modal input methods
on television generate exclusion of people like older adults, who have decreased
perceptual, cognitive, and/or motor skills, as well as lack of experience in the use of
new technologies. [8] corroborate this last statement, saying that modern products
appear with more and more functions, making it difficult for older adults to use these
products when they have physical and psychological restrictions. With regard to motor
abilities, authors address that older adults have difficulties handling the remote control
due to limitations in hand dexterity and precision, to perform tasks such as zapping on
television [9] [10] [5]. Authors such as [11] and [5] also highlight the visual impairment
of older adults, who have difficulties seeing small symbols, labels and other graphic
elements that may exist on the remote control. [12], in his thesis “Principios
orientadores de design de interfaces para aplicacdes itv orientadas para seniores
Portugueses” (translated from Portuguese as “Guiding principles of interface design for
itv applications targeted at Portuguese seniors”), addresses not only the reduction of the
execution precision of movements in an older adult, but it also addresses the
deterioration in the coordination of movements, causing older adults the need to look
at the remote control to first interact and then look at the television screen to see the
interface's reaction to the interaction made on the remote control. This implies the need
to include animations and movement of graphic elements from one point to another in
a relatively slow way. This action, according to [12], allows the older adult user the
time needed to shift their attention between the remote control and the television. In
this context, elderly users are one of the most important user groups for product
designers, so for interface design, in this case of the remote control, one should not only
consider aesthetics issues, but also intuitive operation and interaction issues [13]. It is
also important to consider older adults in the development of technologies for
television, since television is the main technology of this user group for accessing
information and entertainment [3]. Although there is already a good amount of research
regarding the interaction of older adults with television, it is essential to demonstrate
which are the most recent approaches to the use of the television remote control by
older adults. Thus, a review of the literature that addresses this field will be made,
providing a clear knowledge about the characteristics of the remote control, identify the
main problems that the physical and cognitive decline caused by aging causes in the
use of the remote control, understand how older adults often use the remote control and
what measures have been taken to help this population use or replace the remote control.
In the end it is intended to have final remarks regarding the results obtained and
perspectives for future work.

2 Method

A systematic review was carried out to analyze articles that address remote control and
the difficulties in its use by the older adult population. For this review, the PRISMA
Statement [14] was used. A review of articles written in English and Portuguese and
published in the last 5 years (between 2016 and 2020) was carried out, being selected
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those that address, at least, the use of the remote control. These results were
subsequently filtered in order to find articles that address any user difficulties in using
the remote control. From this data treatment, the conditions are provided to understand
which interface exists in the remote controls used in the different studies, how the
different authors characterize the use of the remote control by the older adult
population, what are the main limitations that the authors encountered when older
adults use the remote control and what possible solutions have been adopted. To obtain
these data, a research was carried out using the SCOPUS and Web of Science databases,
using the following keywords in the search: (“senior*” OR “older people” OR “elder*”)
AND ( “interactive television” OR “itv” OR “interactive tv’ OR “tv”” OR “television”)
AND (“remote control*” OR “remote*” OR “control*” OR “tv remote*” OR “tv
remote control”). Regarding the inclusion criteria, all articles addressing people with a
physiological, social or psychological decline were included, which, despite being
common in older adults due to the natural process of aging [15] [16], this does not
exclude presence of this loss of skills in younger age groups. All articles that do not
address interaction, remote control or television projects aimed at older adults were
excluded. Regarding the study selection and data extraction, the results were obtained
from a detailed review of the titles and abstracts of the various articles, excluding all
documents that did not meet the pre-established requirements. Articles that were not
available for review or that are in duplicate were also excluded.

3 Results

From this research, 1120 potentially eligible articles were found, 439 from the Web of
Science and 681 from SCOPUS databases. After a refinement by date range, subject
area and keywords, it was possible to obtain 98 results (28 results from Web of Science
and 60 results from SCOPUS). After removing duplicates (13 articles were removed,
i.e., n = 13), results that do not address interaction, remote control, television projects
oriented to older adults or that are not available for review (n = 66), 19 articles were
obtained. At the end of the refinement process, articles that do not address limitations
in the use of remote control by older adults or by other people with similar limitations
(n=11) were also excluded, eventually obtaining 8 articles that satisfy the requirements
for this research, i.e., that address the constitution of a remote control, its functions and
operations, limitations in use and possible solutions. The refinement process carried out
for this research is illustrated in Fig. 1.

4 General Findings

The results found in the 8 selected articles, which address the use of remote control by
older adults or other people with similar limitations, were organized in a table! by
reference with author and article names, and by topics like the characterization of the

' To consult the table with all the obtained data about the use of remote control by seniors or

other people with similar limitations, access the URL: https://zenodo.org/record/4284658
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remote control interface, functions and operations where the remote control is used,
main issues in using the remote control and solutions adopted to help the user to use
the remote control.
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Fig. 1. PRISMA flow diagram [14].

In order to understand these topics that were used to organize the table, subsections
that present the results obtained in the 8 selected studies will be presented below.

4.1 Remote Control

In order to understand the use of remote control by older adults, one must first
understand the type of remote control that is used to operate the television. Of the 8
selected articles, it was possible to identify that the remote controls consist of a
numerical keypad and a set of functional keys [13] [7] [8], and its interface can be
simplified if the numerical keypad is removed and maintaining only a few functional
keys, such as directional keys, the “ok” button and the back button [17] [7] [18]. Data
were also found that identify the replacement of the remote control buttons by touch
screen solutions [9] [7] and the replacement of the remote control by objects that
provide a more natural multimodal interaction [19] [5].

4.2  Functions and Operation

This section aims to understand what functions the remote control is used for and how
it is operated. Of the 8 selected articles, the most performed operations were changing
the channel or volume (5 articles were found, i.e., n = 5) and changing the channel
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without resorting to the numerical keypad (n = 5). The second most common operation
with the remote control was the need to start by pressing the power button before
changing channels / volume (n = 3) and use the numerical keypad to change channels
(n = 3). The least performed operation with the remote control was the need to press
the “ok” button after finishing an operation such as changing the TV's channel / volume
(n = 2). Regarding the functions that are performed on television, all articles address
operations that translate into watching live television, and can be complemented with
content from smart TV, such as content search, screen mirroring, accessing video
libraries and accessing applications or games (n = 4).

4.3 Impairments

After analysing the remote control and what operations or functions can be performed,
the conditions are provided to understand any impairments in the use of the remote
control. However, one must first consider the characteristics of the user on study, who
has impairments at the physical (n = 6) and cognitive (n = 4) levels. Of the 8 selected
articles, users have: memory problems and need more time to learn [13] [7]; present
tremble hands, grasping issues, finger imprecision and visual impairments to see small
content [9] [5] [8]. In this context, these users have difficulty using remote controls
that: Have too many functions or have rearrangement of the buttons on the remote
control (n = 2); They have small labels, symbols and buttons, and they have little or no
gap at all between them (n = 5). It is noteworthy to add that the difficulty increases
when using a remote control with small buttons while standing up [8] and that small
buttons can lead to a miss click [7]; They use directional buttons to operate like a mouse
/ keyboard on a smart TV (n = 3), although physical keypads of the traditional RCs are
also uncomfortable, since it requires intense concentration [7]; They do not properly
present information to understand how to use it (e.g. simplified remote control), just as
it is ineffective to use on-screen instructions, since older adults frequently ignore it [7].
Other identified issues about the remote control are that the layout cannot be changed
based on personal preference, it is easy to get lost, does not have a backlight and
requires a stiff posture to avoid losing the infrared signal [7]. Alternatives to the
conventional use of remote control have also been identified in articles, such as the use
of voice commands [17] or the touchscreen to adapt the remote control interface [7].
However, the first solution has low recognition accuracy and the second lacks haptic
feedback, requiring more attention-switching from the user.

4.4  Solutions

Of the 8 selected articles, one of the solutions that was most used was to make the
remote control interface simpler and clearer (n = 4), removing the numeric buttons
(including some dedicated function keys) and navigating with the back and forward
buttons (n = 3). Other solutions found to simplify remote control were the use
application’s mirroring [19]. Another solution that was found in the selected articles
was the redesign of the shape of the buttons (n = 4), such as increasing the size of the
buttons [9] [18]. If it is not possible to increase the size of the button, a square-shaped
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button will be easier to press [8]. Another point to consider is that press buttons should
be set up independently [13] and be distinguishable [8], with enough gap between the
buttons to not cause confusion to the user. Buttons should also be grouped according to
their functions [7] [8], allowing for faster use of the required buttons. It was also
proposed as a solution a way to help the user to understand the remote control interface
(n = 3), despite due to past experience, older adults are used to pressing buttons without
texts or indicator symbols [13]. Enhanced colors, higher contrast of the colors and
assistive messages (if written, readable fonts should be used) are some of the solutions
for visual and audible feedback/cues [19] [18], as well as adding visual drawings that
support the textual description [18]. Regarding the remote control itself, it should fit
perfectly in the palm of the hand and be possible to be used with only one hand [5] [18].
If none of the previous solutions meets the user's needs, alternatives to remote control
have also been identified. For example, the click on a button can be replaced by
different input modalities (n = 5), such as voice commands (n = 4), Gestures (n = 3),
eye-free interactive technologies [7], gaze and the use of gyroscopes and
accelerometers [18]. Another option is to replace the remote control with a touch screen
device, making it possible to adapt the remote control layout according to the user's
needs [7] [8]; or use a cube to replace the “click” with the natural movement of this
object, whose face at the top will play a role on television [5].

5 Final Remarks

This systematic review made it possible to understand the use of remote control by
older adults, as well as to understand how the interface based on the remote control is
composed and what operations or functions are used for. Regarding the use of the
remote control, it was possible to verify that the main difficulties in its use come from
both physical and cognitive problems of the user, as well as the interface of the remote
controls not being properly designed for this population, being possible to conclude that
these devices have room for improvement to provide a better user experience. In this
context, the solutions proposed by the different authors were observed, which are
mainly based on the simplification of the interface and the redesign of the buttons.
Regarding the interface based on the remote control, it was possible to verify that it can
be composed by a set of functional keys and have or not the numerical keypad.

It has also been demonstrated that the remote control can be replaced by a
touchscreen device (such as a smartphone), allowing greater flexibility of the new
remote control layout according to the user needs. Another suggestion is to use assistive
technologies for natural interactions, replacing the “clicking” of the buttons on the
remote control by more than one type of input modalities, such as voice commands,
gestures or gaze. It can also be replaced by objects such as a cube, which perceives the
causal movement, where to rotate the object means to perform a function. However, it
must be considered that these solutions also feature their own limitations. Regarding
the usefulness of the remote control, it is used in particular to switch channels and
volume of the television, preferably using functional keys when compared to numerical
keypad. When the remote control is used to explore the contents of the smart tv, the
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functional keys are also used. Understanding how the remote control is constituted and
realizing what it is used for, the conditions are given to understand the main problems
in the use of the remote control and what solutions, or requirements were suggested in
the different articles selected for this review. Regardless of the conclusion obtained, it
should be considered that this study has the potential to be enriched with a more
profound research. The next task is to analyze with a more practical approach, taking
into consideration to: Mention the main approaches of the different authors to justify
the advantages of using a more simplified remote control interface; Demonstrate
examples of remote controls already on the market; Explain in detail the constitution of
the different remote controls identified in the studies selected for this review; And cross
the data between the impairments in the use of the remote control and the solutions and
requirements found in this review.
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Resumo. O envelhecimento progressivo da populagdo ¢ um fendmeno confir-
mado da atualidade. Neste contexto, um dos maiores problemas do ptblico sé-
nior ¢ a degradacdo da sua qualidade de vida no decurso do seu processo de en-
velhecimento. Assim, a promogdo continuada da sua independéncia e autono-
mia permitird a manutengdo eficaz da sua integracdo na sociedade e ird contri-
buir de forma positiva para o acréscimo da sua qualidade de vida.

A experiéncia de interagdo com a TV apresenta-se como uma atividade do quo-
tidiano pouco intuitiva e complicada para a maioria dos seniores. Neste enqua-
dramento, a mediacdo tecnoldgica pode desempenhar um papel importante na
resolucdo deste problema.

O cubo SIX ¢ uma interface tangivel, sob a forma de um cubo, que possibilita a
mudanga de canal e a realizag@o de outras a¢des de interagdo com a TV, quando
uma das 6 faces esta voltada para cima, constituindo-se como uma solugdo al-
ternativa ao telecomando de TV. O presente artigo reporta o processo de idea-
¢do e prototipagem do SIX 2.0, uma versdo que visa melhorar a proposta de in-
terface tangivel original. As funcionalidades, morfologia e estética do prototipo
inicial foram aperfeigoados e foi realizado um estudo de caso com um utilizador
final sénior em contexto real de uso doméstico.

Palavras-chave: Interface tangivel, Televisdo, Cubo, Impressdo 3D, Teleco-
mando, Seniores.

1 Introducio

O envelhecimento da populagdo é uma realidade indiscutivel ¢ mundialmente trans-
versal. Em 2025 havera 1.2 bilides de pessoas com mais de 60 anos, o que representa
um crescimento de 223 por cento face a 1970. Em 2050 esse niumero ascendera a 2
bilides de pessoas [1]. Em Portugal, observa-se uma tendéncia muito semelhante [2].
O aumento da esperanca média de vida pode e deve ser acompanhado pela quali-
dade de vida dos seniores. Essa qualidade de vida apenas é alcancada se as pessoas
forem independentes e autonomas nas tarefas basicas do dia-a-dia. Para que os senio-
res possam viver no seu domicilio e consigam realizar atividades do quotidiano, ¢é
necessario criar condigdes adaptadas a realidade do meio e as caracteristicas de cada
um. Apesar de, em muitos casos, os seniores terem ao seu dispor tecnologia que os
ajudaria tanto no desempenho de determinadas tarefas didrias, como em momentos de
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lazer, essas solu¢des ndo sdao adaptadas as suas necessidades. Um exemplo desse tipo
de dispositivos ¢ o telecomando de TV.

Os telecomandos de TV atuais dispdem de um grande numero de funcionalidades,
o que se reflete em interfaces complexas com varios botdes e pouco espagamento
entre eles. Este facto, leva a que tarefas tdo simples como aumentar o volume ou mu-
dar de canal sejam dificeis de executar por seniores. Outro problema, ¢ o facto de
haver uma grande inconsisténcia entre a disposi¢@o dos botdes dos controlos remotos
das inimeras marcas que operam no mercado [3].

Existe, porém, um caminho recente de inovagdo que podera ser a resposta para
promover uma melhor interag@o entre seniores ¢ interfaces TV. Este caminho advém
da emergente tendéncia de utilizar objetos ja disponiveis no meio fisico e adicionar-
lhes tecnologia, de modo a permitir uma interacdo mais natural.

2 Trabalho Relacionado

O prototipo SIX demonstra o aproveitamento de interfaces tangiveis para melhorar a
qualidade de vida dos seniores, mais concretamente, a sua interagdo com a TV [4]. O
referido prototipo decorre de um projeto que foi desenvolvido por membros da unida-
de de investigacdo DIGIMEDIA com financiamento privado da Alticelabs@UA,
entre os anos de 2017 e 2018. O SIX ¢ uma interface tangivel sob a forma de um cu-
bo, a qual possibilita que os seus utilizadores mudem de canal e realizem outras agdes
de interacdo com a TV, através da a¢do de voltar uma das 6 faces para cima. No ambi-
to do desenvolvimento do prototipo SIX foram realizados testes de usabilidade num
Centro de Dia, os quais demonstraram resultados positivos na interagdo dos seniores
com esta interface tangivel. Tendo em vista as potencialidades deste projeto, a presen-
te investigacdo visa dar continuidade ao mesmo, aproveitando as suas caracteristicas e
potenciando os seus aspetos positivos.

O controlo de dispositivos por voz ¢, atualmente, uma alternativa aos controlos de
interfaces convencionais bastante utilizada no quotidiano, quer em contexto domésti-
co quer, por exemplo, no mercado automével. No ambito doméstico, ressalva-se o
trabalho realizado por bt Aripin e Othman [5] que consiste no controlo de aparelhos
domésticos através de comandos de voz. Este projeto utiliza o smartphone como dis-
positivo de entrada de voz, enviando esse comando para um Arduino que utiliza o seu
moddulo Bluetooth para processar a rece¢do desse sinal e, finalmente, o emitir para o
aparelho com o qual o utilizador pretende interagir.

Outra forma alternativa de controlo remoto ¢ a utilizacdo de eye tracking. Esta ¢
uma tecnologia, através da qual o movimento dos olhos ¢ registado por um mecanis-
mo que identifica para onde o utilizador estd a olhar, como também faz um registo da
movimenta¢do do foco de um local para o outro [6]. O trabalho de Bissoli et. al [7]
evidencia a aplicagdo da tecnologia eye tracking para controlar e monitorizar uma
habitacdo utilizando a internet das coisas. Através desta interface, os utilizadores po-
dem controlar diversos aparelhos domésticos, tais como sistemas de iluminagao, tele-
visdo, ventilador e radio.

A. Pinho, M. Vairinhos, A. P. Oliveira, O. Mealha
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3 Metodologia

No decorrer desta investigagdo foram aplicadas varias abordagens metodologicas para
a ideagdo, desenvolvimento, prototipagem e avaliagdo do SIX 2.0, por forma a nutrir
com rigor o conhecimento gerado com este processo de investigacdo. Os métodos
e/ou técnicas de investigagdo e desenvolvimento de produto foram o design centrado
no utilizador [8], o design de experiéncia [9] e o goal-directed design [10].

A metodologia que enquadra este estudo conduziu a uma abordagem metodologica
composta por varios métodos e técnicas de investigacao e desenvolvimento. A dimen-
sdo empirica realizada teve trés fases distintas: i) entrevistas exploratoérias; ii) desen-
volvimento do prototipo através de testes e sua configuracdo; e iii) avaliacao através
de um estudo de caso em contexto doméstico com utilizador final.

Com