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Resumo

Ambientes de Educacdo a Distancia (EaD) proveem ferramentas para apoiar atividades de
ensino e aprendizagem de cursos presenciais, semipresenciais e a distancia, utilizando a
infraestrutura da Web para disponibilizar suas funcionalidades aos usudrios. As ferramentas
existentes nesses ambientes oferecem a manipulacdo de midias ricas, como imagem, dudio e
video, possibilitando a criacdo e visualizacdo de conteddo pelos usudrios; cujas interfaces de
usudrio foram projetadas para ter boa usabilidade em computadores convencionais, equipados
com os dispositivos de entrada teclado e mouse e como dispositivo de saida um monitor de
tamanho médio com alta resoluc¢do. Por utilizarem a Web como meio de acesso, os ambientes
estdo suscetiveis ao acesso por uma variedade de dispositivos, inclusive os modveis que
possibilitam utilizar as funcionalidades do ambiente a qualquer hora em qualquer lugar. Ressalta-
se que os dispositivos moéveis sdo equipados com telas sensiveis ao toque e/ou caneta,
modalidades de entrada ndo existentes em um computador convencional. Portanto, os ambientes
de EaD necessitam suportar diversas modalidades de interacdo, que serdo utilizadas pelos
usudrios considerando o seu objetivo, o dispositivo, o contexto fisico e social. Projetar uma
interface especifica para cada dispositivo ndo € uma tarefa trivial e resulta em um alto nimero de
linhas de codigo que devem ser mantidas; assim propomos a ado¢do da multimodalidade. A
abordagem de pesquisa adotada contempla: (i) revisdo da literatura sobre conceitos fundamentais
da area de Interacdo Humano-Computador e multimodalidade; (i1) investigacdo dos problemas de
interacdo que ocorrem ao acessar ambientes de EaD por modalidades que nao foram consideradas
durante a especificagdo de sua interface; (iii) desenvolvimento de uma ferramenta que aproveite
os beneficios das modalidades de entrada caneta e multitoque; (iv) elabora¢do de uma arquitetura
para ambientes de EaD com interacdo multimodal. Percebeu-se que o impacto da
multimodalidade pode ir além de possibilitar acesso por diversos periféricos de interacdo,
podendo surgir novas funcionalidades que podem apoiar a produciao de conteiidos que antes era
dificil, ou impossivel, de serem produzidos nos ambientes.

Palavras-chave: Interacdo Humano-Computador, Informatica Aplicada a Educac¢do, Ambientes
de EaD, Interacdo Multimodal, Usabilidade, Mobilidade e Dispositivos Mdveis.
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Abstract

e-Learning Environments provide tools to support teaching and learning activities in
classroom, blended or on-line courses, by using the infrastructure of the Web to provide its
functionality to users. The tools in these environments offer the handling of rich media such as
image, audio and video, allowing the creation and visualization of content; their user interfaces
were designed to have good usability using a desktop computer with keyboard and mouse as
input devices and a high-resolution medium-size display as output devices. By using the Web as
a means of access, these environments are susceptible to access by a variety of devices, including
mobile ones that enable users to use the environment anytime and anywhere. It is emphasized
that the mobile devices are equipped with touch and/or pen input modalities, two modalities that
do not available on desktop computers. Therefore, e-learning environments need to support
different modes of interaction, which will be used by the users considering their goal, the device,
and the physical and social context. Designing a particular interface for each device is not a
trivial task and results in a high number of code lines that must be maintained, and then we
propose the adoption of multimodality. The research approach adopted contemplates: (i)
literature review about fundamental concepts of Human-Computer Interaction and multimodality;
(11) investigation of the interaction problems that occur when accessing e-learning environments
with modalities that have not been considered in the design process; (iii) development of a tool
that take the benefits of pen and multitouch input modalities; (iv) proposal for an architecture for
distance education environments with multimodal interaction. We noticed that the impact of
multimodality can go beyond enabling access for various peripherals and may emerge new
functionalities that support the production of content that were difficult before, or impossible, to
be produced in the environments.

Keywords: Human-Computer Interaction, Informatics Applied on Education, e-Learning
Environments, Multimodal Interaction, Usability, Mobility and Mobile Devices.
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Capitulo 1

Introducao

Este Capitulo apresenta o contexto geral do trabalho desenvolvido, a drea de estudo o
qual se vincula, bem como definicdes para os principais conceitos adotados ao longo do seu
desenvolvimento.

1.1 Contextualizacao

A Interagdo Humano-Computador (IHC) ¢ “a disciplina preocupada com o design,
avaliacdo e implementacdo de sistemas computacionais interativos para uso humano e com o
estudo dos principais fendmenos ao redor deles” (ACM SIGCHI, 1992, p. 6; Rocha e
Baranauskas, 2003). Segundo Barbosa ¢ da Silva (2010) a area de IHC esta “interessada na
qualidade de uso desses sistemas € no seu impacto na vida dos seus usuarios”, e complementam:

“De acordo com Hewett e seus colegas (1992), os objetos de estudo de
IHC podem ser agrupados em cinco topicos inter-relacionados: a natureza
da interacdo humano-computador; o uso de sistemas interativos situado
em contexto; caracteristicas humanas; arquitetura de sistemas
computacionais e da interface com usudrios; e processos de
desenvolvimento preocupados com o uso” (Barbosa e da Silva, 2010, p.
10).

Segundo a IHC, projetar uma interface, ou seja, fazer um design de interface, € uma
atividade que envolve conhecer: (i) a tecnologia e suas restricdes; (ii) os usudrios, seus
conhecimentos, suas preferéncias e limitagdes; (ii1) a drea da aplicacdo e as tarefas que serdo
realizadas por meio do dispositivo computacional; (iv) o contexto de uso, além de ferramentas
adequadas para apoiar o processo de desenvolvimento da interface de usuario. Conforme Barbosa
e da Silva (2010) afirmam “Conhecer essas tecnologias e dispositivos ¢ fundamental para sermos
capazes de propor, comparar, avaliar e tomar decisdes sobre formas alternativas de interacdo com
sistemas computacionais” (p. 10). Apesar da variedade de conhecimentos necessarios para se
desenvolver uma interface de usuério, Shneiderman (2006) descreve que “o desafio dos
projetistas € compreender com mais profundidade o que o usuario deseja.”

Ainda segundo Barbosa e da Silva (2010) a “IHC se beneficia de conhecimentos e
métodos de outras dreas fora da Computacdo para conhecer melhor os fendmenos envolvidos no
uso de sistemas computacionais interativos” (p. 12). A IHC ¢, portanto, uma drea
multidisciplinar, envolvendo pesquisadores das dreas de Ciéncia da Computacdo, Psicologia,
Ergonomia e  Fatores Humanos, Engenharia, Design, Semidtica, Etinografia,



Sociologia e Linguistica, cujo foco € o ser humano interagindo com a tecnologia. Sustentada por
essas areas, a IHC se desenvolveu em relacdo a vdrios aspectos: paradigmas de interacgdo,
hardware e as suas possibilidade de aplica¢do, compreensao de métodos para o desenvolvimento
e avaliacdo das interfaces de usudrio, compreensdo do impacto da ado¢cd@o de um sistema
computadorizado, papel social da tecnologia, entre outros. Mas é necessdrio compreender algo
que também evolui: o hardware, as dreas de aplicacdo e, principalmente, os anseios das pessoas
em relacdo ao que podem realizar com um dispositivo computacional. Se antes projetava-se
interfaces para um nimero conhecido de usudrios, hoje projeta-se para milhdes de pessoas. Se
antes projetava-se interfaces para apoiarem o trabalho, hoje a computacdo € aplicada em vérios
nichos diferentes: educagdo, saide, governo, entretenimento (Shneiderman, 2006).

Assim, muitos desafios ainda persistem e envolvem a variedade de usudrios, de
hardware e de contextos de uso:

“... os profissionais da “nova informatica” ainda terdo muito trabalho pela
frente. Terdo de dar resposta a dificil questdo: Como tornar as tecnologias
de informag¢do e comunicacao utilizaveis por todos os usudrios?

O design para usudrios frequentes e experientes € bastante dificil, mas o
design para uma ampla plateia de iniciantes é um desafio muito maior.
Passar de uma mala-direta com o cadastro de cem engenheiros de
software para cem mil professores escolares e para cem milhdes de
eleitores registrados demandara inspiragao e transpiragdo.” (Shneiderman,
2006, p. 31-32)

“Manter uma ampla gama de hardware, software e redes ndo € tarefa
facil. O trabalho é ainda mais desafiador quando se considera as
necessidades de conciliar os antigos hardware e software e apresentar
novos dispositivos e ambientes.” (Shneiderman, 2006, p. 58)

Preece et al. (1994) ja apontavam esses problemas: como dar conta da rdpida
evolucdo tecnoldgica? Como garantir que os design oferecam uma boa IHC ao mesmo tempo que
exploram o potencial e funcionalidade da nova tecnologia?

Mas o que seria “a nova tecnologia” nos tempos atuais? Kugler (2008), apoiado em
relatérios do grupo Gartner?, descreve que um dos grandes desafios para a drea de Tecnologia da
Informacao e Comunicagdo (TIC) nos proximos 25 anos sdo as interfaces naturais e ndo-titeis € a
traducdo automadtica da fala. Esse desafio, somado a tendéncia em trocar gradualmente o mouse
por interfaces alternativas emergentes que trabalham com reconhecimento facial, movimento e
gestos (Hayes, 2008) trazem novos desafios para a drea de IHC, conforme ja apontavam Preece et
al. (1994). E o impacto pode ir além do uso do equipamento pelo homem:

“As novas tecnologias da informatica incluiriam displays do tamanho de
uma parede, aplicados para palmtops, minis sensores médicos parecidos

2 O grupo Gartner oferece consultoria e realiza pesquisa na drea de tecnologia de informagdo, oferecendo
informagdes sobre tendéncias e aconselhamento a clientes desde 1979. Mais informacdes em
http://www.gartner.com.




com joias e computadores sensiveis ao tato que mudam experiéncias
sensoriais e formas de pensar.” (Shneiderman, 2006, p. 21)

Assim, projetar um software cujo tempo de vida percorrerd décadas exige projetar
uma interface que também se adeque as evolugdes da época e possibilite boas experiéncias ao
usudrio com o passar dos anos. Logo € necessério ir além de possibilitar o acesso as ferramentas
de TIC usando um dispositivo qualquer. E necessario considerar que o nimero de periféricos estd
aumentando ao longo dos anos e possibilitando que usudrios interajam com as aplicacdes de
forma diferente da habitual.

E, portanto, pensando na adaptagio a evolugio que este trabalho de tese se insere.
Pode-se pensar que ndo existem aplicagdes que perdurem tanto tempo, mas € suficiente pensar
nos Sistemas Operacionais para quebrar esse argumento. Os Sistemas Operacionais também sao
software que possuem interfaces de usudrio e que se adequam as mudancgas de tecnologia e de
preferéncia dos usudrios. Por exemplo, o sistema operacional Windows, desde o seu lancamento,
sofreu diversas mudangas. Ao longo do tempo “ditou” como deveria ser uma interface grafica
para computadores de mesa (desktops) e, inclusive, seu modelo foi migrado para um dispositivo
movel, o palmtop e o sistema operacional Windows CE. Por ndo considerar as particularidades
do dispositivo (a pequena tela e o modo de entrada de dados por caneta) e, com o surgimento de
outros sistemas operacionais para dispositivos moveis projetados para uso em telas sensiveis ao
toque, o padriao adotado foi baseado nesses outros sistemas operacionais. Em 2012, com o
lancamento da versdo 8, a interface do SO Windows foi aproximada das interfaces dos sistemas
operacionais de dispositivos mdveis que se tornaram padrdo. Motivo: ter um modelo de interface
de sistema operacional semelhante para qualquer dispositivo.

Essa ndo foi a primeira tentativa da Microsoft em produzir um sistema operacional
cuja interface apresente caracteristicas semelhantes entre vérios dispositivos. Desde a versao XP,
a Microsoft modifica gradualmente o seu sistema operacional para atender aos usudrios de Tablet
PC, dispositivo equipado com caneta eletronica. Inicialmente, isso foi feito com pequenas
modificagdes relacionadas a0 mapeamento das acdes da caneta com agdes do mouse (movimentar
o cursor, clicar com o botdo esquerdo e com o botdo direito) e alguns aplicativos que estimulam o
uso da caneta (notadamente o Windows Journal, software desenvolvido para tornar o computador
um caderno digital). Com o passar dos anos, a Microsoft foi incluindo modificacdes no seu
sistema operacional para se adaptar ao uso da caneta. Este € o caso das caixas de selecdo no
Windows Explorer (software que possibilita a navegacdo entre diretérios e a visualizacdo dos
arquivos em uma unidade de armazenamento), pois se o usudrio estd utilizando a caneta com a
mao ndo poderd utiliza-la para pressionar a tecla CTRL ou SHIFT do teclado (teclas utilizadas
para indicar ao navegador de arquivos que mais de um arquivo deve ser selecionado). Atualmente
o Tablet PC possui, além da interagdo a caneta, interagdo por multitoque, o que torna ainda mais
desafiadora a adaptagdo da interface para essa variedade de periféricos.

Pode-se pensar que essa complexidade estd relacionada somente aos computadores
pessoais. Entretanto, a Internet € utilizada por uma variedade de dispositivos, tornando-se assim
um espaco de interacdo de multiplas tecnologias. Na rede encontram-se usudrios de desktops e
laptops (em sua maioria), mas o nimero de usudrios de dispositivos moveis de pequeno tamanho
estd aumentando gradativamente. A Internet, forjada para os computadores convencionais, serda



acessada cada vez mais por usudrios de dispositivos nao convencionais, como celulares
inteligentes (smartphones), console de jogos e tablets, sobre os quais ndo podemos dizer muito a
respeito das suas caracteristicas em relacdo aos periféricos de interagdo. Mas a expectativa dos
usudrios é que as paginas Web deverdo ter seu conteddo acessivel por esses dispositivos e a
mesma experiéncia (sendo melhor) devera ser oferecida.

O processo de design de interfaces de usudrio nesse contexto se torna uma tarefa tao
dificil, para ndo dizer mais dificil, do que a situacdo atual. As aplica¢des precisam evoluir nesse
novo cendrio e se adequarem ao hardware que o usudrio esta utilizando, garantindo a experiéncia
por ele esperada e o surpreendendo de forma positiva. Tomemos por exemplo o Tablet PC, no
qual a caneta, um de seus dispositivos de entrada, é utilizada como um dispositivo de
apontamento durante a navegacdo de paginas Web. Ao ser usada apenas como um dispositivo de
apontamento ndo € possivel usd-la para desenhar ou escrever um texto manuscrito, uso original
da caneta fora do mundo digital. Nesse caso, para obter o potencial da caneta no mundo digital, é
necessdrio resgatar o proposito para o qual ela foi concebida, ou seja, escrever. Mas é importante
manter uma consisténcia para tornar a interface mais féacil de ser utilizada, conforme afirma
Shneiderman:

“O software nao deveria ser projetado de forma que os usudrios pudessem
operar o mesmo programa de calenddrio em um palmtop, laptop ou
computador do tamanho de uma parede?”” (Shneiderman, 2006, p. 58)

Refletindo a respeito dessa frase de Shneiderman, embora a consisténcia de uso deva
ser mantida para tornar o uso da aplicagdo mais ficil, ndo podemos operar da mesma forma em
dispositivos que utilizam periféricos de interacdo muito diferentes. A caneta deverd ser usada da
mesma forma que o teclado? Se assim o afirmarmos, ndo usaremos a caneta para desenhar, e
negaremos a evolucdo tecnoldgica, restringindo-nos ao que ji foi criado. Mas, certamente, um
nivel de consisténcia devera ser adotado por ser um dos principios fundamentais de design da
interacao.

1.2 Conceitos

Ao longo deste estudo adotamos um conjunto de conceitos cujos significados sdo
apresentados a seguir.

Como campo de estudo propomos as tecnologias na educagio, mais especificamente,
os ambientes de EaD, tipo de software que se encaixa na categoria de TICs, os quais,
acreditamos, podem se beneficiar da diversidade de dispositivos. Os ambientes de EaD sofreram
varias mudancas tecnoldgicas moldadas pelos avangos tecnolégicos e necessidades de seus
usudrios nas dltimas duas décadas, seja em relacdo a interface de usudrio, seja na disponibilizacao
de ferramentas.

Considerando as vdrias defini¢des para e-Learning (do inglés eletronic learning, que
significa aprendizado eletrOnico) encontradas na literatura, trazemos a de Lima e Capitao (2003)
que discutem o significado desse conceito e sua abrangéncia, afirmando que nao existe consenso
entre autores.



“Na pratica, o e-Learning é qualquer experiéncia de aprendizagem
distribuida via Internet, Intranet, Extranet, CD ou DVD-ROM, pois o
fundamental do e-Learning ndo é a tecnologia mas sim a forma de
ensinar. Embora o e-Learning combine tecnologia e pedagogia, o
importante € a experiéncia vivida pelo aluno na aprendizagem. Além
disso, nem todo tipo de conteudo requer interac¢do social” (Lima e
Capitao, 2003, p. 38)°

O e-Learning se refere ao uso da tecnologia eletronica, mais precisamente, as
ferramentas de TIC na educacdo, independente se é aplicado em cursos formais ou informais;
presenciais, semipresenciais ou a distancia. Lima e Capitdo também esclarecem a diferenca entre
ensino a distincia e e-Learning:

13

. 0 e-Learning tem uma abrangéncia um pouco mais restrita que o
ensino a distncia porque ndo abrange os cursos por correspondéncia, as
cassetas de dudio e de video, a televisdo, e outras tecnologias restritas a
‘distancia’. Por isso, poderd afirmar que e-Learning é uma forma de

ensino a distdncia, mas ensino a distdncia ndo € necessariamente e-
Learning.” (Lima e Capitdo, 2003, p. 37)

Neste trabalho, adotaremos uma definicdo de e-Learning que representa qualquer tipo
de aprendizagem que envolva uma rede fisica de dados como a Internet, Intranet ou Extranet,
usada para a distribui¢do de contetidos e para a interagdo entre os participantes. Nosso propoésito é
fundamentar o nome das aplicagdes computacionais que apoiam esse tipo de aprendizagem.

Ambientes de EaD sdo aplicacdes computacionais que agregam ferramentas para
apoiar a realizacdo de atividades de ensino e aprendizagem por meio da plataforma Web, e sdo
também conhecidos como Ambientes Virtuais de Aprendizagem, Plataformas de e-Learning,
Ambientes On-line de Educacio®.

Na literatura costuma-se utilizar o termo LMS (do inglés Learning Management
Systems que significa Sistemas de Gestdo de Aprendizagem) para os sistemas cujo objetivo
principal € automatizar aspectos administrativos do processo educacional, como a inscricdo de
alunos e registro de desempenhos; enquanto o termo LCMS (do inglés Learning Content
Management Systems que significa Sistemas de Gestdo de Conteudo de Aprendizagem) €
reservado para indicar gestao de contetddos de aprendizagem envolvendo a criacdo, a catalogacao,
0 armazenamento, a combinacdo e a sua distribuicdio (Lima e Capitdo, 2003). Nesta tese,
trataremos Ambientes de EaD como a composi¢do desses dois sistemas: LMS e LCMS, pois os
Ambientes de EaD empregados neste trabalho apresentam caracteristicas de ambos.

Além das funcionalidades, a usabilidade e a acessibilidade sdo dois atributos chave
para possibilitar um ensino inclusivo ao se adotar ambientes de EaD. Nielsen (1993) define o
conceito de usabilidade por meio da decomposi¢do do conceito “aceitabilidade geral de um
sistema”, dividindo-o em aceitabilidade social e aceitabilidade prdtica. Um dos conceitos que

3 Trecho escrito em Portugués de Portugal.

4 Embora tenha se discutido anteriormente a diferenca entre e-Learning e EaD, preferiu-se adotar o termo “Ambiente
de EaD” para representar esse tipo de sistema pois ele ¢ mais empregado na comunidade cientifica brasileira.



compde a aceitabilidade prdtica ¢ o “Usefulness”, que se refere ao fato de o sistema poder ser
usado para atingir um determinado objetivo. Esse conceito € composto pela utilidade e
usabilidade. A usabilidade é a combinacao dos elementos: facilidade de aprendizado, eficiéncia,

facilidade de lembrar, probabilidade de o usudrio cometer poucos erros e a satisfacdo do usudrio.

Segundo a norma ISO 9241-210 (1999) a usabilidade pode ser compreendida como
“a eficécia, eficiéncia e a satisfacdo com a qual usudrios especificos alcancam metas especificas
em ambientes particulares”. A eficdcia é definida como a acurdcia e a completude com a qual
usudrios especificos podem atingir metas especificas; enquanto a eficiéncia esta relacionada aos
recursos utilizados em relacdo a acurdcia e a completude das metas atingidas; a satisfacdo, por
sua vez, estd relacionada ao conforto e a aceitacdo do sistema de trabalho pelos seus usudrios e
outras pessoas que sdo afetadas pelo uso de um sistema.

Acreditamos que a importancia da usabilidade nos ambientes de EaD se deve ao fato
de a interface de usudrio ndo prejudicar as atividades de ensino e aprendizagem que sao
desenvolvidas por seu intermédio, sejam elas: a leitura de um texto, a elabora¢do de um relatério,
a troca de mensagens eletrOnicas.

A acessibilidade dos ambientes de EaD se justifica pelo fato de a educagdo ser um
direito do ser humano. A acessibilidade pode ser compreendida como a "capacidade de acessar” e
se beneficiar de algum sistema ou entidade. Segundo a W3C (2005), a acessibilidade da Web
significa que pessoas com deficiéncia podem usar a Web beneficiando também outros usudrios.

Com a popularizacio dos dispositivos moveis, equipamentos dotados de autonomia e
leveza, o que possibilita que sejam facilmente transportados, e das redes sem fio, comecam a
surgir o uso desses dispositivos com propdsitos educacionais. Sung et al. (2005) definem m-
Learning (do inglés mobile learning, que significa aprendizagem modvel) como qualquer tipo de
educacdo que acontece quando o aprendiz ndo tem uma localizacdo geogrifica fixa ou pré-
determinada; ou aquela que acontece quando o aprendiz aproveita as oportunidades de
aprendizado oferecidas pelas tecnologias mdveis. Os dispositivos méveis permitem ao aluno
estudar em qualquer lugar (anywhere) e a qualquer hora (anytime).

Pode-se dizer que e-Learning, por se tratar do uso de qualquer tecnologia eletronica
na educacdo, engloba também o m-Learning, embora Lima e Capitdao suponham que “Num futuro
proximo, face ao desenvolvimento e proliferacdo das tecnologias méveis sem fio, o termo e-
Learning serd provavelmente substituido por m-Learning.” (Lima e Capitao, 2003, p. 68).

Ainda assim, pensando na tecnologia dos computadores convencionais € na dos
dispositivos moveis, acreditamos em uma complementacio de uso dessas tecnologias.
Dependendo da tarefa a ser realizada, utilizar um determinado hardware serd mais rapido,
eficiente e/ou oferecerd uma experiéncia mais gratificante aos usudrios. E com esse pensamento
que desenvolvemos o presente trabalho, no qual as diversas tecnologias sdo utilizadas em prol das
experiéncias dos usudrios e do planejamento e realizag¢do das atividades de ensino e aprendizado.

O termo Modalidade seré usado para definir o modo como uma entrada do usudrio ou
uma saida do sistema sdo expressas. Nigay e Coutaz (1995) definem modalidade como um
método de interacdo que um agente pode usar para alcangar uma meta ressaltando que uma
modalidade pode ser especificada em termos gerais como “usando fala” ou em termos mais
especificos como “usando microfone”. Por exemplo, pode-se usar a modalidade de entrada a



caneta, que envolve os periféricos de entrada caneta, tela sensivel a caneta, e a mao do usudrio
utilizada para segurar a caneta.

Neste trabalho exploramos as modalidades de entrada de dados baseada em caneta e
toque. Existem vdrias pesquisas, inclusive no campo educacional, que aplicam o uso de um
periférico semelhante a caneta, chamado de stylus, para interagir com aplicacdes computacionais
ao invés do tradicional emprego do mouse e teclado para entrada de dados: a computagdo baseada
em caneta (do inglés Pen-based computing). Segundo Kurtenbach (2010, p. 14, traducdo nossa):

“... a caneta pode remover a exigéncia de habilidade para digitar quando
se opera um computador. Ao invés de digitar, o usudrio simplesmente
poderia escrever ou desenhar, e o computador poderia reconhecer e agir
apos receber esta entrada. O raciocinio foi que, suportando essa expressao
“natural”, a computacdo poderia ser acessivel a qualquer um, usdvel em
uma variedade ampla de tarefas da entrada de receitas de uma avo, até
matematicos resolvendo problemas com o auxilio de um computador.”

As interfaces de usudrio para computacdo baseada em caneta podem ser
implementadas de vérios modos, destacam-se: (i) usar a caneta como um periférico de entrada
para apontamento, no qual as acdes da caneta sdo mapeadas para acdes das interfaces gréficas,
como mover o ponteiro, acionar elemento de interface, selecionar e arrastar; (ii) utilizar
manipulagdo direta e reconhecimento de escrita manuscrita ou gestos.

Outro periférico que tem se popularizado sdo as telas sensiveis ao toque,
principalmente em dispositivos moveis. Existem vdrias tecnologias para possibilitar a interagdo
por toque, com caracteristicas de tempo de resposta diferentes ou possibilidade de entrada de
apenas um ou vdrios toques simultaneos (multitoque).

Refletindo a respeito do uso da caneta e do toque, Kurtenbach (2010, p. 20, tradugao
nossa) acredita que:

“Pesquisadores e projetistas tém realizado a observacdo chave que as
interagdes usando a caneta sdo distintamente diferentes das interagdes a
toque e podem ser exploradas em diferentes e interessantes formas”.

E, reafirmando que o mouse e o teclado sdo os periféricos mais utilizados para
interagir com o computador, Kurtenbach acredita que “a caneta continuara essencial para
algumas tarefas, como rascunhar e entrar com uma ideia livre de forma, e serd nessas aplicagcdes
que ela encontrara sucesso” (2010, p. 20, traducdo nossa).

E possivel empregar a movimentagio da caneta ou do dedo na tela e atribuir-lhe um
significado: a interacdo por gestos. Gestos podem ser gerados a partir de qualquer movimento do
corpo, embora comumente relacionados com as maos e a face. Gestos produzidos a partir de
movimentos da caneta sdo chamados de pen-based gestures, enquanto que gestos gerados a partir
de movimentos dos dedos sao chamados de fouch gestures, sendo que no caso do gesto envolver
mais de um dedo € chamado de multi touch gesture.

Esclarecido o contexto do presente trabalho, bem como as defini¢des dos principais
conceitos, passamos a apresentacdo do seu escopo tedrico (Capitulo 2). Na sequéncia, o Capitulo
3 apresenta a tese, propriamente dita, € a forma de conducdo do trabalho, cujos resultados foram



divulgados no meio cientifico conforme o seu avanco. Assim, os capitulos numerados de 4 a 8
sdo compostos por artigos publicados em anais de eventos e periddicos cientificos. O Capitulo 9
apresenta uma sintese das contribui¢des resultantes deste trabalho, suas limitagdes e aponta
trabalhos futuros.



Capitulo 2

Escopo Teorico

2.1 Introducao

Como descrito no Capitulo 1, a Interagio Humano-Computador (IHC) € uma
disciplina que se preocupa com o projeto, a avaliacio e a implementacdo de sistemas
computacionais interativos para uso humano, bem como o estudo dos principais fendmenos ao
redor deles (ACM SIGCHI, 1992, p. 6). A THC € uma drea multidisciplinar que envolve as
disciplinas Psicologia Cognitiva, Psicologia Social e Organizacional, Ergonomia, Ciéncia da
Computacdo, Inteligéncia Artificial, Linguistica, Filosofia, Sociologia, Antropologia, Engenharia
e Design (Preece et al., 1994). Um dos conceitos da area € a usabilidade, definida por Nielsen
(1993) como a combinacdo dos elementos facilidade de aprendizado, eficiéncia, facilidade de
lembrar, probabilidade de o usuario cometer poucos erros e a satisfagdo do usuario.

Este Capitulo apresenta o escopo teérico do trabalho. Na Secdo 2.2 € descrito de
forma geral o processo de design de uma interface de usudrio. Na Sec¢do 2.3 apresentamos
conceitos da literatura para modalidades de interagcdo e na Se¢do 2.3 a multimodalidade. A Secdo
2.4, que encerra o capitulo, discute a adaptacdo de interfaces de usuério.

2.2 Design e Avaliacao de Interfaces de Usuario

Seguindo conhecimentos da Interagdo Humano-Computador (Hix e Hartson, 1993;
Shneiderman e Plaisant, 2004; Sharp et al., 2007; Preece et al, 1994; Nielsen, 1993; Rocha e
Baranauskas, 2003), ao se projetar uma interface de usudrio, deve-se considerar as caracteristicas
de usabilidade para satisfazer as tarefas que o usudrio deseja ao interagir com o sistema (Paterno,
1999). Norman e Draper (1986) consideram o modelo mental como uma representacdo dinamica
sobre qualquer sistema ou objeto, que evolui na mente de um sujeito. O objetivo de um modelo
mental € permitir a pessoa entender e antecipar o comportamento de um sistema fisico sendo-lhe
possivel executar mentalmente o seu modelo (Norman e Draper, 1986).

Desenvolver interface de usuario com uma boa usabilidade é uma atividade dificil,
exige que esse requisito seja considerado desde o inicio do processo de desenvolvimento para que
ndo se torne extremamente oneroso. Nesse sentido, a literatura apresenta abordagens para a
elaboragdo de interfaces de usudrio que t€m em comum a realizacdo repetitiva de duas etapas: o
design e a avaliacdo (Hix e Hartson, 1993; Shneiderman e Plaisant, 2004; Sharp et al., 2007,
Preece et al., 1994; Nielsen, 1993). Teoricamente, na medida em que o designer realiza um
nimero de repeti¢des de design-avaliacdo, a interface de usudrio tende a se aproximar do modelo
mental do usudrio.
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Para facilitar a realizacdo do design e minimizar o ndmero de itera¢des de design-
avaliacdo, a literatura dispde de guidelines e heuristicas, isto é, regras escritas textualmente que,
se seguidas, auxiliam a melhorar a usabilidade do sistema (Nielsen, 1993; Shneiderman e
Plaisant, 2004).

Para realizar a avaliacdo, a literatura apresenta alguns métodos, que podem envolver
somente especialistas em interfaces, os chamados métodos heuristicos, ou envolver os usudrios,
os denominados métodos empiricos.

Antes de realizar o design da interface de usudrio, também € recomendado conhecer
para quem se estd desenvolvendo o sistema, como o sistema pode auxilid-los no desempenho de
suas atividades e escolher os recursos tecnolégicos que serdo utilizados para interagir com o
sistema. A escolha desses recursos pode se basear nos dispositivos computacionais que serao
utilizados pelo usudrio, no conhecimento dos usudrios a respeito dos dispositivos a serem
utilizados e seus recursos de interacao.

2.3 Modalidades de Interacao

Modalidade € o termo empregado para definir o modo como uma entrada do usudrio e
uma saida do sistema sdo expressas. O modo de comunicagdo se refere ao canal de comunicacao
usado por duas entidades diferentes que interagem (Alty e McCartney, 1991). Nigay e Coutaz
(1995) definem modalidade como um método de interagdo que um agente pode usar para
alcancar uma meta. Segundo os autores uma modalidade pode ser especificada em termos gerais
como “usando fala” ou em termos mais especificos como “usando microfone”. Bernsen (2008) e,
posteriormente, Bernsen e Dykjer (2010) discutem que o termo modalidade nio € muito
informativo e ndo pode ser reduzido somente as modalidades sensoriais humanas, como a visdo e
a audicdo: “A modalidade, ou, mais explicitamente, uma modalidade de representacdo da
informacdo, ¢ uma forma de representar a informacdo em algum medium. Assim, uma
modalidade € definida por seu midium e sua particular ‘forma’ da representagdo” (Bernsen, 2008,
p. 7, traducdo nossa). E fazem uma relacio entre modalidade e o medium:

“.. humanos usam vdérias e diferentes modalidades para representar
informacdo no mesmo midium. N6s usamos, por exemplo, medium
grifico (tudo o que € visivel) para representar texto, imagens, expressoes
faciais, gestos e muito mais. Existem diferentes modalidades
representadas no mesmo medium” (Bernsen e Dykjer, 2010, p. 71,
tradug@o nossa).

Considerando esta definicdo, Bernsen (2008) comenta que os sistemas com Interface
Grifica de Usudrio (do inglés Graphical User Interface, ou simplesmente, GUI) sdo
multimodais: entrada de dados tatil e saida de dados gréfica, e ambos envolvem uma variedade de
modalidades individualmente diferentes. Usando esse argumento, Bernsen apresenta uma posicao
bem diferente da posi¢do de Oviatt e Cohen (2000 apud Bernsen, 2008, p. 6) que descrevem que
“Sistemas multimodais sdo radicalmente diferentes do padrao GUI”. Para Bernsen e Dykjer
(2010, p. 69, tradugdo nossa) “Interagdo baseada em GUI é um paradigma de interacio
multimodal util que, por historicamente preceder os demais, ¢ muito bem explorado, e mais
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familiar a maioria das pessoas, quando comparado a outras interacdes multimodais”. Portanto,
esses autores consideram GUI como uma modalidade de entrada e saida, como descreveremos
mais adiante.

Bernsen (2008) também apresenta uma taxonomia de modalidades elementares que
podem ser usadas para construir interfaces multimodais e possibilitar a interagdo multimodal. Sua
base sdo as midias gréficas, acusticas e tdteis que sdo atualmente dominantes na troca de
informacdo com sistemas computacionais interativos. Pode-se citar as modalidades texto
digitado, texto manuscrito, gestos € movimento corporal.

Bernsen (2008) afirma que duas modalidades ndo sdo equivalentes, pois as
modalidades diferem uma da outra em relagdao aos pontos fortes e fracos de expressividade e
também em sua relacdo aos sistemas perceptual, cognitivo e emocional do ser humano.

Vérias modalidades tornaram-se objeto de pesquisa nas ultimas décadas, entre elas a
fala (reconhecimento e sintetiza¢do), a escrita manuscrita (reconhecimento) e a interacdo com
dedos por meio de toques e gestos. Assim, surgiram &dreas de pesquisa dentro da Ciéncia da
Computacdo que visam possibilitar a entrada e a saida de dados por uma modalidade, bem como
explorar suas vantagens, como é o caso da Computacdo Baseada em Caneta, a interacdo por
toque e por gestos, modalidades de estudo deste trabalho.

Computacdo Baseada em Caneta (do ingl€s Pen-based Computing também conhecido
como Pen Computing) se refere a interacdo com uma interface de usudrio computacional feita por
meio de uma caneta ao invés de periféricos como teclado ou mouse.

A caneta pode ser utilizada como um dispositivo de apontamento. Neste caso o seu
uso tem finalidade semelhante a de um mouse (mover um cursor para interagir com elementos na
tela). Mas, caneta e mouse podem se diferenciar, caso o dispositivo utilizado pelo usudrio seja
uma tela sensivel a caneta. Assim, o apontamento realizado com a caneta é diretamente sobre a
tela (a ponta da caneta deve ser fixada sobre o objeto com o qual se deseja interagir), enquanto o
mouse € um dispositivo de apontamento indireto (o ponteiro € movido conforme o usuirio move
0 mouse, mas o0 mouse ndo fica sobre a tela). E, entdo, necessdrio que o usudrio faca um esforco
cognitivo para relacionar o movimento da mdo com o resultado que provocara no ponteiro. O
ponteiro se moverd na direcdo e com a intensidade que o mouse for se movimentado, mas o
espaco percorrido na tela serd diferente do espago realizado com o mouse, embora proporcional.

A caneta também pode ser utilizada para produzir tinta eletronica (do inglés
electronic ink), um conjunto de pontos sequenciais gerado pelo rastro da caneta na tela e que
representa o rastro de tinta deixado por uma caneta comum. A manipula¢do de objetos digitais
usando recursos que correspondem ao mundo fisico de forma e funcionalidade semelhantes é
chamada de Manipulacdo Direta, resumida por Shneiderman e Plaisant (2004) por trés principios
basicos: (i) Representacio continua do objeto de interesse; (i1) A¢des fisicas (clicar, arrastar, etc.)
ao invés de sintaxe complexa; (iii) Operac¢des incrementais reversiveis, cujo impacto no objeto de
interesse € imediatamente visivel. Shneiderman e Plaisant descrevem que a manipulacdo direta
resulta em menor comprometimento de recursos cognitivos.

Isso significa que as interfaces de usudrio para computagdo baseada em caneta podem
ser implementadas de vérias formas, mas as vantagens do uso da caneta aparecem de forma mais
expressiva quando a aplicagcdo é desenvolvida considerando manipulacio direta, reconhecimento
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de escrita ou de gestos realizados com a caneta. Contextos em que papel e caneta estdo presentes
podem se beneficiar do estilo de interacdo baseado em caneta, oferecendo melhores experi€ncias
de uso. Dentre os contextos de estudo da computacdo baseada em caneta, destaca-se o
educacional. Backon (2006) descreve que o teclado possibilita rdapida digitacdo e possibilita a
elaboragdo de textos estruturados em tépicos, mas destaca a importdncia da caneta nesta
atividade:

“o uso da caneta eletronica ¢ importante pois permite registrar e organizar
pensamentos, ideias, problemas e solu¢des de forma clara e precisa,
tornando o ensino e o aprendizado mais flexiveis. Além disso, a caneta
eletronica possibilita o registro natural do processo de desenvolvimento
do pensamento e raciocinio em todas as suas etapas. Por exemplo, na
resolucdo de célculos grandes e complexos, € possivel que sejam
registrados os passos feitos e também desenhados diagramas que
explicam a resolu¢do do problema.” (Backon, 2006, p. 10, traducgio
nossa)

Exemplo desse tipo de aplicagdo foi apresentado por Caceffo, da Rocha e de Azevedo
(2011) que propdem uma ferramenta educacional baseada em caneta eletrbnica com o propdsito
de construir um ambiente colaborativo fundamentado no modelo de aprendizado ativo. A
ferramenta proposta pelos autores possibilita que professor e alunos compartilhem anotacdes
realizadas por meio da caneta eletronica em conjunto de slides disponibilizado pelo professor. A
ferramenta apresenta funcionalidades para agrupar as vdarias submissdes enviadas pelos alunos,
possibilitando que o professor ofereca um feedback mais répido aos alunos. O agrupamento
realizado pela ferramenta considera a localizacio espacial das tintas eletronicas das respostas dos
alunos com a localizacdo espacial das tintas eletrdnicas que compdem o gabarito elaborado pelo

professor’.

Uma outra modalidade que se tornou comum € o uso de toque para interagir com a
interface de usudrio. Trata-se de uma modalidade do tipo titil que emprega sensores para
identificar uma ou mais regides de uma superficie na qual um ou mais dedos entraram em
contato. Telas sensiveis ao toque se tornaram comuns principalmente em dispositivos méveis.

Na manipulag@o direta em telas sensiveis ao toque, o ato de tocar (do inglés fap)
realizado por um dedo pode acionar uma acdo no objeto desenhado na regido em que o toque foi
realizado. E possivel ter uma sequéncia continua de toques sobre uma regido, por exemplo, um
toque duplo (do inglés double tap) que, semelhante ao clicar duplo do mouse, pode ser utilizado
para acionar uma funcionalidade do objeto; um toque mantendo o dedo pressionado (do inglés
tap and hold), semelhante ao clicar com o botdo do mouse e deixd-lo pressionado.

Existe também a possibilidade de interagir utilizando mais de um dedo, a interagdao
multitoque (do inglés multitouch). O Natural User Interface Group (Teiche et al., 2009), em
traducdo literal, Grupo de Interface de Usudrio Natural, descreve que:

“Multitoque denota um conjunto de técnicas de interagdo que permite a
usudrios de computador controlar aplicagdes gréficas usando varios

5 O Capitulo 6 apresenta trabalhos relacionados ao emprego da computacdo baseada em caneta no contexto
educacional.
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dedos. Dispositivos multitoque consistem de uma tela sensivel ao toque
(ex. Monitor de computador, mesa, parede) ou fouchpad, bem como
software para reconhecimento de multiplos pontos de toque simultaneos,
em oposicdo as telas de toque comuns (ex. touchpad de computador,
ATM), que reconhecem somente um ponto de toque por vez.” (Teiche et
al., 2009, p. 2, tradu¢do nossa)

A sequéncia temporal de dados de entrada oriundos de um dispositivo como a tela
sensivel ao toque podem ser interpretados conjuntamente, originando um gesto. Karpov et al.
(2008, p. 156, traducdo nossa) definem gestos como “um expressivo, significante movimento do
corpo, isto é, movimento fisico dos dedos, maos, bracos, cabeca, face ou corpo que possui a
intencdo de passar informagdo ou interagir com o ambiente”. Gestos podem ser dotados de
informacao, como os que compdem uma linguagem de sinais ou quando se utiliza um gesto para
complementar uma fala. Karpov et al. dividem a tecnologia de reconhecimento de gestos em trés
categorias:

1. Baseado em caneta: envolve o reconhecimento de gestos de periféricos de entrada
2D, como, por exemplo, uma caneta ou uma tela sensivel ao toque;

2. Baseado em rastreamento de hardware: envolve o reconhecimento de gestos por
meio do rastreamento da posi¢do da cabeca, iris dos olhos (eye gaze), maos ou corpo do usudrio
com dados coletados por meio de periféricos especiais, como luvas, capacetes ou roupas
equipados com sensores como acelerometros e giroscopio;

3. Baseado em visdo: envolve o reconhecimento de gestos por meio de rastreamento
da posicao da cabega, iris dos olhos, mdos ou corpo do usudrio mas sem exigir periféricos
especiais, apenas empregando cameras que capturam imagens e algoritmos que as interpretam.

Norman e Nielsen (2010), ao analisarem as interfaces gestuais dos dispositivos
moveis, alertam que as companhias estdo ignorando as convengdes estabelecidas e os principios
fundamentais de design da interacdo. Esses principios, independentes de tecnologia, sdo:
visibilidade (uma forma de interacdo adotada, exemplo um gesto, em um objeto deve estar
presente em toda a aplicacdo quando o objeto estd na tela), feedback (sistema oferecer uma
resposta a acdo do usudrio e a resposta retornada pelo sistema deve ser a resposta esperada pelos
usudrios), consisténcia (em relagcdo aos objetos de interacdo da aplicacdo, da plataforma e entre as
plataformas), operagdes ndo-destrutivas (por isso € importante dispor a funcionalidade
“desfazer”), discoverability (operacdes que podem ser descobertas por meio da exploracdo de
menus), escalabilidade (as operacdes devem funcionar em telas pequenas, médias ou grandes),
confianga (as operacOes devem funcionar e os eventos ndo podem ocorrer randomicamente). Os
pesquisadores enfatizam que as interfaces gestuais devem considerar esses principios para que
haja uma boa usabilidade das aplicacdes.

Relacionando o mouse, os gestos, a interface GUI e a Interface de Usudrio Natural,
Teiche et al. (2009) destacam que:

“O mouse e a interface GUI foram umas das principais razdes para a
grande penetragdo dos computadores na sociedade. Entretanto a técnica
de interagdo € indireta e baseada em reconhecimento. A Interface de

P

Usuario Natural com as telas multitoque € intuitiva, contextualizada e
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evocativa. A mudanca da GUI para interface baseada em Gestos
continuard a tornar os computadores parte integrante, mas discreta, do
nosso estilo de vida.” (Teiche et al., 2009, p. 30, tradugao nossa)

2.4 Multimodalidade na Interacio Humano-Computador

Os designers ndo necessitam se limitar a uma dnica modalidade. Podem escolher
varias modalidades que, se utilizadas em conjunto, possibilitam uma maior flexibilidade do
sistema, além de outros beneficios. As interfaces com essa caracteristica sdo chamadas de
interfaces multimodais e os sistemas com interfaces multimodais sdo chamados de sistemas de
interacao multimodal.

O trabalho seminal sobre interfaces multimodais explora o uso conjunto de fala e
gestos por apontamento (Bolt, 1980). Petejan (1984) explora o uso de fala e reconhecimento de
movimentos labiais; Neal e Shapiro (1991) exploram o uso de fala e de gestos. Koons, Sparrell e
Thorisson (1993) estudam as modalidades fala e rastreamento de olho; Cohen et al. (1997)
estudam a fala em conjunto com o mouse e, Bangalore e Johnston (2009), as modalidades fala e
reconhecimento de gestos registrados por tinta eletronica. Embora a maioria desses trabalhos
envolva a modalidade fala, ela ndo precisa ser necessariamente a modalidade priméria de um
sistema multimodal (Oviatt, 1999).

Mayes (1992) define um sistema de interacdo multimodal como aquele que tem a
capacidade de se comunicar com um usudrio por meio de diferentes modos de comunicacdo,
utilizando mais do que uma modalidade, além de fornecer e extrair significados automaticamente.

Segundo Oviatt (2003), interfaces multimodais processam dois ou mais modos
combinados de entrada de dados do usudrio (como a fala, caneta, toque, gestos manuais,
rastreamento do olho, movimentos do corpo e da cabeca) de maneira coordenada com a saida de
dados do sistema multimidia.

Bernsen (2008) define um sistema de interacdo multimodal como “um sistema que
usa no minimo duas modalidades diferentes para entrada ou para saida” (p. 9, traducao nossa) e
sistemas de interacdo unimodal como ‘“‘sistemas que usam a mesma modalidade para entrada e
saida” (p. 9, traducao nossa).

Lalanne et al. (2009) afirmam que sistemas de interagdo multimodal ou,
simplesmente, sistemas multimodais, permitem aos usudrios interagir com computadores por
meio de vérias modalidades de entrada de dados (ex. fala, gestos, movimentacdo de olho) e
canais de saida (ex. texto, graficos, som, avatares, fala sintética).

Segundo Bangalore e Johnston (2009), as interfaces multimodais possibilitam que as
entradas do usudrio e as saida do sistema sejam expressas no(s) modo(s) em que ela(s) melhor se
ajusta(m) levando em conta tarefa, as preferéncias do usudrio, o ambiente fisico e social da
interacao.

O fornecimento de multiplas formas de interacdo permite melhorar a acessibilidade,
uma vez que uma interface multimodal pode ser utilizada por uma pessoa com deficiéncia por
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meio dos recursos de interacdo que consegue manipular, além de tornar o sistema mais flexivel e
com maior comodidade (Lalanne et al., 2009).

Para Bernsen (2008) a principal questdo a respeito da multimodalidade € criar alguma
coisa nova pois, “quando modalidades s3o combinadas, obtém-se novas e emergentes
propriedades de representacdes que nao poderiam ser consideradas pelas modalidades
individualmente” (p. 25, tradu¢do nossa). Dumas, Lalanne e Oviatt (2009) propdem uma
arquitetura genérica para sistemas multimodais, apresentado na Figura 2.1, que facilita a
compreensdo dos principais componentes de um sistema multimodal.

Modalidades Modalidades
de entrada de Saida

Reconhecedores
e Processadores
Modalidades

Sintetizadores
de Modalidades

Contexto

Modelo de
Usuario

Histérico

Modalidades de Entrada Modalidades de Saida
Fusao I Fissao
Gerenciamento
de Dialogo
Comité de

Y\ Integragao

A

Aplicagoes

Figura 2.1 — Arquitetura para Sistemas Multimodais traduzida de Dumas, Lalanne e
Oviatt (2009, p. 11, traducao nossa).

As modalidades de entrada sdo percebidas por meio de reconhecedores que enviam
dados para as mdquinas de fusdo. As mdaquinas de fusdo dao um significado comum para os
dados de entrada e comunicam ao gerenciador de didlogo. O gerenciador de didlogo ¢é
responsavel por identificar o estado do didlogo, a transi¢do a realizar, a acdo a comunicar para a
aplicagdo e/ou mensagens a retornar por meio dos componentes de fissdo. A maquina de fissdo
retorna a mensagem para o usudrio por meio da modalidade mais adequada ou da combinagdo de
modalidades, dependendo do perfil do usuério e do contexto de uso. O contexto de uso, por ser
responsavel por identificar a localiza¢do, o contexto e o perfil do usudrio, comunica qualquer
modificacdo do ambiente para os outros trés componentes, de modo que eles possam adaptar as
suas interpretagoes.
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Os sistemas multimodais devem considerar todas as entradas que foram realizadas
pelo usudrio para identificar e realizar a acdo solicitada. Mecanismos que interpretam os diversos
fluxos de entrada, cujo significado pode variar de acordo com o contexto, a tarefa, o usudrio e o
tempo, sdo chamados de miquinas de fusdao (Dumas, Lalanne e Oviatt, 2009).

Pelo fato de constituir parte central de sistemas multimodais existem na literatura
técnicas para maquinas de fusdo (Koons, Sparrell e Thorisson, 1993; Cohen et al., 1997,
Krahnstoever et al., 2002; Flippo, Krebs e Marsic, 2003; Portillo, Garcia e Carredano, 2006;
Bangalore e Johnston, 2009) e abordagens para implementacdao de maquinas de fusdo (Bouchet,
Nigay e Ganille, 2004; Mendonga et al., 2009).

Por meio da andlise de trabalhos sobre méquinas de fusdo, e usando o modelo
BRETAM — Breakthrough, Replication, Empiricism, Theory, Automation and Maturity (Gaines,
1991 apud Lalanne et al., 2009) para determinar a maturidade na drea, os autores comentam que
as ferramentas de software e modelos de arquitetura para fusdo na interacdo multimodal estdo na
fase de Maturidade (dltima fase do modelo). Segundo o modelo BRETAM, quando um conceito
estd nessa fase significa que as teorias foram assimiladas e sdo usadas rotineiramente sem
questionamentos.

Diante desta constatacdo, Lalanne et al. (2009) comentam que 0s proximos passos
sdo a criacdo de procedimentos de avaliacdo e de engenharia das mdquinas de fusdo. Os
procedimentos de avaliacdo precisam levar em consideracdo ndo somente a interacdo e a
experiéncia do usudrio mas, também, a eficiéncia e a eficicia das mdaquinas de fusdo,
identificando as vantagens e desvantagens dos diferentes mecanismos. Além disso, as mdquinas
de fusdo precisam ser estudadas sob a 6tica da engenharia para tornd-las mais genéricas, sendo
necessdrio desenvolver ferramentas para:

1) possibilitar ajustamentos finos da fusdo pelo designer e pelos usudrios finais;
2) simular e configurar rapidamente as maquinas de fusdo para um sistema particular.

Seguindo essa direcdo, os trabalhos de Dumas, Ingold e Lalanne (2009) e Lalanne et
al. (2009) realizam comparagdes entre as maquinas de fusdo existentes.

Os mecanismos de fissdo, responsdveis por determinar a modalidade mais relevante
ou o conjunto de modalidades mais relevantes para retornar a mensagem ao usudrio, sdo partes
importantes de sistemas multimodais, conforme apresentado na Figura 2.1. Para determinar as
modalidades adequadas para retorno da mensagem, os mecanismos de fissdo utilizam
informacdes do contexto de uso e do perfil do usudrio (Dumas, Lalanne e Oviatt, 2009).

Segundo Foster (2002), os mecanismos de fissdo devem realizar trés tarefas:

1) selecao e estruturacdo do conteddo: o conteudo a ser incluido na apresentacdo deve
ser selecionado e organizado em uma estrutura;

2) selecdo da modalidade: a saida especifica que serd liberada em cada modalidade
disponivel deve ser especificada;

3) coordenacdo da saida: as saidas de cada canal devem ser coordenadas para que as
formas de saida sejam apresentadas coerentemente.
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Descrevemos até o momento defini¢des de sistemas multimodais e os descrevemos
sob uma perspectiva arquitetural. Na proxima Secdo descrevemos resultados e observacgdes
encontradas na literatura a respeito do uso de sistemas com interacdo multimodal.

2.4.1 Impactos dos Estudos da Interacao Multimodal

No campo de estudo de uso de interfaces multimodais, Dumas, Lalanne e Oviatt
(2009) resumem os resultados de algumas pesquisas na drea de psicologia cognitiva, que podem
ser Uteis ao se projetar interfaces multimodais:

* Humanos sdo capazes de processar parcialmente modalidades independentes devido
a ativacao de diferentes partes do cérebro humano para processar informacao;

* Humanos tendem a produzir o padrdo de interacdo interpessoal durante a interacao
multimodal com o sistema;

* A performance dos humanos € aumentada quando interagem multimodalmente
devido ao funcionamento da percep¢do, da comunicacdo e da memodria. Segundo Grant e
Greenberg (2001 apud Dumas, Lalanne e Oviatt, 2009) quando processamos informacao visual e
auditiva durante uma palestra, somos capazes de extrair uma taxa maior de inteligibilidade 1éxica;

* A performance humana pode ser melhorada quando interage com duas modalidades
que podem ser coprocessadas em partes separadas do cérebro;

* A performance para a realizagdo de duas tarefas simultaneas que requerem o uso de
dois dominios perceptuais (ou seja, uma tarefa visual e outra verbal) é proxima da eficiéncia da
performance das tarefas individuais;

* Quando uma pessoa tenta executar duas tarefas simultdneas que usam o mesmo
dominio perceptual, a performance € menor do que quando realizadas individualmente.

Chitarro (2010) discute a disposicdo de multimodalidades em dispositivos moéveis
considerando os aspectos perceptivo, motor, social, cognitivo considerando a distracdo e a carga
na memoria de trabalho. A partir de seus estudos, o autor sugere algumas guidelines:

* Projetar e avaliar a interface priorizando a aten¢do do usudrio, performance, estresse
e carga de trabalho cognitivo;

* Projetar a interface para minimizar a atencdo e ndo somente mover a mesma
informacao para um outro canal de modalidade;

* Enviar informacao suficiente pelos canais escolhidos de tal modo que ela possa ser
facil e rapidamente processada pelos sentidos;

* Escolher modalidades apropriadas. Nao é suficiente combinar duas modalidades que
funcionam bem isoladamente, € necessério testar o efeito da combinacio;

* Explorar a sensibilidade ao contexto para minimizar as exigéncias de atencdo e
carga cognitiva nos diferentes niveis:

- Mostrar somente a informacao relevante para a tarefa;
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- Escolher a melhor modalidade ou combina¢do de modalidade segundo a tarefa e o
contexto;

- Mostrar fun¢des que podem ser uteis ou desejadas pelo usudrio na situagdo em que
ele se encontra.

Reeves et al. (2004) sugerem as seguintes guidelines:

* Os sistemas devem ser projetados para um amplo nimero de usudrios e contextos de
uso;

* Questdes de privacidade e seguranca devem ser consideradas com cuidado;

* Modalidades devem ser integradas de modo compativel com as preferéncias e
capacidades do usudrio;

* Os sistemas devem se adaptar facilmente aos diferentes contextos, perfis de usuarios
e necessidades da aplicacao;

* Integrar as modalidades de modo complementar, possibilitando melhorar a robustez
do sistema e oferecer ao usudrio o controle para selecionar a modalidade.

No contexto de ensino e aprendizagem, Moreno e Mayer (2007) se apoiam na teoria
cognitiva-afetiva de aprendizagem com midias na tentativa de responder a pergunta “O que sdo
ambientes de aprendizagem multimodais interativos e como eles podem ser projetados para
promover o aprendizado do estudante?”. A partir de suas pesquisas, definem cinco principios
para o design do material instrucional para ambientes de aprendizagem multimodal interativo:
atividade guiada, reflexdo, feedback, controle e pré-treinamento.

A teoria cognitiva-afetiva de aprendizagem com midias expande a teoria cognitiva de
aprendizagem multimidia para midias tais como ambientes de aprendizagem com realidade
virtual baseados em agentes e baseados em casos que podem apresentar materiais instrucionais
que vao além de palavras e figuras (Moreno e Mayer, 2007). Essa teoria se baseia nas seguintes
hipéteses sugeridas pela pesquisa cognitiva e motivacional, citadas por Moreno e Mayer (2007):

1. Humanos tém canais separados para processar diferentes modalidades de
informacao;

2. Somente algumas pegas de informacdo podem ser ativamente processadas em um
momento na memoria de trabalho para cada canal;

3. Aprendizado significativo ocorre quando o aluno utiliza esfor¢co consciente no
processo cognitivo: selecionar, organizar, integrar novas informag¢des com conhecimentos
existentes;

4. Memoria de longa duracdo consiste de uma estrutura dindmica e evolutiva que
engloba a memoria de experiéncias passadas e a memoria para conhecimentos de dominio geral;

5. Fatores motivacionais medeiam o aprendizado melhorando ou piorando o
engajamento cognitivo;

6. Fatores metacognitivos medeiam o aprendizado pela regulagdo dos processos
cognitivos e os seus efeitos;
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7. Diferencas no conhecimento anterior e nas habilidades dos alunos podem afetar o
quanto podem aprender com a midia.

Segundo a teoria cognitiva-afetiva de aprendizagem com midias, a midia instrucional
pode consistir de explicagdes verbais por meio da combinagdo de palavras faladas e escritas e
representacdo de conhecimento ndo-verbal, tais como figuras e sons. Para que o aprendizado
significativo ocorra os estudantes precisam, primeiro, observar e selecionar informacao verbal e
nao-verbal relevante para processamento posterior na memoria de trabalho. Portanto, Moreno e
Mayer (2007) dizem que os ambientes de aprendizagem mais eficazes sdo os que combinam
representacao verbal e ndo-verbal do conhecimento por meio de uma forma de apresentagdao que
mistura as modalidades e que deve-se examinar cuidadosamente a relacdo entre a demanda
cognitiva imposta pelo ambiente de aprendizagem e o desfecho de aprendizado desejado.

2.4.2 Construcao de Sistemas de Interacio Multimodal

Os beneficios dos sistemas multimodais relatados tornam atraente a implementacao
desse tipo de sistema, mas o seu desenvolvimento € uma tarefa muito complexa (Dumas, Lalanne
e Oviatt, 2009). Para apoiar o desenvolvimento, alguns trabalhos sdo encontrados na literatura,
como os frameworks ICARE (Bouchet, Nigay e Ganille, 2004) e o FAME (Duarte e Carrico,
2006), e as abordagens de Stanciulescu et al. (2005), Talarico Neto et al. (2009).

Bouchet, Nigay e Ganille (2004) propdem um framework baseado em componentes,
chamado ICARE (Interaction CARE — Complementarity, Assignment, Redundancy and
Equivalence), para o desenvolvimento rapido de interfaces multimodais. O framework define
dois tipos de componentes de software reutilizdveis: os componentes elementares que
possibilitam a definicdo de modalidades e os componentes de composicio que descrevem
mecanismos de fusdo de dados. Esses componentes sdo integrados a arquitetura do sistema para
possibilitar a chamada de métodos que realizardo o comando. Os critérios para a invocacao dos
métodos sdo a complementaridade ou redundancia dos dados e o tempo.

Os componentes de composi¢ao sao baseados em 4 propriedades oriundas da relagao
entre os dados das diversas modalidades: Complementaridade, Atribui¢do, Redundancia e
Equivaléncia (Complementarity, Assignment, Redundancy, Equivalence), sio chamadas de
propriedades CARE.

O framework ICARE é um bom exemplo de encapsulamento do mecanismo de fusao,
que se beneficia da reusabilidade, manutenibilidade e evolugdo, devido a ado¢do da orientagcdo a
componentes, impactando na diminuicdo de custos de desenvolvimento por meio de reuso de
componentes. Conforme Bouchet, Nigay e Ganille afirmam, o propésito do framework estd no
tratamento de dados de entrada, embora afirmem que a abordagem ¢ vélida para a saida de dados,
mas ndo demonstrem essa aplicacdo. Os autores acreditam que a entrada e a saida das
modalidades de interacdo estdo fortemente ligadas, ou seja, a escolha de uma modalidade de
entrada pode ter impacto na escolha das modalidades de saida, indicando, como trabalhos futuros,
o estudo dessa interligacao.

Duarte e Carrico (2006) propdem o framework FAME (Framework for Adaptive
Multimodal Environments), baseado em modelos que propdem uma arquitetura ¢ um conjunto de
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guidelines para o processo de design de sistemas multimodais. As guidelines envolvem a
identificacdo de varidveis de adaptacdo relacionadas ao ambiente fisico, usudrio, plataforma e
dispositivos; a elaboragao de templates para o modelo de interagdo; a defini¢do das operacdes de
fusdo e fissdo; e a definicao de regras de adaptacdo de componentes.

O FAME propde uma arquitetura que utiliza um conjunto de modelos para descrever
atributos e comportamentos do usudrio, da plataforma e do dispositivo, do ambiente e da
interacao e sdo alterados por médulos definidos na arquitetura para atender as modificacdes que
ocorrem durante a interagao.

Horchani ef al. (2007) propdem um componente que define, a partir de um conjunto
de possibilidades de resposta para a requisicdo do usudrio, o conteido a ser exibido para o
usudrio na apresentagdo multimodal. Chamado de Componente para Estratégia de Didlogo
(Dialog Strategy Component), esse componente utiliza varias informa¢des como disponibilidade
de uma modalidade e preferéncias do usudrio, bem como regras para definir o comportamento do
sistema em relacdo as estratégias de didlogo e as estratégias de apresentacdo. Assim, esse
componente deve receber informacao suficiente para gerar a melhor saida multimodal e ndo se
basear somente na resposta que o sistema deve emitir.

Os autores implementaram o Componente Estratégico de Didlogo usando regras
especificadas durante o design e definindo mecanismos que selecionam o didlogo e a estratégia
de apresentacdo adequados durante o tempo de execucdo. Para a criacdo de regras, Horchani et
al. propdem uma ferramenta grafica que pode ser usada por designers e ergonomistas que nao
requer conhecimentos de programacao.

Como trabalhos futuros, os autores propdem a exploracdo de outras modalidades,
como feedback tatil; a checagem da consisténcia e da completude das regras; a aplicacdo de
mecanismos de aprendizagem de madquina, e ampliacdo da ferramenta grafica proposta de tal
forma que usudrios finais poderem configurar as regras em tempo de execugao.

Stanciulescu et al. (2005) definem uma abordagem transformacional para o
desenvolvimento de interfaces de usuario Web multimodais (MWUIs - Multimodal Web User
Interfaces). A abordagem parte da elaboracdo de modelos de tarefa e modelos de conceitos do
dominio até a producdo da interface de usudrio final por meio da realizacdo de transformagdes
nesses modelos. O processo gera grafos de transformacdes que sdo baseados em gramdticas de
transformacoes.

Para descrever as informacOes pertinentes nos modelos, os autores utilizam a
UsiXML (User Interface eXtensible Markup Language), uma linguagem baseada em XML para
descricd@o de interfaces de usuério (User Interface Description Language - UIDL).

O Contexto de Uso (Context of Use) descreve todas as entidades que podem
influenciar na geracdo da interface de usudrio. Trés aspectos sdo relevantes: Tipo de Usuadrio;
Tipo de Plataforma Computacional; Tipo do Ambiente Fisico.

Stanciulescu et al. (2005) exemplificam o uso da sua abordagem por meio da
elaboragdo da interface de usudrio para um sistema de votacao, disponibilizando-o na modalidade
grifica e na modalidade falada.
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Segundo os autores, as vantagens de sua abordagem estdo no fato de utilizar a
UsiXML para expressar todos os elementos, modelos e transformacdes e possibilitar ao designer
a exploracdo de vdrias alternativas sem a necessidade de iniciar o processo desde o comeco.
Como trabalho futuro, os autores propdem estender a UsiXML para suportar outras modalidades,
como interagao tatil.

Talarico Neto et al. (2009) apresentam a Abordagem Web Multimodal (MultiModal
Web Approach - MMWA), uma abordagem que prové um framework para o design,
desenvolvimento e avaliagdo de projetos com interacdes multimodais. A abordagem segue em
formato de espiral e € composta por 5 atividades que capturam e utilizam o Design Rationale:

1) Modelo Comportamental: consiste na elaboragdo de cendrios, restricdes e
informacdo do ambiente nos quais as tarefas multimodais serdo realizadas, obtendo informacao
das tarefas do dominio que serdo necessdrias para mapear as tarefas com as suas representacoes
na interface multimodal;

2) Identificacdo de Tarefas: identifica as tarefas a serem realizadas pelo usudrio na
interface multimodal por meio da andlise de metas, estados iniciais, atividades e procedimentos
envolvidos, os problemas que podem ocorrer, o ambiente de tarefas, os usudrios-alvo e sua
experiéncia, além das entradas e saidas multimodais;

3) Representacdo de Tarefas: objetiva criar uma representacdo abstrata para as tarefas
1dentificadas;

4) Andlise de Solugdes: objetiva produzir um documento de design a partir de uma
andlise de solucdes, fornecendo as modalidades que potencialmente podem ser utilizadas para
realizar cada tarefa;

5) Avaliagdo de Usabilidade: objetiva gerar prototipos executdveis nos quais
avaliacdes de usabilidade podem ser realizadas. A avaliacdo de usabilidade é composta por um
mecanismo de avaliagcdo heuristica, chamado de MMHE, e um mecanismo para geracao e andlise
automética de log de testes com usudrios remotos, chamado de MMLOG.

Segundo Lalanne et al. (2009) desenvolver um sistema multimodal é uma tarefa
dificil, principalmente pelo fato de existirem poucas ferramentas para uso de designers e
implementadores e caréncia de abordagens de engenharia.

Segundo Bangalore e Johnston (2009), sistemas multimodais devem considerar dados
da tarefa, das preferéncias do usudrio, do ambiente fisico e social da interacdo, e dos dispositivos
para realizar a fusdo ou fissdo dos dados.

Como pode ser visto, muitos frameworks sdo propostos na literatura para a
constru¢do de sistemas multimodais, mas a maioria deles é voltada para computadores
convencionais (Knudsen e Holone, 2012). Para a Internet, o maior esfor¢co é concentrado pela
W3C, que sera descrito a seguir.

2.4.3 Construcao de Sistemas de Interacao Multimodal para a plataforma Web

Para implementar sistemas multimodais na Web € necessario considerar a arquitetura
de sistemas multimodais e a arquitetura Web. Usualmente, os sistemas Web t€m arquitetura
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cliente-servidor, em que a maquina cliente, que possui um navegador, € responsdvel por mostrar
as paginas Web para o usudrio, receber os dados provenientes dos periféricos de interacdo e
traduzi-los em requisi¢des que sdo enviadas ao servidor. O servidor € responsdvel por receber e
tratar essas requisi¢oes, gerando uma nova pdgina que sera retornada como resposta ao cliente.

Gruenstein, McGraw e Badr (2008) apresentam um framework para auxiliar no
desenvolvimento de sistemas multimodais para a Web: o toolkit WAMI. O framework que
suporta o toolkit define trés componentes para o cliente (Nucleo do GUI, Controlador de GUI e
Controlador de Audio) e mais quatro componentes para o lado do servidor (Web Server,
Reconhecedor de Fala, Sintetizador de Fala e Logger). O usudrio interage com o Nicleo GUI,
descrito em HTML e JavaScript, e com o Controlador de Audio, um applet Java que recebe dados
da entrada do dudio. Os dados coletados sdao enviados para serem tratados pelo Reconhecedor de
Fala e pelo Web Server.

Comparando com a arquitetura de sistemas multimodais proposta por Dumas,
Lalanne e Oviatt (2009), discutida na Secdo 2.4, os componentes de Nucleo GUI, Controlador
GUIL, Controlador de Audio e Reconhecedor de Fala podem ser classificados como
reconhecedores e processadores de dados de entrada. O Sintetizador de Fala pode ser classificado
como sintetizador de saida de dados. Os autores comentam que o toolkit WAMI focaliza os
modos de fala, teclado e mouse, mas o framework pode ser expandido para incluir outros modos
por meio da defini¢do de novos componentes.

O Grupo de Trabalho de Interacdo Multimodal da W3C (do inglés Multimodal
Interaction Working Group, sigla MMI-WG) estd desenvolvendo desde 2002 um framework
padrdo para aplicacdes com interacdo multimodal. O MMI-WG propds uma recomendacdo em
2012 (W3C, 2013) com trés componentes para compor o Framework de Execucdo e mais um
chamado Componentes de Modalidade que reconhecem os dados da entrada e executam uma
linguagem de marcacdo. Os Componentes de Modalidade interagem com o componente de
Gerenciador de Interacdo por meio de uma API (do inglés Application Programming Interface,
cuja traducdo literal € Interface de Programacdo de Aplicativos) de ciclo de vida baseado em
evento do MMI. O componente Gerenciador de Interagdo € um dos componentes do Framework
de Execucdo, responsdvel por enviar e receber todas as mensagens dos Componentes de
Modalidade, e executar consultas e atualizagdes nos Componentes de Dados, caso necessdrio. O
Componente de Dados contém o modelo de dados publicos para a aplicagdo multimodal. O
Contexto de Entrega é um outro componente do Framework de Execucdo e € responsdvel por
gravar propriedades estdticas e dindmicas do dispositivo, condicdes do ambiente, e preferéncias
do usudrio; propriedades que podem ser consultadas e dinamicamente atualizadas (como o
componente de gerenciamento de contexto, modelo de usudrio e histérico da arquitetura proposta
por Dumas, Lalanne e Oviatt (2009)). O componente de Gerenciador de Interacdo contém,
essencialmente, a aplicacdo multimodal e mantém o fluxo de didlogo, estado corrente, e dados
publicos (como o gerenciamento de didlogo da arquitetura proposta por Dumas, Lalanne e Oviatt
(2009)).

Um aspecto importante da arquitetura multimodal da W3C € que cada componente de
modalidade executa seu préprio documento de linguagem de marcacdo. Por exemplo, InkML
(Chee et al., 2011), do inglés Ink Markup Language (em tradugdo literal Linguagem de Marcacao
de Tinta) serve como formato de dados para representar tinta proveniente da interacio com
caneta eletronica ou stylus. Segundo Chee et al., a marcacdo possibilita a entrada e o
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processamento de textos manuscritos, gestos, desenhos, musica e outras linguagens notacionais
nas aplicacgoes, e prové um formato comum para troca de dados da tinta entre componentes como
reconhecedores de textos manuscritos ou gestos.

O Gerenciador de Interacio usa a SCXML (State Chart Extensive Markup
Language), a CCXML (Voice Browser Call Control, em tradugao literal, Controle de Chamada a
Navegacdo por Voz), a SMIL (Synchronized Multimedia Integration Language, em tradugdo
literal, Linguagem de Integracio Multimidia Sincronizada) e a VoiceXML (Voice Extensible
Markup Language, em traducdo literal, Linguagem de Marcacdao Extesivel para Voz) para
representar as mensagens enviadas entre o framework e os componentes de modalidade.

O SCXML prové um ambiente de execucdo genérico baseado em maquina de estados
para execugdo que utiliza a CCXML e Tabelas de Estados Harel para prover funcionalidades de
controle de chamada em aplicacdes que envolvem voz (especialmente no uso da VoiceXML,
embora nio limitados somente a essa representacio de dados). Logo a SCMXL define uma
mdaquina de estados, uma sintaxe para manipulacdo de eventos e um conjunto padronizado de
elementos para controle de chamada.

A SMIL serve para autoria sincronizada em tempo real de midias como 4udio, video e
texto e € usada em aplicacOes multimodal para integrar as midias, por exemplo, streaming de
dudio e sequenciamento de imagens por tempo. VoiceXML destina-se a autoria de didlogos
interativos que envolvem a fala.

As Interfaces de Contexto de Entrega (do inglés Delivery Context Interface ou DCI)
representam propriedades dindmicas e estdticas de dispositivos para as aplicagcdes Web. Os
registros de dados usam Xforms e DOM (Document Object Model) para representar o modelo de
dados publico.

Os Componentes de Modalidade podem usar XHTML (eXtensible HyperText Markup
Language), SVG (Scalable Vector Graphics), TimedText, VoiceXML e SMIL para representar a
interface de usudrio e os dados.

No entanto, McCobb (2007) aponta que as linguagem XML da W3C diretamente ndo
suportam autoria de multimodalidade, razdo pela qual é preciso padronizar como combinar os
arquivos XML que representam vdrias modalidades em um unico documento quando todas as
modalidades sdo renderizadas no cliente.

Zaguia et al. (2010) apresentam uma abordagem para desenvolver sistemas
multimodais usando maquinas de fusdo disponibilizadas por Web Services de modo que o
usudrio pode escolher as modalidades que melhor se adequam a sua situagdo ao invés de ter que
usar modalidades pré-definidas.

Larson (2002) propde trés questdes gerais que devem ser respondidas para averiguar
se uma aplicacdo Web se beneficiard ao empregar um novo modo de entrada de dados: (i) o novo
modo necessita agregar valor a aplicacdo Web; (ii) a aplicacdo deve aproveitar os pontos fortes
do novo modo de interagdo e anular suas fraquezas; e (iii) os usudrios necessitam ter o hardware e
o software necessdrios para utilizar o novo modo.

No desenvolvimento de interfaces multimodais acessados por diversos dispositivos €
necessario considerar a adaptacdo da interface de usudrio no processo de fissao.
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2.4.4 Desafios Relacionados a Sistemas Multimodais

Embora muito se tenha avancado em relagdo aos sistemas de interacdo multimodal
desde a década de 80, muitos desafios permanecem. Bernsen e Dybkjer (2010, p. 418)
apresentam trabalhos futuros para a comunidade de interacdo multimodal, das quais cita-se:

e Descrever modalidade, propriedades, aptiddo, relacionamentos, extensdo da
taxonomia para as midias de sabor e cheiro. Novas combina¢des de modalidade.
Predi¢do de usabilidade;

e Estabelecer linguagens de representacdo gerais e esquemas de cédigo para todos os
niveis de comunicac¢do e acdo humana. Disponibilizar mais colecdes de dados,
gratuitos e de dominio publico, sobre comportamento para andlise e treinamento
de componente;

e Novas formas de usar métodos de usabilidade conhecidos com modalidades e
combinacdes novas e de dificil explicagdo;

e Decompor de modo mais adequada e em conformidade com principios de
usabilidade em niveis superiores € nos proximos niveis. Todas as modalidades e
combinacdes de modalidades tratadas iguais em diretivas de IHC e propostas de
padroes para novas combinac¢des de modalidade e para usabilidade geral, se
possivel;

e Melhorar a coleta de dados em interagdo com dispositivo mével e ubiqua e testes
em campo.

Considerando tais desafios, a seguir, discutimos os avangos entre 2010 e 2013.

Williamson, Crossan e Brewster (2011) descrevem que um dos desafios €
desenvolver sistemas multimodais considerando questdes de usabilidade e realizar testes fora de
laboratério com os sistemas criados. Os autores desenvolveram um sistema de leitura de noticias
que utiliza a modalidade de gestos com mao como entrada de dados e de fala para a saida de
dados. O usudrio controla a leitura das noticias por meio de braceletes desenvolvidos com
acelerdmetros e giroscopios, que possibilita que o usudrio faca gestos movimentando o punho.
Nesse estudo, percebeu-se que os usudrios se sentem mais confortdveis em realizar os gestos nas
ruas do que em transportes publicos devido ao tempo de exposi¢do a uma pessoa desconhecida
ser menor na rua do que no transporte publico. Esse desconforto estd relacionado com a
aceitabilidade social do sistema.

Outro desafio € desenvolver sistemas multimodais de forma automatizada ou semi-
automatizada. Ertl e Kaindl (2012) afirmam que, embora os gerados automaéticos de interface de
usudrio ainda ndo sejam amplamente empregados, muitas pesquisas foram realizadas
possibilitando uma boa compreensiao do problema. Mas pouca compreensdo se tem em relacao a
geracdo automdtica de interfaces multimodais. Os autores propdem uma abordagem que parte de
um modelo de interface independente de modalidade, passando por refinamentos até produzir a
interface relacionada com modalidades especificas e caracteristicas da plataforma. Os autores
desenvolveram algumas ferramentas que auxiliam a geracdo semiautomadtica de interfaces
multimodais considerando as modalidades de fala e de ajuste de movimento
(aceleragdo/desaceleracdo) de um robd, chamada de Motion Cue.
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A interacdo entre humanos e robos € outro desafio de pesquisa na qual estdo sendo
utilizadas técnicas de interacdo multimodal. Bodgdan ef al. (2011) apresentam um estudo de
aplicacdo da interacdo multimodal em robds com interacdo social, no qual projetam e avaliam
movimentos do corpo de um robd com suporte a comunicacdo, analisando a ideia de utilizar o
ajuste da velocidade e orientacdo do robd. Para a realizacdo de testes, escolheram um cendrio
onde um carrinho de compras robotizado oferece produtos por meio de dudio e GUI para o
usudrio enquanto ambos se movimentam em um ambiente semelhante a um supermercado, e
demonstram que se o robd diminuiu a velocidade de movimento perante uma oferta, os usudrios
sdo mais propensos a reagir e levar o produto.

O uso conjunto de modalidades tem sido objetivo de pesquisas nos dltimos anos. Um
dos casos € o uso conjunto do reconhecimento de gestos por toque e reconhecimento de voz,
chamado de reconhecimento voz-tatil (do ingl€s haptic voice recognition) (Sim et al., 2012). Os
autores descrevem que o “reconhecimento voz-tdtil € uma interface multimodal projetada para
entrada de texto eficiente e robusta nos modernos dispositivos méveis”. Nessa combinagdo de
modalidades, o computador ird reconhecer a fala do usuario, normalmente convertendo-a em
texto digitado, com o apoio de informacdo obtida por meio do toque em teclas de um teclado
virtual ou por reconhecimento de letras desenhadas por gestos. Por exemplo, Sim et al. (2012)
descrevem que o usudrio pode falar a frase e digitar a primeira letra de cada palavra no teclado
virtual, possibilitando assim que o algoritmo de reconhecimento de fala use as letras
recebidas/reconhecidas como informacdo pois oferecem indicios do inicio de cada palavra e
também da palavra a ser reconhecida. Resultados apontados pelos autores mostram que essa
técnica possui vantagens nos critérios de efici€éncia, acurdcia e robustez em relacdo a técnica de
reconhecimento automatico de fala (do inglés Automatic Speech Recognition, conhecida pela
sigla ASR), amplamente empregada quando se trata de reconhecimento de fala.

O uso conjunto de toque e caneta tem sido explorado por vérios trabalhos (Brandl e?
al., 2008; Hinckley et al., 2010; Hamilton, Kerne e Robbins, 2012), e sistemas que empregam
essas modalidades possibilitam a interacio unimodal com caneta, unimodal com toque e
multimodal com entrada da caneta e toque. Hinckley er al. descrevem que nos anos 90 os
dispositivos suportavam somente o uso de toque ou de caneta, e a tecnologia ndo diferenciava o
contato feito pelo dedo ou pela caneta. Uma nova geracdo de dispositivos esta emergindo que sao
sensiveis a multitoque enquanto distingue caneta do toque, possibilitando utilizar a caneta e o
toque ao invés de somente a caneta ou toque. As interagdes por caneta e por toque sao realizadas
por meio das maos do usudrio, assim estudos de combinac¢do dessas duas modalidades envolvem:
(1) as diferencas e semelhancgas entre a caneta e o toque; (ii) o uso da caneta com a mesma mao
que se realizard o toque (interacdo bimanual), ou a realiza¢do do toque com a mao que nio esti
segurando a caneta (interacdo unimanual); (ii1) as preferéncias do usudrio frente as alternativas
possiveis.

Hinckley et al. (2010) iniciam seu trabalho por meio de observagdes sobre o uso de
papel e cadernos fisicos pelas pessoas, e descrevem:

“h4 um rico conjunto de comportamentos profundamente enraizados que
as pessoas exibem quando se trabalha com caneta, papel, recortes,
paginas e livros, tanto com stylus quanto por manipulacdo somente com
caneta, que diferenciam os papéis de caneta e toque” (Hinckley et al.,
2010, p. 27, tradug@o nossa).
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Segundo Hamilton, Kerne e Robbins (2012), os projetos de interacdo a caneta em
conjunto com toque encontrados atualmente sdo baseados na metdfora de mesa de trabalho
baseada em papel (como o trabalho de Hinckley et al. 2010): a m@o nao dominante € usada para
manipular artefatos, enquanto que a mao dominante realiza interagdes precisas usando a caneta.

Hamilton, Kerne e Robbins (2012) descrevem que as modalidades de interagcdo
baseada em caneta, multitoque, e mouse + teclado sdo fundamentalmente diferentes. Logo
comparagdes diretas de performance sdo dificeis de serem realizadas, e poucos estudos
quantitativos foram feitos.

Estudos recentes estdo utilizando sinais captados por sensores cerebrais como um
modo de interacdo em sistemas multimodais. Nesse contexto existe uma relacdo entre as
Interfaces Humano-Computador e as Interfaces Computador-Cérebro. Poel et al. (2012)
descrevem que esta alternativa de uso das Interfaces Computador-Cérebro € um desafio, mas que
pode enriquecer as tradicionais formas de interacdo. Segundo os autores, a maioria das Interfaces
Computador-Cérebro nao provém uma confidvel e eficiente forma para controlar entrada de
dados e sdo dificeis de aprender e usar comparada a outros modos disponiveis. Portanto propdem
a mudanca do uso conceitual das Interfaces Computador-Cérebro como um ator (controle de
entrada) em Interfaces Computador-Cérebro como um sensor inteligente. Os sinais obtidos por
meio dos sensores podem ser utilizados para inferir o estado do usudrio e adaptar a interface de
um sistema.

Pesquisas estdo sendo utilizadas para averiguar o potencial da multimodalidade no
contexto da acessibilidade. Turunen er al. (2005) realizaram um estudo envolvendo trés
abordagens investigando o uso de um sistema multimodal com modalidade de fala desenvolvido
para dispositivos méveis com o propdsito de prover informagdo a respeito do transporte publico.
Knudsen e Holone (2012) apresentam um projeto com o proposito de implementar um sistema
multimodal que possibilita a usudrios cegos ou com visao deficiente navegar na Internet por meio
de dispositivos méveis. Embora promissores e com resultados parciais positivos, os trabalhos
descritos encontram-se em andamento.

Outro objeto de pesquisa que envolve a multimodalidade sdo as interfaces adaptativas
em dispositivos modveis, na qual a modalidade de entrada € automaticamente adaptada baseada
em informacdes contextuais como condi¢do fisica do ambiente (luz e barulho) e localizacdao
(parque, escola, local publico aberto, casa). David et al. (2011) propdem um framework para
construir aplicagdes para dispositivos moveis com essa caracteristica. Dumas, Solérzano e Signer
(2013) propoem oito diretivas para serem aplicadas no projeto de sistemas adaptativos
dependendo de contexto com interacdo multimodal para dispositivos méveis. Entre as diretivas
propostas pode-se citar: a realizacdo de uma andlise do contexto, definicdo de modalidades
adequadas para cada contexto, selecdo de tarefas que oferecerdo comportamento multimodal e
defini¢do de modalidades equivalentes para tarefas multimodais.
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2.5 Adaptacio da Interface de Usuario

Existem estudos dentro da area de IHC que se preocupam com a adaptacdo da
interface de usudrio conforme um conjunto de caracteristicas do dispositivo utilizado, como por
exemplo, o tamanho da tela ou se a tela € colorida ou preta e branca, que nao estdo diretamente
vinculados a pesquisas de interfaces multimodais. Muitos dos trabalhos desenvolvidos nesta drea
de pesquisa se baseiam no desenvolvimento de algoritmos para modificagdo automdtica de
paginas Web, possibilitando o acesso dessas pdginas em dispositivos méveis. Exemplo temos as
transformacdes Migracdo Direta, Migragcdo Linear e Visdo Geral propostas por MacKay, Watters
e Duffy (2004).

Bickmore e Schilit (1997) apresentam uma proposta para adaptacdo da interface de
paginas Web para serem exibidas apropriadamente em dispositivos de telas pequenas. A
adaptacdo € realizada em um servidor Proxy, que ao receber uma requisicdo HTTP, processa a
pagina desejada e realiza um conjunto de transformacdes na estrutura da péagina para alcancar
uma melhor visualizacdo. As transformacdes seguem um algoritmo baseado em heuristicas, que
foram elaboradas por meio de uma andlise de modificacdes feitas em um conjunto de paginas
disponiveis na Web e que foram adaptadas para melhor visualizacdo em dispositivos de telas
pequenas.

O trabalho de Bickmore e Schilit (1997) se destaca na analise da estrutura da pagina
Web para melhorar a visualizacdo, mas o trabalho ndo considera outras midias como dudio e
video, as caracteristicas do usudrio, do dispositivo e da rede para acessar a pigina Web.
Bickmore e Schilit (1997) nao discutem a usabilidade do sistema, limitando-se a tornar acessivel
a Web para dispositivos de tela pequena.

Nesse contexto, Zhang (2000) apresenta um framework para sistemas de entrega de
conteddo adaptativo em ambientes heterogéneos (ambientes que usudrios possuem acesso ao
sistema por meio de multi-dispositivos) cujo objetivo principal € melhorar a acessibilidade do
conteddo considerando as mudancas da rede e as condicdes dos dispositivos para a visualiza¢do
do contetido. O framework é composto por médulos responsdveis por:

1) adaptar o contetiido, seja texto, imagem, dudio ou video, chamado Mdédulo de
Adaptacio;

i1) descobrir as caracteristicas do equipamento do usudrio, da rede e das preferéncias
do usuario, chamado Mddulo de Monitoramento de Usuario/Cliente/Rede;

1) mdquina de decisdes, que analisa os dados obtidos pelo Modulo de
monitoramento do Usudrio/Cliente/Rede e solicita ao Mddulo de Adaptacdo a entrega do
conteudo adaptado.

Coninx et al. (2003) apresentam uma proposta de framework para gerar interfaces de
usudrio para sistemas embarcados e dispositivos computacionais moéveis que facilite o trabalho
dos projetistas e dos implementadores. A abordagem € dividida em passos para:

1) especificar a tarefa e realizar anotacdes nas tarefas para alimentar o framework;
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ii) especificar a interacdo da interface de usudrio com a implementacdo das regras de
negdcio;

iii) gerar a interface utilizando as restricdes do dispositivo, as restri¢des de layout e os
componentes disponiveis para o dispositivo.

O objetivo de Coninx et al. é a elaboracdo de interfaces de usudrio faceis de migrar,
reusdveis e consistentes, pois possibilita que uma interface de usudrio seja automaticamente
adaptada para novos dispositivos, oferecendo as mesmas funcionalidades, sem a necessidade de
reprojeto. Coninx et al. comentam que mais estudos sdo necessdrios para considerar o requisito
de usabilidade nas interfaces geradas.

Uma abordagem com ideia similar a de Coninx et al. é apresentada por Berti et al.
(2004), que propoem o TERESA, um ambiente baseado em transformacdes para projetar e
desenvolver interfaces para multi-dispositivos. Esse ambiente € baseado em modelagem de
tarefas, contando com os seguintes passos:

1) modelagem de tarefas em alto nivel do sistema multi-contexto;

ii) desenvolvimento do modelo de tarefas do sistema para as diferentes plataformas
consideradas;

ii1) obtenc¢do de uma interface de usudrio abstrata;

1v) geracdo da interface de usudrio.

Pyla et al. (2006) discutem a consisténcia do sistema e da migracdo sem costuras da
tarefa na realizacdo de atividades usando diversos dispositivos. Ao enfatizar a consisténcia do
sistema (seja no nivel de interface de usudrio, no nivel de tarefa, ou simplesmente no nivel de
dados), Pyla et al. acreditam que é criado um espago vazio na execucao da tarefa, chamando esse
espaco de descontinuidade da tarefa. E para minimizar o impacto dessa descontinuidade, as
tarefas devem ser distribuidas de forma complementar nos dispositivos a serem utilizados. A
consisténcia da interface de usudrio somente deve ser garantida apds distribuir adequadamente as
tarefas.

Embora Pyla et al. discutam a necessidade da migracdo sem costuras das tarefas ao
utilizar multi-dispositivos, criando o conceito de Interfaces de Usuario Continua (Continuous
User Interfaces), eles limitam-se a apresentar algumas funcionalidades essenciais para que seja
possivel a migragdo sem costura das tarefas (como a necessidade de alguns ou de todos os dados
associados com o sistema serem transferidos de um dispositivo para outro) e ndo apresentam uma
arquitetura para sistemas que respeitem a migracdo sem costuras das tarefas.

Oliveira e Rocha (2007) e Oliveira (2008) propdem prioridades de consisténcia no
projeto de interfaces de usudrio multi-dispositivos objetivando melhorar a usabilidade e a
experiéncia do usudrio quando realizar tarefas similares em diferentes dispositivos. Baseado em
um modelo de atualizacdo do modelo mental do usudrio, Oliveira e Rocha propdem 3
prioridades:
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i) Percepcdo de Tarefa, define que os mecanismos de controle para executar uma
tarefa e a disposi¢cdo desses controles devem ser iguais;

ii) Execucdo da Tarefa, define que as mesmas ac¢des devem ser realizadas para
executar uma tarefa;

iii) Personalizacdo da Tarefa, que define possibilitar a mudanga da Percep¢do da
Tarefa e da Execu¢do da Tarefa de acordo com as preferéncias do usudrio.

Comentando em relagdo ao uso das prioridades de consisténcia em interfaces de
sistemas para dispositivos que variam de estilo de interacdo (por exemplo, Mdiquinas ATM,
Tablet PCs e telefones), Oliveira e Rocha descrevem que ndo ha possibilidade de perceber e
realizar a tarefa do mesmo modo. E que neste caso o objetivo € prover a mesma percepcao e
consisténcia no modo de execugdo da tarefa de uma perspectiva logica, seja por meio de palavras
digitadas, escritas ou ditas.

Em relacdo a navegacdo de paginas Web em dispositivos méveis equipados com tela
sensivel ao toque, Maurer et al. (2010, p. 742, tradu¢do nossa) realizaram alguns estudos de
usabilidade e descrevem que “mais e mais pessoas preferem usar o conteudo original ao invés da
versdo movel, especialmente para usudrios de dispositivos moéveis da nova geragdo como 0s
celulares iPhone e Android”. Outro resultado desse trabalho aponta que os usuarios preferem usar
o site Web padrdo ao invés de uma versao ajustada para os dispositivos moveis. Mas Schmiedl et
al. (2009) apresentam uma opinido diferente: em suas pesquisas eles concluem que a maioria dos
usudrios prefere a versdo ajustada. Kaikkonen (2008) acredita que as versoes padrdo e ajustada a
dispositivos méveis de um site Web sdo ambos usados mas com razdes diferentes.
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Capitulo 3
Objetivo e Metodologia de desenvolvimento

3.10Dbjetivo da Tese

No Capitulo 1 foram apresentadas a problemadtica e a motivacdo da realizacdo deste
trabalho: com o avango da tecnologia, diversos dispositivos computacionais estdo sendo
construidos, muitos com poder de processamento suficiente para acessar e renderizar piginas
Web e, consequentemente, acessar os ambientes de EaD. Diferentes dispositivos possibilitam
diferentes experi€ncias de interacdo e funcionalidades e € necessdrio que a interface de usudrio
seja projetada para aproveitar melhor o dispositivo e seus periféricos. Focalizar o
desenvolvimento de interface para um dispositivo possibilita criar uma interface arrojada que
aproveita as oportunidades de interacdo oferecidas pelo dispositivo, mas torna a tarefa dos
designers de sistemas demasiadamente trabalhosa, necessitando criar diversas interfaces e manter
um modelo conceitual consistente entre eles. Outro fator € o grande aumento do cddigo, pois cada
interface necessita ser transformada em cdédigo, tornando onerosa a manutencdo das vérias
interfaces construidas, tanto na identificacdo de problemas quanto no acréscimo de novas
funcionalidades.

No Capitulo 2 foram apresentados conceitos que embasam teoricamente este trabalho,
envolvendo: o design de interfaces de usudrio e teorias do desenvolvimento e avaliacdo de
interfaces de usudrio; o emprego de modalidades de interacdo e o desenvolvimento de aplicagdes
que exploram algumas modalidades; o emprego da multimodalidade na intera¢do e o impacto de
sua adocdo.

Frente a motivacdo de permitir que ambientes de EaD sejam acessados por uma
amplitude maior de dispositivos, e aproveitar melhor as oportunidades de interacdo oferecidas
pelos diferentes periféricos de entrada e saida, propde-se pensar na utilizacdo do conceito de
multimodalidade na interface de usudrio para que, entdo, seja possivel que os ambientes de EaD
sejam acessiveis por essa variedade de dispositivos e. também, se beneficiem das caracteristicas
dos periféricos de interagdo que compdem o dispositivo. Devido a quantidade de dispositivos
computacionais existentes € dificil projetar uma interface para cada dispositivo necessitando,
assim, projetar um ndmero limitado de interfaces, ou uma unica quando possivel que permita a
interacdo do usudrio com boa usabilidade. Propomos a adocdo da multimodalidade para
possibilitar o acesso por diversos dispositivos.

Para desenvolver esta tese, este trabalho estudou o impacto das mudancgas de
modalidades em ambientes de EaD considerando a entrada de toque e a caneta, e estudou as
possibilidades de uma interacdo multimodal nos ambientes de EaD. Percebeu-se que o impacto
da multimodalidade pode ir além de possibilitar acesso por diversos periféricos de interacao,
podendo emergir novas funcionalidades nas ferramentas que apoiam préaticas de

31



32

ensino e aprendizagem que eram dificeis de serem realizadas nos ambientes de EaD. Ou seja, o
impacto da multimodalidade pode ir além da interacdo entre usudrio e computador, e possibilitar
novas tarefas e praticas que possibilitem que determinados conteiidos sejam produzidos nos
ambientes de EaD. Para implementar a interacdo multimodal em um ambiente de EaD ¢é
necessario uma arquitetura, proposta desta tese.

A abordagem de pesquisa adotada, além de uma revisio da literatura sobre
multimodalidade, que foi apresentada no Capitulo 2, incluiu trés principais grupos de atividades:

(1) Averiguar os problemas de interacdo que ocorrem ao acessar ambientes de EaD
por modalidades que ndo foram consideradas durante a especificagdo de sua interface;
(i1)) Desenvolvimento de uma ferramenta, a partir de uma ferramenta existente no
ambiente, que aproveite os beneficios das modalidades de entrada a caneta e
multitoque;

(111) Proposta de uma arquitetura para ambientes de EaD com interacdo multimodal.

O item (i) foi feito em dois ambientes de EaD, o TelEduc e o Ae, enquanto que para o
item (i1) foi a implementacdo de uma ferramenta no ambiente Ae, € o item (iii) propde uma
arquitetura para ambientes de EaD com interacdo multimodal a partir do ambiente Ae. Na
proxima Secdo serdo detalhados cada uma dos grupos de atividades.

3.2Conducao do Trabalho

Esta tese € composta por 9 capitulos, sendo que os capitulos de 4 a 8 sdo compostos
por artigos publicados em anais de conferéncias ou em revistas periodicas (journals). O Capitulo
9 apresenta as conclusdes deste trabalho, uma reflexdo a respeito dele e trabalhos futuros. Os
capitulos demonstram os encaminhamentos que foram dados para desenvolver esta pesquisa
preocupando-se sempre em apresentar os resultados obtidos e, via feedback da comunidade,
conduzir os proximos passos.

Na sequéncia, sdo apresentadas as referéncias e sinteses dos artigos publicados
ressaltando-se as suas contribuicdes:

[Capitulo 4] DA SILVA, A.C.; DA ROCHA, H.V. (2012) Experiences in use Tablet
PC to Support Student’s Activities: Five Years of an Exploratory Study. In:
INTERNATIONAL CONFERENCE ON MOBILE, HYBRID, AND ON-LINE
LEARNING, 4, 2012, Valéncia, Espanha. Proceedings... IARIA, 2012. p. 38-43.

Ponto inicial do desenvolvimento deste trabalho, descreve o uso do Tablet PC em
atividades desempenhadas por um aluno dentro e fora da sala de aula. Dentre as atividades cita-se
(1) anotacdes de aulas, (ii) leitura de textos destacando partes relevantes e (iii) resolucdo de
exercicios. Trés aplicativos sdo utilizados ao longo do estudo para apoiar as atividades: Adobe
Acrobat Professional, Windows Journal e Jarnal. Os dois dultimos aplicativos foram
desenvolvidos especificamente para Tablet PC mas, conforme relata o artigo, contém problemas
de usabilidade que impactam na sua utilizacao.
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Um dos problemas apontados no trabalho é a dificuldade na colaboracdo entre
usudrios com diferentes dispositivos. Troca de conteidos, sejam anotacdes de aula ou resolucao
de exercicios, é uma atividade corriqueira entre estudantes. No estudo, um usudrio utilizava o
Tablet PC, sendo que os demais utilizavam computadores convencionais. O trabalho relata a
dificuldade de troca de documentos entre eles, pois € necessario adotar um padrdo comum aceito
entre os dois dispositivos. Essa dificuldade pode limitar as agdes realizadas pelos usudrios ou
adicionar tarefas para que a incompatibilidade de dados entre os dispositivos seja contornada.
Essa complexidade a mais € indesejada em contextos onde podem haver multi-dispositivos, como
€ o caso dos ambientes de EaD.

Logo, uma certa transparéncia de tecnologia € necessdria, para que a troca de dados
entre os diferentes dispositivos seja realizada sem impactar na usabilidade. Mas os usudrios
precisam saber os periféricos disponiveis e quais as funcionalidades disponiveis para o
dispositivo utilizado e, assim, poderem elaborar um modelo mental de utilizacao das ferramentas
do ambiente de EaD.

[Capitulo 5] DA SILVA, A.C.; FREIRE, M.P.F; DA ROCHA, H.V. (2012) Identifying
Cross-Platform and Cross-Modality Interaction Problems in e-Learning Environments.
In: INTERNATIONAL CONFERENCE ON ADVANCES IN COMPUTER-HUMAN
INTERACTIONS, 6, 2013, Nice, Franca. Proceedings... IARIA, 2013. p. 483-487.

DA SILVA, A.C.; FREIRE, M.F.P; DE ARRUDA, A.V.P.; DA ROCHA, H.V. (2013)
Interaction Problems Accessing e-Learning Environments in Multi-touch Mobile
Devices: a case study in TelEduc. In: TADIS MULTI CONFERENCE ON
COMPUTER SCIENCE AND INFORMATION SYSTEMS - IADIS
INTERNATIONAL CONFERENCE ON E-LEARNING, 2013, Praga, Republica
Tcheca. Proceedings... IADIS Press, 2013. p. 199-206.

O Capitulo 5 é composto por dois artigos que tratam a identificacdo de problemas
oriundos da mudanca de modalidade. O primeiro artigo apresenta alguns problemas identificados
por um especialista em interagdo ao analisar a interface de usudrio do ambiente virtual de
aprendizagem TelEduc acessando por meio de dois dispositivos com tela sensivel ao toque: um
celular inteligente e um Tablet PC. Ao analisar os problemas encontrados, percebeu-se que eles
podem ser categorizados em (i) problemas de interacdo sem relagdo com a mudanga de
modalidade ou plataforma; (ii) problemas de interacdo relacionados com a mudanca de
plataforma; (ii1) problemas de interagdo relacionados com a mudanca de modalidade.

O segundo artigo possui 0 mesmo objetivo, entretanto utiliza testes de usudrio para
identificar problemas de interacdo ao acessar o ambiente TelEduc por meio de celulares
inteligentes com tela sensivel ao toque. Os problemas identificados sdo encaixados nas categorias
definidas no artigo anterior. Para os problemas encontrados sdo apresentadas solucdes, algumas
simples, mas que possibilitam uma melhor interacio com o ambiente de EaD no dispositivo
utilizado.

Neste trabalho percebe-se a relacdo de dependéncia entre os periféricos de interagdo,
o sistema operacional e os navegadores disponiveis no dispositivo. Por exemplo, os navegadores



34

atuais e sistemas operacionais dos Tablet PCs realizam um simples mapeamento entre agcdes com
a caneta em a¢des do mouse, com exce¢do de pequenos gestos navegacionais.

[Capitulo 6] DA SILVA, A.C.; DA ROCHA, H.V. (2013) InkBlog: A Pen-Based Blog
Tool for e-Learning Environments. Issues in Informing Science and Information
Technology, vol. 10, p. 121-135, 2013.

DA SILVA, A.C.; DA ROCHA, H.V. (2014) Improving e-Learning Environments for
Pen and Multi-touch Based Interaction: A study case on blog tools and mobile devices.
In: INTERNATIONAL CONFERENCE ON MOBILE, HYBRID, AND ON-LINE
LEARNING, 6, 2014, Barcelona, Espanha. Proceedings... IARIA, 2014. p. 44-50.

O Capitulo 6, formado por dois artigos, apresenta um trabalho pioneiro no contexto
da plataforma Web, ambientes de EaD e interacio baseada em caneta: o InkBlog, uma ferramenta
de blog que possibilita aos usudrios postarem mensagens manuscritas ou desenhos elaborados por
meio de uma caneta. At€é o momento, as ferramentas que exploram o conceito de Pen-Based
Computing eram especificamente destinadas ao dispositivo baseado em caneta e fora da
plataforma Web. As funcionalidades foram extraidas na experi€ncia obtida ao realizar o trabalho
descrito no Capitulo 4, gerando uma primeira versao da ferramenta. Apds estudos sobre o uso da
ferramenta InkBlog em dispositivos mdveis com interacdo a toque € a caneta, uma nova versao
foi gerada, suportando também a interacao multitoque.

Neste trabalho percebe-se que a dependéncia entre periféricos de interagdo, sistema
operacional e navegador, pode limitar o aproveitamento dos recursos de interacdo. A arquitetura
da Web, que embasa os navegadores e a forma de navegacdo nas paginas Web, impde ao
desenvolvedor restri¢des. E o caso da geracdo da tinta eletronica nos ambientes de EaD, cuja
entrada da caneta necessitou ser tratada como entrada de dados do mouse (por exemplo, eventos
mouseover e mousedown da linguagem JavaScript que informam a pagina Web se o ponteiro esta
sobre um elemento ou se o botdo do mouse foi pressionado).

Essa limitacdo tecnoldgica ird restringir a implementag¢do dos ambientes de EaD com
multimodalidade, pois os eventos que o navegador trata sio mapeados para eventos de mouse,
como serd explicado logo ap0s a sintese do Capitulo 7.

[Capitulo 7] DA SILVA, A.C.; DA ROCHA, H.V. (2013) e-Learning Environment
with Multimodal Interaction: A proposal to improve the usability, accessibility and
learnability of e-learning environments. In: INTERNATIONAL CONFERENCE ON
ADVANCES IN COMPUTER-HUMAN INTERACTIONS, 6, 2013, Nice, Franca.
Proceedings... IARIA, 2013. p. 483-487.

DA SILVA, A.C.; DA ROCHA, H.V. (2013) Architecture for e-Learning
Environments with Multimodal User Interface. In: IADIS MULTI CONFERENCE ON
COMPUTER SCIENCE AND INFORMATION SYSTEMS - IADIS
INTERNATIONAL CONFERENCE ON INTERFACES AND HUMAN COMPUTER
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INTERACTION AND GAME AND ENTERTAINMENT TECHNOLOGIES, 2013,
Praga, Republica Tcheca. Proceedings... IADIS Press, 2013. p. 165-172.

Adotar multimodalidade em um software implica a ado¢do de componentes que
tratam a multimodalidade mas, também, na criagdo de interfaces entre os componentes da
multimodalidade e do software. No caso dos ambientes de EaD, que possuem um conjunto amplo
de ferramentas, de funcionalidades dispostas nessas ferramentas, de papéis e permissoes, ¢é
necessdrio que esses componentes se relacionem. O Capitulo 7 é composto por dois artigos, o
primeiro, um artigo resumido apresentado em um workshop de teses, € o segundo, continuacio
do trabalho, apresenta um maior nimero de relacionamentos e cendrios que exemplificam a
necessidade do interfaceamento dos componentes.

Entretanto, multimodalidade de entrada envolve receber dados oriundos de varios
periféricos de entrada, podendo esses dados serem coletados a0 mesmo tempo. A implementacao
atual dos sistemas operacionais e navegadores torna dificil a coleta de dados a partir de diversos
periféricos, por exemplo, o uso da caneta eletrOnica e os dedos para entrar com os dados. Como,
para essas duas modalidades, o sistema operacional “traduz” para o navegador (e,
consequentemente, para a aplicacio Web) como um conjunto de agdes realizadas pelo mouse
sobre um ponteiro (a saber, tinico), ndo € possivel ao usudrio utilizar essas duas modalidades ao
mesmo tempo.

Essa relac@o entre sistema operacional e navegadores também impossibilita a criagdo
de gestos especificos da aplicagdo Web, conforme aponta o Capitulo 8.

[Capitulo 8] DA SILVA, A.C.; DA ROCHA, H.V. (2013). Challenges for e-Learning
Environments in m-Learning Contexts: A survey about the hardware, software and
educational dimensions. In: INTERNATIONAL CONFERENCE ON MOBILE
UBIQUITOUS COMPUTING, SYSTEMS, SERVICES AND TECHNOLOGIES, 7,
2013, Porto, Portugal. Proceedings... IARIA, 2013. p. 20-25.

Baseado nos trabalhos anteriores, este artigo discute a existéncia de uma influéncia
entre as partes tecnoldgicas (hardware e software) e questdes educacionais (atividades de ensino-
aprendizagem) quando se utilizam dispositivos méveis e ambientes de EaD. A mudanca da
modalidade de interacdo, os equipamentos existentes no dispositivo, bem como o navegador e
aplicativos instalados no dispositivo mével, além de influenciar na interacdo entre o usudrio € o
ambiente, também podem influenciar nas atividades de ensino-aprendizagem.

Assim, acreditamos que, para especificar atividades de ensino-aprendizagem, ¢é
necessario compreender quais dispositivos o aluno estard utilizando para interagir. Por exemplo,
celulares inteligentes possibilitam uma rdpida resposta devido a sua portabilidade, mas pode
impactar na elaboracdo de textos, ocasionando textos mais curtos. Por outro lado, pode
potencializar as atividades de ensino-aprendizagem, como por exemplo, possibilitar aos alunos a
criacdo de podcasts devido a gravagdo de dudio por meio dos celulares inteligentes.
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Nesse contexto de diversidade de dispositivos, a tarefa do professor se torna ainda
mais dificil em relagdo a especificacio das atividades de ensino-aprendizagem. E necessario
pensar nos periféricos que os alunos terdo a sua disposi¢do (podendo ser que um grupo de alunos
tenha periféricos diferentes de um outro grupo). Assim, exige-se ndao somente a
interoperabilidade de dados para que um determinado dispositivo possa visualizar o contetido
gerado por um outro dispositivo, mas flexibilidade na atividade de ensino-aprendizagem que
possibilite aos alunos desempenharem as atividades usando os dispositivos que tém.

Perceber a influéncia entre os periféricos e as atividades de ensino-aprendizagem, e a
relagdo entre modalidade e curso (contexto educacional), conforme os ambientes de EaD se
beneficiem de uma modalidade, possibilitard um maior sucesso em seu emprego no contexto
educacional.



Capitulo 4

Uso de Tablet PC em Atividades Estudantis

Este Capitulo € composto por um artigo completo publicado na quarta edicdo da
Conference on Mobile, Hybrid, and On-Line Learning, em 2012. Como descrito no Capitulo 3, o
artigo apresenta o ponto inicial de desenvolvimento deste trabalho, descrevendo o uso do Tablet
PC em atividades desempenhadas pelo autor deste trabalho dentro e fora de sala de aula.

Dentre os problemas apontados no trabalho destaca-se a dificuldade na colaboragdo
entre usudrios com diferentes dispositivos, o que pode limitar as agdes realizadas ou adicionar
tarefas com o objetivo de contornar a incompatibilidade de dados entre os dispositivos. Essa
adicio de tarefas dificulta o wuso das ferramentas e a adocdo do dispositivo.
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Experiences in use Tablet PC to Support Student’s Activities:

Five Years of an Exploratory Study
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Abstract— Since 2006 we are studying the use of Tablet PCs in
academic environment to support learning activities in and out
classrooms. This article resume a five years of Tablet PC use in
many learning activities, since 2006 until 2011, describing how
this device was used. In the exploratory study, the student
deals with some interaction problems that are described here.
One conclusion is the difficult to find software for Tablet PC
that offer functions to support the broad of student’s activities,
but the main contribution is the perception of the usability
decrease when use software designed to desktop PC in Tablet
PCs.

Keywords-Hardware/software
communications, computing
usability, pen-computing.
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L INTRODUCTION

The recent technology forwards minimize part of the
commons problems in the mobile computing: connectivity,
length and processor capacity. This possibility brings a
broad of new applications made to support many areas,
inside this arcas we can highlight the education. One of the
mobile devices that are gained repercussion in this scenario
is the Tablet PC. a device with height is similar to a
notebook and have an input device similar a pen.

The paper and pen metaphor implies that tasks performed
before in paper, like draw or manuscript writing, can be
more natural in the Tablet PC than in the another computing
devices. So, educational applications for contexts where
paper and pen usually are presents can benefits from this
new interaction style and from pen-computing, it offers
better use experiences for teachers and students.

Backon [l] says that the keyboard allows a rapid
typewriting and do texts structured by topics. but only pen
can allow a creativity increment, better flexibility and a
natural record of the think development process and
rationale in all stages (ideal requirements for the educational
environment), aging like a direct hand extension. For
example in the resolution of complex problems with a large
calculus solution, by using applications is possible to record
all the steps and draw diagrams that explain the problem
resolution, step by step.

When move the pen in the screen. the pen trace should
result in electronic ink that must be treated by the application
to be rendered and stored. But desktop applications, that
running in the Tablet PCs, do not treat electronic ink, so it is
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necessary special applications, applications that treat
electronic ink, to have benefices of the pen interaction style.

But more than treat electronic ink, witch more attributes
differs desktop applications and Tablet PCs applications?
Which design issues can be extracted from these attributes
and used in the design of good usability applications for
Tablet PCs?

To answer these questions. it is necessary collect and
analyze the use of Tablet PC applications that support the
user in the educational context, a student. So. the initial
question is which available applications can be used in the
student’s day a day activities? Which functions are important
to support these activities? Intrigued by these questions, we
started to do an exploratory study with real use the Tablet
PC and some applications to support students activities. The
main objective of this paper is brings some answers lo these
questions describing this exploratory studies until 2011 that
began in the December 2006.

Section IT shows the adopted methodology for the
exploratory student and its context, and Section IIT presents
the Tablet PCs models used in the study, and Section IV
describes the used applications in this period. Section V
presents a resume of the use and the main problems the u
dealt. Section VI brings some design issues based on the
related problems. The conclusions are presented in Section
VIL

II. METHODOLOGY

The exploratory study goal is observing and describing
how the Tablet PC can be used to support students day a day
activities. So we used the following methodology:

- Identification of student activities in and out
classrooms:

- Identification of Tablet PCs applications that support
the identified activities;

- Use the collected applications for Tablet PC in the
activities;

- Analyze the use and collect the student opinion:

- Extract interaction problems.

The study is related with the winning project [2]
submitted for the 'Higher Education HP Technology for
Teaching Grant Initiative Recipients' [3], an international
awards where the best project receive financial support to
equip a classroom with Tablet PC and do the proposed
research project. The winning project was written in 2006 by
a group of researches from UNICAMP interested in study
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the use of Tablet PC in high education. This work is related
with this project. that dispose a Tablet PC for integral use.

II. TaABLET PCS AND USED MODELS

The Tablet PC is a computing device designed to
“imitate” a notebook, allowing the user interact with a pen.
Resuming, the Tablet PC has the following hardware
characteristics:

(i) Pen sensitive screen:

(ii) Screen that allow different positions (Fig. 1):

(ii1) Wireless network access by WLAN and bluetooth
technology:

(iv) Microphones and embedded loudspeakers;

(v) Keyboard (some models the keyboard are
detachable);

(vi) Batteries.

In this exploratory study, we used two HP Tablet PC
models, both models have processors similar with the
laptops in them build year. The first model. used between
2006 and 2008, is a HP/Compaq TC1100 (Fig. 1) [4] with a
1.2GHz processor and 1 Gb of RAM and a 10.4” screen.
Initially equipped with Windows XP Tablet Edition, after it
was change for Windows Vista with Portuguese manuscript
recognizer. After, we adopted Linux operation system
Ubuntu distribution.

The second model, a HP TouchSmart TX2-1040br (Fig.
2) [5] bought in December 2008, has a 2.2 GHz dual-core
processor with 3Gb RAM and a 127 screen. The installed
operation system was Windows Vista with Portuguese
manuscript recognizer. This model has the design more
similar to HP laptops but equipped with the hardware
described to Tablet PC. and have a touchscreen.

IV. APPLICATIONS FOR TABLET PC

Passed by 8 year that the Tablet PCs are commercial
explored, but there is few applications for them yet that can
be used in the educational context. Comparing the software
production for smartphones and the software production for
Tablet PCs, we can see that the Tablet PC ones is timid vet.

During the study case time, tree software for Tablet PCs
were used: Adobe Acrobat Professional [6]. Windows
Journal [7] and Jarnal [8]. All these software arc for doing
annotations or writing manuscript text.

The Adobe Acrobat Professional (Fig. 3) is a proprietary
software that allows the creation of .pdf files and the use of
some tools to typewriting text edition and doing annotations
using the Pencil tool for manuscript text and the Highlighter
tool for highlight parts of the text.

Figure 1. Different positions to use the HP/Compaq Tablet PC
model TC1100.
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Figure 2. Different positions to use the HP Tablet PC. model
TouchSmart TX2-1040br.
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Figure 3. Example of Adobe Acrobat Professional to do
annotations.
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The Windows Journal (Fig. 4) is a software that comes
with the Windows XP Tablet PC Edition and allow do
manuscript annotations with tools to change the
characteristics of the pen like fat width and color, and some
functions like highlight, select and erase annotations, and
commons applications functions like new file. open file, save
file, copy. cut and paste text and annotations, and insert
figures and text editor functions. like add or remove pages.

The Windows Journal save in a proprietary format (.jnt).
and to be viewed in a desktop computer needs a special
application, called Windows Journal Viewer, a software to
visualize the electronic ink saved in the .jnt file. Windows
Journal Viewer is distributed freely for Windows users.

The Jarnal is an application written in Java programming
language with functionality similar to the Windows Journal.
but it is multiplatform and free to use. Among the text editor
functions and manipulate the electronic ink, Jarnal allows
include files in the background so that is possible do
annotations direct over the document. This function allows
to use as background files like papers our presentations and
highlight import parts of the text with the Highlighter tool
(Fig. 5).

V. TAKING NOTES WITH TABLET PCs

The first contact with the Tablet PC occurred in a
Human-Computer Interaction classes, where the students
were challenged to design applications to this device
considering usability attributes. One of the applications
developed was the Interactive Logic Notebook [9]. But the
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Figure 4. Example of Windows Journal to do annotations into
classes.
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Figure 5. Example of using Jarnal to highlight text.

real use of the Tablet PC to support student activities
occurred between 2006 and 2008, when we used the Tablet
PC to do classes annotations and do exercises from Theory
of Computing. Software Engineering, Distributed Systems
and Informatics Applied in Education courses.

The first used model of Tablet PC was available for the
students in December 2006, month without classes at
UNICAMP. To stimulate the use and acquire experience in
use Tablet PC and software, the student decided to usc the
device to support her in research day a day activities.

The first task the student used the Tablet PC was analyze
an use case document available in .pdf format verifying
which use cases about an application was implemented
conform specified or identified points to update the
document when the difference was result from a decision
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process to change the design. The student’s goal was doing
marks in the text to signalize points that need to be updated
or points where the implementation needs to be reviewed.

The chose software was Adobe Acrobat Professional.
because the goal was do annotations in an existing .pdf file.
Some interactions problems where find in this use, resulting
in the adoption of another tool to make this kind of activity
in classroom.

The first problem dealt by the student when she used the
Adobe Acrobat Professional was the reception of input data
to render the electronic ink. In the manuscript writing, the
letters were rendered in a sharped form and sometimes only
a trace was showed. Maybe this problem was result from the
device do not match the hardware requirements that the
software needs. so the Adobe Acrobat did not received all
the points to draw correctly the electronic ink. This problem
occurred mainly in a short time to start the writing. To
resolve this problem, the student pressed the pen against the
screen, waiting one or two seconds and start to write the
word. But some letters become hard to recognize, because
the forgotten points that compose the electronic ink. The
solution adopted was written more slow.

Another interaction problem was related with the
electronic ink selection function that the Pencil tool have.
Pressing the pen near an existing electronic ink, the software
interpret this action has a electronic ink selection. This way
make hard write letters like “i”, 7, “k”, “", “¢” in the
manuscript way and accentuation. that require more than one
trace to written the letter. When the users will write the
second (race trace for one of these letters, the first trace
usually is moved to other position. The user strategy was
begin the second trace so far so that the second trace was
recognized has a new electronic ink and not has a selection
for the existing trace. But this strategy works fine with letter
“t”, and does not work to write the dot for the letters “i”" and
i and write the cedilla for letter c.

Another problem deal with the student is related with the
scroll bar position, disposed in the right corner. For a left-
handed person, the case of this student, when interact with
the scroll bar the arm embarrass the content visualization
that are moving, become hard to put the content in the
wished position. Another problem is the scroll bar width,
that for the use with a pen must be more fat. Using the scroll
bar in the default width, the student had the tendency to
cross the scroll bar borders when the pen was in the second
half of the screen. The pen cross the bar borders because the
movement of the fist over the screen (the movement is not a
straight line). When the pen cross the bar borders, the
software back the visualization to the content part viewed
before the scroll operation.

To scroll, the user adopted another tool that the Adobe
Acrobat Professional has. the Hand tool. This tool allow
press in any part of the content and scroll up or down.
allowing change the document visualization. The users said
the use of this tool is more efficient form to scroll the
document.

To shared this use experience, the student written a
manuscript text using the Jamnal application with the intent to
publish the text in the Messaging Board tool of TelEduc
environment, used as a communication platform among the
project tcam. But the Internet browsers do not support
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electronic ink or the Jarnal format, so the student tried to
publish the annotations as pictures, because her wanted to
maintain the manuscript way for her readers. To convert the
annotations made in the Jarnal application in pictures, it was
necessary save the annotations in a .pdf format (the Jarnal
does not have functions to convert annotations in pictures,
but have functions to save the annotations in .pdf format),
open the saved file and copy page by page using the Adobe
Reader’s Instant Photography tool. After the selection and
copy operations, the student paste this content in a image
editor and save the file as a picture format (jpg). So the
images are uploaded to the platform as attached files and
referenced by the .html file as image to be viewed by the
readers. This activity was considered too hard to do and
abandoned lately.

The Tablet PC pen interaction differs from the
interaction styles that laptops have (keyboard, track pad) and
shows a great potential to facilitate the activity of do
annotations in Theory of Computing classes, because in this
discipline is necessary adopt symbols that not are in the
QWERTY keyboards.

In Theory of Computing classes, exercises lists was
shared with students using the .pdf format. As the exercises
list is a sequence of problems enunciation without space
among them, this become impossible to resolve the exercises
using the document as background. So the student resolve
cut the enunciation exercise and past in a Windows Journal
archive (Fig. 6). The student needed to adjust the pasted
object dimensions to become more readability in the zoom
used to resolve the exercise (page zoom). After did this
steps. the student resolve the exercises. The student justify
this work answering her wants to have a map between
exercise and resolution for future study., for example, for an
exam.

Using the problem enunciation with the resolution can
facilitate the resolution, because it is possible highlight parts
of the text that are important to the solution or use pictures
available in the enunciation (Fig. 6). The digital content
allows duplicate items that need to be more than one time in
the resolution, the case of the graph draw in the Fig. 7,
when the enunciation ask to the students verify how many
short-ways the graph has. The student duplicated the graph
picture instead of draw it.

In problem resolutions, more than the answer, is
important to have the record of each step until get the answer
[1]. In some resolutions, some parts needs to be duplicate to
show the rationale, as the case of the Fig. 8. The exercise
asks a spanning tree for the given graph. The use of the
Tablet PC was specially important to use copy and paste
functions, turning the answering this exercise more fast
because many parts did not need to be rewritten.

A common practice among students is share classes
annotations and resolutions from exercises. This practice
occurs in Theory of Computing course among the student
that used the Tablet PC and the others one. So her sent this
annotations by e-mail in the jnt format. But the other
students needed to install the Windows Journal Viewer
application to view the file content, and asked to shared the
annotation in a more popular format that not require a
software installation, like .pdf format. The students adopted
this format for all annotations sharing.
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To explain diffcrent resolutions. doubt points or indicate
errors in the shared resolution, the students that did not have
a Tablet PC used to typewrite text artifices when use e-mail
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resolving Theory of Computing exercises.
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or to print the documents for do annotations with pen in
meeting.

In the next course, Informatics Applied in Education
(cursed in the first semester of 2008), the student used the
Windows Journal (Fig. 9) to taking classes annotations,
using the theme classes in the file name when save. The use
of Windows Journal is justified by the better performance in
receive the data input and convert into ¢lectronic ink, so the
result letter is more closer than the other applications.

The Jarnal was used in the Informatics Applied in
Education course to support the peer review activity. The
peer review activity consist into read a text written by
another student and points out how to improve the text. The
available text was used as a background document, where
the student did the annotations (Fig. 10).

VI.  USABILITY PROBLEMS OF THE ADOPTED
APPLICATIONS

Analyzing the user interaction, it is possible identify
some usability problems in the used applications. The first
one described by the student is related with use the same tool
to do manuscript text and select electronic ink. Considering
manuscript letters, allowing sclect inks with the tool used to
write it turns hard write letters composed by more than one
trace, or have points or accentuation. So, one design issue
for Tablet PC is avoid unify functions for write and for
select in one tool.

To compose the traces of electronic ink. the application
needs treat all input data emitted by the pen, composed by
pen position on the screen and the pressure. For the letter do
no be shaped and the manuscript in Tablet PC be more
similar to the manuscript in paper with a pen, the application
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needs treat all the events generated by the pen. Techniques
for pour rendering of the electronic ink while writing and a
high fidelity rendering after the the writing can be used to
not loose data.

One of the differences between Windows Journal and the
other applications (Jarnal and Adobe Acrobat Professional)
is the buttons inside the Windows Journal tool bars are softly
bigger than the buttons of the other applications (Fig. 11),
this make more easy to select a tool with the pen.
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Figure 9. Example of use Windows Journal into Informatics
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Figure 11. Dimensions between buttons into Windows Journal (a)
and Jarnal (b) Tool bar.

Analyze the options to erase eclectronic ink into the
Windows Journal and Jarnal applications, we perceive that
the Windows Journal offers two kind of erase forms, while
the Jamal offers only one. The form offer by both
applications is erase all the traces that the erase tool have
contact. The Windows Journal offers too another way of
erase electronic ink that erase only parts of the trace.
allowing a better fine adjust of the writing.

Activities that needs collaborations among students are
commons in educational context. So, the applications needs
make easy the communication of many devices, by file
transfer or by Internet. It is important do not restrict the
communication only between Tablet PCs, but consider the
possibility of many devices used like desktops, laptops and
smart phones.

And for motivate the use of an application, the
application neceds have functions that explore the potential of
digital artifacts. In this case, functions to copy. cut. paste and
move the electronic ink. These functions turn motivational
factors to adopt these applications.

We believe that these described issues must be
considered in the design of Tablet PC applications, with the
goal to explore the pen interaction and minimize usability
problems.

VII. CoONCLUSIONS AND FUTURE WORKS

The Tablet PC is a computing device designed to be
similar to a notebook, and the main hardware to be used in
the interaction is a pen.

For five years. we did an exploratory study where two
models of Tablet PCs are used to support a graduate student
activities. The main use was do classes annotations in
classroom, highlight part of texts and doing exercises.

The Adobe Reader Professional, Windows Journal and
Jarnal applications were used in many periods as annotations
editors. Many available functions was used like color,
annotation sclection, copy, paste, cut of annotations and
pictures.

When the pen moves over the screen, it generates input
data for the applications that need (o be used to generate the
electronic ink. Desktop applications does not manipulate the
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electronic ink, resulting in loose of the Tablet PC potential
because the pen is used only as a pointer device. In this case,
the usc of pen as a pointer device in desktop applications,
there are usability problems.

We present and discuss some of them. like the
dimensions of user interface components, the use of one tool
to writing and selecting electronic ink and the difficult to see
the content when user needs to cross the screen with her
hand. The discussed issues plus the needs to explore the
interaction style used by the users turns hard the design
applications for multidevices. mainly when we need to
consider many interaction stvles.
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Capitulo 5

Problemas de Interacdao Relacionados a
Mudanga de Platatorma ou de Modalidade

Este Capitulo é composto por dois artigos que tratam da identificagdo de problemas
ocasionados pela mudanga de plataforma ou mudanca de modalidade. A motivacdo da realizacao
dos trabalhos que geraram os artigos é que os ambientes de EaD foram projetados e avaliados
considerando que os usudrios irdo interagir por meio de um computador convencional, equipado
com teclado, mouse e monitor de tamanho médio com alta resolucdo. Como os dispositivos
moveis possuem outras modalidades de interacdo, questionou-se quais sdo as barreiras ou
problemas encontrados pelos usudrios de dispositivos mdveis ao acessar os ambientes de EaD. O
objeto de estudo € o ambiente TelEduc acessado por celulares inteligentes (smartphones) e Tablet
PCs, sendo que o primeiro artigo apresenta alguns problemas identificados por um especialista
em interacdo, enquanto que no segundo foi utilizado o método de testes de usudrio para
identificar problemas de interacao.

No primeiro artigo, publicado na sexta edi¢do da International Conference on
Advances in Computer-Human Interactions, os problemas encontrados sdo categorizados em: (i)
problemas de interacao sem relacdo com a mudancga de modalidade ou plataforma; (i1) problemas
de interacdo relacionados com a mudangca de plataforma; (iii) problemas de interacdo
relacionados com a mudanga de modalidade.

No segundo artigo, publicado na IADIS International Conference on e-Learning,
evento que compde a Multiconference on Computer Science and Information Systems, 0S
problemas identificados por meio de testes de usudrios sdo encaixados nas categorias, reforcando
as categorizacdo criada. Os problemas coletados nos testes de usudrios e apresentados no artigo
sao oriundos do projeto de iniciagdo cientifica do bolsista Alan Victor Pereira de Arruda, coautor
do artigo, o qual co-orientei.

Pode-se concluir pela leitura dos dois artigos que, quando o usudrio interage com a
aplicacdo usando uma modalidade ndo considerada em seu design, problemas de interagdo podem
ocorrer. A identificacdo dos problemas e a sua corre¢do ainda ndo garantem que os beneficios da
modalidade sejam aproveitados, mas oferecem indicios para novas funcionalidades. As solugdes
propostas também devem considerar as limitagdes dos periféricos de interacdo, do sistema
operacional e dos navegadores disponiveis no dispositivo pois, como descrito nos artigos,
restringem a implementacao de solugdes.
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Identifying Cross-Platform and Cross-Modality Interaction Problems
in e-Learning Environments
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Campinas,Brazil, Hortolandia,Brazil
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Abstract—Web applications and sites are designed to use
keyboard and mouse as input devices and a medium resolution
screen as output device. Mobile devices, such as smartphones
and tablets, have enough computation power to render Web
pages, allowing browsing the Internet. But, their main
interaction style is touching style that was not usuoally
considered in the Web applications design. Changing the
platform or interaction style can lead to interaction problems.
To study these problems, we investigated the use of TelEduc,
an e-Learning environment designed to Internet and to be used
with keyboard and mouse, in two touchscreen devices, a
smartphone and a tablet. Some problems are usability
problems and do not have relation with the platform or
modality, but other problems are related to the platform or
modality changing.

Keywords-Mobile  devices and  services;  Interfaces,
interactions and systems for distance education; Interface
evaluation; Usability testing and evaluation;

I: INTRODUCTION

Devices, such as smartphones and tablets, are becoming
increasingly popular; most of them have touch screen
displays, access to the Internet and enough computing power
to process Web pages. So, Web sites and Web applications,
initially developed to be used with keyboard, mouse and a
medium size display, are been accessed by small touch
screen devices.

One kind of Web applications is e-Learning
environments, as Moodle [1], SAKAI [2] and TelEduc [3],
which are applications with tools to support teaching and
learning activities though the Web. These tools allow users
to create content, communicate with other users and manage
the virtual space.

These environments take advantages of the Web to offer
content with text, images, audios and videos in a hypertext
document. Tools like chat, forums, portfolios, repositories
are widely used, and tools that explore the audio and video
resource to user communication, such as instant messenger
and video-conferences, are becoming common among the
environments.

Since smartphones and tablets are easy to carry, have
autonomy for hours and Internet access, the e-Learning
environments” development teams are building solutions to
provide access on mobile devices. Three kind of solution are
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emerging: specific device application, Web site specific for
mobile devices, and improve the Web site for mobile and
desktop access.

Browsing Web site using another device (last two
solutions), the user can deal with some problems related with
the platform changing (e.g., from desktop’s browser to
smartphone’s browser), but some problems happen due the
interaction style changing (e.g.. keyboard, mouse and
medium screen to a small touchscreen). We call these
problems as cross-platform interaction problem and cross-
modality interaction problems, respectively.

So, which cross-platform and cross-modal interaction
problems users deal? How to categorize a problem?
Thinking about this question in the e-Learning context, we
developed this work. Though a user interface analyze by a
specialist using a smartphone, a tablet and a desktop, we
found some problems to browsing TelEduc using two
touchscreen devices: a smartphone and a tablet. These
problems were classified into categories: cross-platform
problem, cross-modality problem, and platform and
modality- independent problem.

The next Section describes related works. Section III
presents the TelEduc Project with a brief historical view, the
tools and features of TelEduc e-Learning environment.
Section 1V shows the material and method adopted. Section
V describes some identified interaction problems, and, in the
Section VI, these problems are classified into the three
described categories. Section VII presents conclusion and
future works.

II. RELATED WORK

The e-Learning environments” development teams are
building solutions to provide access on mobile devices.
Three kind of solution are emerging: specific device
application; Web site specific for mobile devices; and
improve the Web site for mobile and desktop access.

Building specific device application allows designing a
suitable user interface for the device and taking advantages
of smartphone’s features, such as touchscreen and camera,
but needs develop an application for each mobile platform,
so to be developed needs specific knowledge programming
team and increases the code lines number to maintain.
Moodle community offers the Moodle App [4] and Moodbile
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[5], two native mobile applications with versions for the
most popular smartphone s platforms.

Moodle, since version 2.1, offers a Web site specific to
mobile devices, an example for the second type of solutions
for access e-Learning environments in mobile devices.
Building a specific Web site to mobile device allows
designing a suitable user interface for mobile devices taking
account some common characteristics, such small
touchscreen, but depends of the browser to access some
platform features, such GPS, and increases the code lines
number to maintain too.

The latter solution considers that smartphones and tablets
have enough computational power to render Web pages and
to do some adaptation if it is necessary, and offer the same
user interface for any device. To design this kind of user
interface it is necessary to do some usability studies to found
barriers or user interaction problems. Disadvantages of this
solution are to depend of browsers to use the mobile features
and the difficult of consider many interaction styles in the
same user interface.

This solution can start from a user interface design model
for desktop and be improved to consider mobile devices. So
in the initial design was designed thinking the user will
interact by keyboard, mouse and medium size display and,
allowing users accessed these applications on mobile
devices, there is an increasing of interaction styles number,
such touchscreen. With the interaction hardware changing
the user deals with new interaction problems. Shrestha [6]
points out some problems when the users try to use mobile
devices to do specific tasks into Web sites designed to
desktop, so the mobile Web browsing experience needs to be
improved to a more mobile friendly Web site and some
mobile browser improvement (here we consider browser as
one platform characteristic).

Shrestha [6] considered mobile devices equipped with
joystick and a small screen. Maurer et al. [7] did some
usability studies using touchscreen mobile devices and
desktop for browsing in Web sites, shows that “more and
more people prefer using original content instead of the
mobile version, especially for users of new generation
mobile devices like iPhone and Android phones”. Another
result of this work was the users prefer to use the standard
Web site instead of tailored mobile versions of Web site. But
Schmiedl, Seidl and Temper [8] have a different opinion; in
their research they conclude most of the users still prefer
tailored versions. Kaikkonen [9] shows that the standard and
the tailored Web sites are both used but for slightly reasons.

Considering only the e-Learning environment context,
we agree to Maurer ef al. [7] when they argue the user prefer
to use the standard version instead of mobile version of Web
site, and this is one of the motivations of our work to study
the third kind of solution to access e-Learning environment
using mobile devices.

Here, we studied the use of touchscreen devices into e-
Learning environments and distinguish the problems into
categories. Shrestha [6] studied the use of joystick and a
small screen to browsing into some Web sites, while Maurer
et al. [7] considers touchscreen devices. All these researches
point out some interaction problems, but do not classify them
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if they happen due the platform changing or due the
interaction changing.

III.  TELEDUC E-LEARNING ENVIRONMENT

The TelEduc is a teaching and learning environment
developed by the Nucleus of Applied Informatics in
Education (NIED) and the Institute of Computing (IC), State
University of Campinas (UNICAMP), and adopted in several
public and private institutions, like UNICAMP through
Ensino Aberto project [10].

The TelEduc environment was conceited in the end of
90, born with the Cerceau’s Master dissertation (1998), with
professor Helofsa Vieira da Rocha as advisor, applying
constructivism theory [10][12] in situated learning [13] or in
contextualized learning [14] for teacher’s continuance
formation. In 2001 February, the first free version was
released over GNU General Public License (GPL), an
unprecedented fact in the Brazilian Educational Software
scenario. Many public and private institutions adopted the
TelEduc as platform, increasing the TelEduc user’s
community, and consequently, the development demand.
This fact culminated in the release of TelEduc version 3.0 in
March 2002. The version 3.0 was completely redesigned and
optimized, reason for TelEduc project was awarded by
ABED (Brazilian Association for Distance Education) in the
“Research and Development about Distance Learning”
category. In August 2011, TelEduc version 4.3 was released,
with its user interface redesigned to improve user tasks and
be more similar than popular Web sites.

TelEduc is a system that aggregate administration,
management and communication tools designed to support
teaching and learning activities. Some tools allow users to
create content, other ones allow synchronous or
asynchronous communication among users, and manage
participants and courses. The course page of TelEduc 4.3 is
structured in two parts: the left one (Fig. la) has a list of all
tools available and in the right one (Fig. 1b) the content of
the selected tool.

In the course showed at Fig. 1a, the teacher dispose the
Course Dynamic, Agenda, Readings, Support Material,
Activities, Chat, Mail, Discussion Forum, Frequently Asked
Questions, Portfolio, Groups and other tools available. Fig.
Ib shows the user interface to visualize a Support Material
item, where the teacher can change the title, content, attach
or remove files or links and see and write comments, and the
student can see the item, download the attached files and

Support Material
. ©0 Root

Environment Structure

Course Dynamic

Aganda N 1o Support Material || import Support Materal [§ New Foider

Evaluations »
[ | support Material

* Activities >
®

* Support Material 1 | M siides da aula dia 01-08-2012

Readings » 2

i II B | B procedimento para Instalagio do JOK
Polis y
- | B " i
Bulletin Board » 1 | & procedimento para Instalagao do NetBeans
(a) (b)

Figure 1. Height difference between menu items (a) and Support Material
items (b).
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visit the posted links.

Agenda is the ongoing course home page and shows the
course’s program for a given period (daily, weekly, etc.).
Agenda is an important tool because organize the activities
that must be done in a specific period, similar teachers do in
the beginning of a presence class.

The Support Material is a tool that provides an area for
file storage and sharing among course participants, named
Support Material Area. To store an item in this area, the user
needs to be a coordinator or an instructor. When the user
stores an item in support material area, she can specify the
sharing type: i) not shared; ii) shared only with users who
have instructor role; or iii) shared with all participants. Users
with student role can access the stored items published with
all participant sharing type, read their content, visit their
links and download their attached files.

The Readings, Activities and Frequently Asked
Questions tools have similar features and user interface with
Support Material tool, but different purposes. Readings tool
is used to publish relevant documents, like books,
magazines, news and articles. The Activities tool is an area
to publish activities to the accomplished during the course,
like home work descriptions. The Frequently Asked
Questions tool contains a list of the most frequently
questions done by the participants during the course and their
respective answers,

Tools like Discussion Forums and Mail are used to
participant communication, supporting text message
exchange in asynchronous mode. To synchronous
communication, there is the Chat tool, its features is similar
to Web chat sites.

The Portfolio is a communication tool that aims to
promote the collaboration among participants through the
sharing of “items” (documents, presentations, programs,
links, ete.). So the Portfolio tool provides an area to item
storage and sharing for each participant (user or group of
users) within a course.

The Bulletin Board tool is a dedicated space where all the
participants can post information considered relevant to the
course content.

The Agenda, Activities, Support Material, Readings,
Bulletin Board, Discussion Forums, Mail and Portfolio allow
users to create text content using a text editor, the CKEditor
[15]. CKEditor is a third-party WYSIWYG text editor to be
used inside Web pages, bringing to the Web application
common editing features found on desktop editing text
applications, but CKEditor version 3.3 does not work on
mobile devices. In [16], we studied some problems in use of
third-party software on TelEduc to create and to visualize
documents, describing that mobile compatibility needs to be
considered to not prejudice mobile users.

The Agenda, Activities, Support Materials, Readings,
Mail and Portfolio tools allow attaching files into them items
in similar way: the user clicks in the “Attach File” button,
select the file to be attached using a dialog and, after the
click on the save button, the file is uploaded.

To provide content, TelEduc uses the Web infrastructure,
more specifically, hypertext with images, links, audios and
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videos. All these media can be published as content in tools
like Agenda, Support Material and Readings.

Since the e-Learning environments need to be easy to use
for users with different levels of Web experience, the
usability is an important nonfunctional requirement. TelEduc
was designed in an iterative design-evaluation process to
have good usability and the user interface does not impair
teaching and learning activities, so many usability
evaluations were done. The accessibility is another
nonfunctional requirement desired for TelEduc, to allow
impaired people to use the environment without meet
barriers or obstacles.

TelEduc was designed to use a mouse and keyboard as
input devices, and a medium screen size as output device.
TelEduc is better visualized into 1024x200 pixels screen
resolution. Visualize it into a lower screen resolution cause
some user interface problems like dispose interface
components in wrong position.

Since the e-Learning environments are available on the
Internet, this software can be accessed by smartphones and
tablets nowadays and the developers need to study how to
allow all features into these devices. Access the environment
in anywhere and anytime is one of the biggest attractions, but
research is necessary to have a user interfaces with high
usability and good user experience. To reach it, it is
necessary identify cross-modality problems when TelEduc is
used in touchscreen devices.

IV. MATERIALS AND METHOD

To investigate which problems happen when the users
use mobile devices to browsing a Web application, we
adopted the following method: a human-computer
interaction (IHC) specialist, using a touchscreen device,
accesses the Web application and collect interaction
problems. To each collected problem, the specialist checks
which ones from the three devices the problem happens and
so classified into the categories: platform and modality-
independent problem, cross-platform problem and cross-
modality problem.

We used a Motorola Milestone smartphone [17] and a
tablet PC [18]. The Motorola Milestone has a 3.7 inches
multitouch display with 133MB internal storage memory
expansive up to 32 GB with a memory card, 600 MHz
Cortex-A8 processor and 256 MB RAM, a SMP camera,
GPS and wireless connection by Wi-Fi 802.11 b/g and
bluetooth. Android 4.0.3 [19] was used as operation system
(OS). Motorola Milestone has a proximity sensor, an
ambient light sensor, a 3-axis accelerometer and a
geomagnetism sensor to provide orientation with respect to
Earth’s magnetic field. To browse in the Web application,
the specialist uses the Android stock Web browser. The
proximity sensor and the accelerometer can be used to
interact with applications, but the stock Web browser does
not use these features as an input device. Only the
touchscreen was used as input device.

The Tablet PC is a computing device designed to
“imitate” a notebook, allowing the user interact with a pen.
Resuming, the Tablet PC has the following hardware
characteristics: (i) Pen sensitive screen; (ii) Screen that
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allows different positions; (iii) Wireless network access by
WLAN and bluetooth technology; (iv) Microphones and
embedded loudspeakers; (v) Keyboard (some models the
keyboard are detachable); (vi) Batteries.

In this exploratory study, we used a HP TouchSmart
TX2-1040br, a 2.2 GHz dual-core processor computer with 3
GB RAM and a 127 touchscreen. The installed operation
system was Windows Vista with Portuguese manuscript
recognizer. This model has the design similar to HP laptops
but it is equipped with the described hardware for Tablet PC.
To the study case, the specialist only used touch in the
interaction; she did not use the Tablet PC’s keyboard or pen.
Chrome browser version 22.0.1229.94 m [20] was used to
navigate through Web application.

To classify the problem, the interactions in the three
devices were compared (Fig. 2). If the problem appears in all
devices, the probably of the problem be a platform and
modality- independent problem is high. If the problem only
happens in touchscreen devices, the probably of the problem
be a cross-modality problem is high. But if the problem only
happens in smartphone or only in tablet, maybe it is a cross-
platform problem. So, to distinguish cross-platform problem,
cross-modality problem and platform and modality-
independent problem we needed to use these three devices.
The Tablet PC and Desktop have the same platform
(Widows Vista and Chrome). Tablet PC and the smartphone
are both touchscreen devices and different platform
(smartphone uses Android).

V.  INTERACTION PROBLEMS

The specialist, using both touchscreen devices, found
some interaction problems. An overview of the main
problems is presented in this section.

A.  Problem I: Fat Finger Problem

At TelEduc, the tools available to be used in a course are
listed in a menu disposed in the left side, and each tool is an
option in this menu (Fig. 1a). TelEduc uses vertical lists not
only for the tools menu, it uses vertical list to shows items to
choose, e.g., in Support Material tool, each item is an option
in a vertical list (Fig. 1b). An option in items lists (36 px) is
higher than an option into tools menu list (23 px). This is a
small difference, but the specialist points out problem to
select a tool into the menu. Due to the small option menu
height the specialist had problem to select a tool, triggered

[ cross-modality problem
[ Cross-platform problem

Modality and platform
independent problem

Touchscreen
smartphone

Figure 2. Categories of identified interaction problems on used devices.
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the upper or down one, but this problem happen because the
touched area is bigger than the clicked area when the user
uses a mouse. This problem is called fat finger problem [21],
when a user tries to acquire a target, the center of the contact
area tends to be located a couple of millimeters off the target
location—typically “below” the target [22].

The observed fat finger problem happens in both
touchscreen devices, but more into smartphone probably due
to page adaptation to show all content in the screen. The
specialist observed the problem happens more into menu
selection, because the space among menu items are not
enough too large. The specialist observed the problem did
not happen when selecting an item in the Portfolio or
Support Material tool, probably because the distance among
the items.

B.  Problem 2: Mouseover functionality

TelEduc have My Course link to see the enrollment
courses the user are and go to the Courses page. In desktop,
the user can see the enrollment courses putting the mouse
pointer over My Courses option, localized in screen right-top
(Fig. 3a, the courses name is in Portuguese). If the user clicks
in My Course link, she goes to Courses page. Touch screen
devices does not show this menu since there is no mouseover
action (Fig. 3b, the Agenda content is in Portuguese), and
when the user try to see the enrollment courses, she triggers

andre.constantino@gmail.com | My Courses | Configure | Support | Administration

Interfaces Humano - CDH‘IEH[BUOI’

Explorando o TelEduc 4.2

Desenvolvimento de cursos on-line
utiizan

Explorando o TelEduc - UNICSUL 1

Explorando o TelEduc - UNICSUL 2

Logica - IFSP - 1 semestre 2012

FE4 - IFSP - 2 semestre 2012

MDP - noturno - IFSP - 2 semestre
oz

(a)

(b)
Figure 3. Position of the My Courses menu (a) on Desktop and
(b) on smartphone, the user cannot trigger the menu.
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the My Course link and goes to the Courses pages.

This problem happens due the JavaScript mouseover
function. It is common in Web applications the use of
JavaScript to improve their user interfaces. But. some
features of the JavaScript can cause interaction problems,
like the mouseover function. The Android stock Web
browser on smartphones makes a map between user’s action
to browsing event, but there is no valid mapping to activate
the mouseover function, since the used devices do not
identify finger proximity, so it is not possible to have a
feature similar to mouseover to do with the finger. The same
problem happened on tablet.

Some of features in Table I are triggered by gesture.
Using gesture into touchscreen devices the user can go
forward, backward, scroll up and scroll down the page.

C. Problem 3: Gestures

Motorola Milestone and HP Tablet PC allow user
interaction using gestures. To browse using these devices,
the user can use one or two fingers and make gestures.
Default gestures are to zooming; scroll up and scroll down a
page; forward and backward pages; and select, copy and
paste text. For novice users, it is not clear how to make the
gesture. This is a discoverability and visibility problem as
Nielsen and Norman related [23].

But, the user does not add specific gesture to use with a
Web application, and the Web application cannot add
specific gestures to user browser. This limitation does not
allow TelEduc have gestures to create a new portfolio item,
to select some Mail message or to delete a Support Material
item. Since gestures have the promise to brings a powerful
interaction [24], the Web application does not get all the
promised potentiality, and the users gesture are limited to
scroll up or scroll down a page; forward or backward pages;
zooming; and select, copy and paste text.

TABLE 1. MAPPING BETWEEN USER ACTIONS AND BROWSING EVENT IN
THE ANDROID STOCK WEB BROWSER

Browsing Events Using mouse Using finger

Link activation Left button click Touch with one finger

Right click button Touch with one finger

and hold

Menu drop down

Touch with one finger
and drag

Mouse click over scroll
component interface

Scrolling text

Zooming Not possible (needs [ Touch with two fingers
change browser and spread/pinch
configuration) or double tap
Select text Left mouse click over | Touch with one finger
the text beginning and | over the text and hold,
drag until the textend | release and drag the
selection text
component
Copy text Select the text, click on | Select the text, click
right mouse button and | the option button and
choose copy choose copy
Paste text Right mouse button Touch with one finger

and hold, choose paste
option

and choose paste
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D. Problem 4: Device features

Android platform specification defines four physical
buttons: Back, Menu, Home and Search. Android platform
allows developers customize the reaction of these standard
buttons, like use search to find in application data or show
the application menu instead of the default menu. This is one
of the differences between Web applications and Android
applications. Web applications do not have this possibility,
and the action buttons are defined by the Web browser. So
the search button, instead of searching into Web application
data, opens the URL field (search a page).

Smartphones have a lot of features and the Web
application cannot use. The specialist tried to post a photo
and a video in her Portfolio, but the browser does not upload
them and does not show a message error.

E.  Problem 5: Third-party text editor

TelEduc uses CKEditor to allow users write rich text
instead of simple plain text (Fig. 4a). But CKEditor does not
work in Android devices (Fig. 4b), but works in the tablet.

F.  Problem 6: menu activation

TelEduc menu item is only activated when the user click
in the menu item text, a little different from the computers
menu interaction. This difference is easy to understand when
browsing in the menu, since the mouse pointer does not
change when the pointer is over the menu item. In the case of
smartphone and tablet, the user can try many times touching
the space in front of the text to understand there she must tap
the text.

Table Il summarizes the identified problems and the
platform where they happen. The next section discusses and
classifies these problems.

VI. CROSS-PLATFORM AND CROSS-MODALITY PROBLEMS

The fat finger problem (Problem 1), mouseover
functionality (Problem 2), gesture integration (Problem 3)
and menu activation (Problem 6) happened in both
smartphone and tablet. Gesture integration can be classified

TABLE II. IDENTIFIED PROBLEMS AND THEIR CLASSIFICATION

Problem | Touchscreen | Tablet | Desktop | Classification
smartphone PC
1 Fat finger yes yes no cross-modality
problem
2 | Mouseover yes yes no cross-modality
functionality
3 Gesture yes yes no cross-platform
integration
4 Device yes no no cross-platform
features gap
5 | Third-party yes no no cross-platform
text editor
6 Menu yes yes yes platform and
activation modality-
independent
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Figure 4. Position of the rich text editor in TelEduc a) the editor is displayed on Desktop and tablet PC and b) it is not displayed on Android-based devices.

as platform problem, though it happens on both devices, this
problem is not directly related with touch; this is a lack of
functionality. Fat finger problem and the use of mouseover
functionality were considered as cross-modality problems.
They happened when the user interface, designed to be used
with an interaction style, is accessed by different interaction
styles. If the application was designed to be used with
touchscreens, the designer would choose the suitable
interface components size and the spacing among them,
decreasing the occurrence of the fat finger problem. In the
case of mouseover functionality, the designer would choose a
better way to show the menu, e.g., when the My Course link
is activated, the menu is showed instead of go to Courses
page.

Menu activation (Problem 6) was considered as platform
and modality-independent problem, since the problem
happened in desktop computers too, but when the user is
using a smartphone the problem turns more severe and be
easier to find.

Device features gap (Problem 4) only happens in
smartphone due the difference between the Android platform
and Desktop Operating Systems. This problem was classified
as cross-platform problem.

The problem with no display the CKEditor (Problem 5)
was classified as cross-platform problem. CKEditor works

Copyright (c) IARIA, 2013. ISBN: 978-1-61208-250-9

fine in the tablet, though the specialist has difficulty using a
text editor.

VIL

Almost Web sites and applications are developed
thinking to be used with mouse and keyboard as input
device, and medium size screen as output devices. But smart
phones with touchscreen have enough computational power
to access Internet, so these devices allow users browse into
Web applications by touching. When a smartphone is used to
access Web applications we can have modality and/or
platform changing.

Changing the interaction style or platform brings
interaction problems, impacting on usability. Which
problems, if we consider the software have good usability in
desktop computers, appears when we used a non-specified
interaction style to browse a Web application? And which
problems are not related with the platform changing, just
only with the modality changing? We call cross-modality
interaction problems. We developed this work trying to
identify cross-platform and cross-modality interaction
problems using TelEduc, an e-Learning environment
developed to be used with mouse and keyboard as input
devices, in touchscreen devices.

CONCLUSION AND FUTURE WORK
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To identity problems, a HCI specialist analyzed the
interaction and observed problems, classified them into
platform and modality-independent problems, cross-platform
problems and cross-modality problems. Through this work
we prove software designed to be used with some interaction
styles may have problems to be used with other interaction
style. In this paper, we presented 6 problems to distinguish
cross-platform and cross-modality problems, and show
interaction problems that are more severe when the
interaction style is changed.

It is important highlight we used devices with limitation,
e.g., the algorithm who decides which user interface
component the user touched. The algorithm accuracy may
prejudice the interaction problem identification. Disregarding
these limitations, it is clear the need to a better integration
between platform and Web applications to increase the user
experience, gestures need be more explored when user
browsing.

Another important result is the perception of the
changing interaction styles allows highlight existing usability
problems.

As future works, we planned to study solution for these
problems, the relationship between the problem and the code
and study cross-modality problems for other input devices,
like pen.
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ABSTRACT

e-Learning environments offer content. such text, audio, video. animations, using the Web infrastructure and they are
designed to users interacting with keyboard. mouse and a medium-sized screen. Mobile devices. such as smartphones and
tablets. have enough computation power to render Web pages. allowing browsing the Intemet and access e-Learning
environments. But, their main interaction style is touching, bringing some problems, cosmetics or severe ones. To
identify these problems and correct them to allow mobile users access the TelEduc, an e-Leaming environment, we
planned a user test case with four volunteers using smartphones for access il. The collected data was analyzed and some
problems were identified. giving some insights about the problems and barriers multi-touch mobile users dealt and can be
easily corrected to give them a better interaction experience. To have an e-Learning environment with good usability in
mobile devices is a first step to have a virtual learning environment for sharing data between desktop and mobile devices
and understand the behavior of mobile users in this context.

KEYWORDS

Mobile devices and services: Interfaces. interactions and systems for distance education: Interface evaluation: Usability
testing and evaluation.

1. INTRODUCTION

e-Learning environments, as Moodle (2013), SAKAI (2013) and TelEduc (2013), are Web applications with
tools to support teaching and learning activities though the Web, taking advantages of the Web structure to
offer content with text, images, audios and videos in a hypertext document. The environment s tools allow
users to create content, communicate with other users and manage the virtual space. so tools like chat.
forums, portfolios, repositories are widely used. and tools that explore the audio and video resource to
communication, such as instant messenger and video-conferences. are becoming common among the
environments.

Mobile devices, such as smartphones and tablets, are becoming increasingly popular; most of them have
touch screen displays, are easy to carry, have autonomy for hours, Internet access and enough computing
power to process Web pages. So. Web sites and Web applications, initially developed to be used with
keyboard. mouse and a medium-sized display, arc been accessed by small touch screen devices. The
e-learning environments fit in this context. Three kind of solution to allow mobile users access e-Learning
environment are emerging: specific device application, Web site specific for mobile devices, and
improvement of the environment for mobile and desktop access. Each solution had vantages and
disadvantages. But. in the case of virtual teaching and learning environments, we need ask: is it fundamental
have a specific environment for only mobile users? Since Web technology has a power to integrate different
technologies. we believe in a virtual teaching and learning environment that allow any device accesses.
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Maurer et al. (2007) did some usability studies using touchscreen mobile devices and desktop for
browsing in Web sites. shows that “more and more people prefer using original content instead of the mobile
version, especially for users of new generation mobile devices like iPhone and Android phones”. Another
result of this work was the users prefer to use the standard Web site instead of tailored mobile versions of
Web site. But Schmiedl ef al. (2009) have a different opinion: in their research they conclude most of the
users still prefer tailored versions. Kaikkonen (2008) shows that the standard and the tailored Web sites are
both used but for slightly reasons.

Since there is not a clearly opinion in the researches about the users preference in using tailored mobile
version or the standard interface. it is important to find and destroy barriers that mobile users meet when uses
standard Web interface. In e-Learning context., which are the barriers or the problems the user dealt? To
identify them in TelEduc environment we did user tests. Through this work we identified important design
issues to allow mobile users access e-Learning environments and Web applications. Section 2 presents
related work, Section 3 presents the TelEduc environment. The materials and method are described in
Section 4. The identified problems are presented in Section 5. and Section 6 discusses some solutions.
Section 7 presents the conclusion and future work.

2. RELATED WORK

The e-Learning environments’ development teams are building solutions to provide access on mobile
devices. Three kind of solution are emerging: specific device application; Web site specific for mobile
devices: and improve the Web site for mobile and desktop access.

Building specific device application allows designing a suitable user interface for the device and taking
advantages of smartphone’s features. such as touchscreen and camera. but needs develop an application for
each mobile platform. so to be developed needs specific knowledge programming team and increases the
code lines number to maintain. Moodle community offers the Moodle App (2013) and Moodbile (2012). two
native mobile applications with versions for the most popular smartphone s platforms.

Moodle, since version 2.1, offers a Web site specific to mobile devices, an example for the second type of
solutions for access e-Learning environments in mobile devices. Building a specific Web site to mobile
device allows designing a suitable user interface for mobile devices taking account some common
characteristics, such small touchscreen, but depends of the browser to access some platform features, such
GPS, and increases the code lines number to maintain too.

The latter solution considers that smartphones and tablets have enough computational power to render
Web pages and to do some adaptation if it is necessary. and offer the same user interface for any device. To
design this kind of user interface it is necessary to do some usability studies to found barriers or user
interaction problems. Disadvantages of this solution are to depend of browsers to use the mobile features and
the difficult of consider many interaction styles in the same user interface.

This solution can start from a user interface design model for desktop and be improved to consider mobile
devices. So in the initial design was designed thinking the user will interact by keyboard. mouse and medium
size display and. allowing users accessed these applications on mobile devices. there is an increasing of
interaction styles number, such touchscreen. With the interaction hardware changing the user deals with new
interaction problems. Shrestha (2012) did user tests with volunteers using mobile devices equipped with
joystick and a small screen and points out some problems when the users try to use mobile devices to do
specific tasks into Web sites designed to desktop. so the mobile Web browsing experience needs to be
improved to a more mobile friendly Web site and some mobile browser improvement (here we consider
browser as one platform characteristic).

Considering only the e-Learning environment context, we agree to Maurer ef a/. (2010) when they argue
the user prefer to use the standard version instead of mobile version of Web site, and this is one of the
motivations of our work to study the third kind of solution: to access e-Learning environment using mobile
devices. Shrestha (2012) studied the use of joystick and a small screen to browsing into some Web sites.
while Maurer et al. (2010) considers touchscreen devices. All these researches point out some interaction
problems. but the context was not e-Learning environments. In this work, we identified, through users test,
problems when users use touchscreen mobile devices to access the TelEduc e-Learning environment.
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3. THE TELEDUC E-LEARNING ENVIRONMENT

The TelEduc is a teaching and learning environment developed by the Nucleus of Applied Informatics in
Education (NIED) and the Institute of Computing (IC), State University of Campinas (UNICAMP), and
adopted in several public and private institutions. like UNICAMP through Ensino Aberto project (Franco ef
al., 2003).

The TelEduc environment was conceited in the end of 90, born with the Cerceau’s Master dissertation
(1998). with professor Heloisa Vieira da Rocha as advisor, applying constructivism theory (Papert.
1986)(Valente, 1993) in situated learning (Lave and Wenger, 1991) or in contextualized learning (Valente,
1999) for teacher’s continuance formation. In 2001 February, the first free version was released over GNU
General Public License (GPL). an unprecedented fact in the Brazilian Educational Software scenario. Many
public and private institutions adopted the TelEduc as platform, increasing the TelEduc user’s community.
and consequently, the development demand. This fact culminated in the release of TelEduc version 3.0 in
March 2002. The version 3.0 was completely redesigned and optimized. reason for TelEduc project was
awarded by ABED (Brazilian Association for Distance Education) in the “Research and Development about
Distance Learning™ category. In August 2011. TelEduc version 4.3 was released. with its user interface
redesigned to improve user tasks and be more similar than popular Web sites.

TelEduc is a system that aggregate administration, management and communication tools designed to
support teaching and learning activities. Some tools allow users to create content, other ones allow
synchronous or asynchronous communication among users, and manage participants and courses. The course
page of TelEduc 4.3 is structured in two parts: the left one (Fig. 1a) has a list of all tools available and in the
right one (Fig. 1b) the content of the selected tool.

In the course showed at Fig. 1a. a print screen of the course made for our user tests (the content is in
Portuguese). the teacher dispose the Course Dynamic. Agenda. Activities, Support Material. Readings,
Frequently Asked Questions. Polls, Required Stop. Bulletin Board, Discussion Forums, Chat. Mail, Profile.
Portfolio. Access. Intermap and Search tools. Agenda is the ongoing course home page and shows the
course’s program for a given period (daily. weekly, etc.). Agenda is an important tool because organize the
activities that must be done in a specific period. similar teachers do in the beginning of a presence class. Fig.
1b shows the Agenda tool visualized by a student. where the student can read the agenda content and access
the previous agendas.
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Figure 1. A desktop print screen of TelEduc course page (a) tool menu and (b) tool content.
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The Readings, Activities, Frequently Asked Questions and Support Material tools have similar features
and user interface, but different purposes. Readings tool is used to publish relevant documents, like books,
magazines. news and articles. The Activities tool is an area to publish activities to the accomplished during
the course, like home work descriptions. The Frequently Asked Questions tool contains a list of the most
frequently questions done by the participants during the course and their respective answers. Support
Material offers a virtual space for teachers publish useful information about the course and the proposed
activities.

Tools like Discussion Forums and Mail are used to participant communication, supporting text message
exchange in asynchronous mode. To synchronous communication, there is the Chat tool, its features is
similar to Web chat sites.

The Portfolio is a communication tool that aims to promote the collaboration among participants through
the sharing of “items™ (documents, presentations, programs, links, etc.). So the Portfolio tool provides an area
to item storage and sharing for each participant (user or group of users) within a course. The Bulletin Board
tool is a dedicated space where all the participants can post information considered relevant to the course
content.

To provide content, TelEduc uses the Web infrastructure, more specifically. hypertext with images, links,
audios and videos. All these media can be published as content in tools like Agenda, Support Material and
Readings. To create text content, the user interacts with a rich text editor, the CKEditor (2013), CKEditor is a
third-party WYSIWYG text editor to be used inside Web pages, bringing to the Web application common
editing features found on desktop editing text applications, but CKEditor version 3.3 does not work on
mobile devices. In previous work (Da Silva. & da Rocha, 2012). we studied some problems in use of third-
party software on TelEduc to create and to visualize documents, describing that mobile compatibility needs
to be considered to not prejudice mobile users.

The Agenda, Activities, Support Materials, Readings. Mail and Portfolio tools allow attaching files into
them items in similar way: the user clicks in the “Attach File™ button, select the file to be attached using a
dialog and, after the click on the save button, the file is uploaded.

Since the e-Learning environments need to be easy to use for users with different levels of Web
experience, the usability is an important nonfunctional requirement. TelEduc was designed in an iterative
design-evaluation process to have good usability and the user interface does not impair teaching and learning
actlivities. so many usability evaluations were done. The accessibility is another nonfunctional requirement
desired for TelEduc. to allow impaired people to use the environment without meet barriers or obsiacles.

TelEduc was designed to use a mouse and keyboard as input devices. and a medium screen size as output
device. TelEduc is better visualized into 1024x200 pixels screen resolution. Visualize it into a lower screen
resolution cause some user interface problems like dispose interface components in wrong position. Beside
the problems happen due the resolution changing. which problems and barriers the mobile users met when
interact with TelEduc? To answer this question, we developed a user test case described in the next section.

4. MATERIALS AND METHOD

To identify interaction problems when an e-Learning environment is accessed by a mobile device we planned
a study case composes with four users tests. The main activities to do the study case were: (i) tools to be
investigated and tasks definition: (ii) hardware to be used: (iii) questionnaires planning: (iv) preparation of
the course.

The following sub-sections explain briefly each activity. We started choosing the tools to be evaluated
and defined the tasks for user test sessions using the smartphones available, an Android-based and an iPhone.

Based on our experience in using e-Learning environments, we chose the tools: Agenda, Activities,
Readings, Polls, Mail and Portfolio. For each tool was defined one task, considering the most important
feature of the tool. All tools were used considering the student’s view. The defined tasks were: 1. Login in
TelEduc: 2. Read the Agenda: 3. Read the Reading and do it; 4. Read the Activity; 5. Post her activity in her
portfolio; 6. Answer a poll; 7. Send e-mail to the teacher: 8. Logout of TelEduc.

To do the task 5, the volunteers need to search into the Web for an article. The purposeful activity is to
allow us identify interaction problems when the users need to navigate in two web pages. visualizing one
page and going to another. In the tasks planning we found some interaction problems that impair the user to
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conclude the tasks, so we shaped the defined activities such a way the user does not meet the identified
problems with the goal (o find new interaction problems. The problems identified on task planning are
discussed in Section 5.1.

We used a Motorola Milestone smartphone (Motorola Mobility, 2013) and an Apple iPhone 3GS (Apple.
2013). The Motorola Milestone has a 3.7 inches multi-touch display with 133MB internal storage memory
expansive up to 32 GB with a memory card, 600 MHz Cortex-A8 processor and 256 MB RAM, a SMP
camera, GPS and wireless connection by Wi-Fi 802.11 b/g and bluetooth. Android 4.0.3 (Google, 2013) was
used as operation system (OS). Motorola Milestone has a proximity sensor, an ambient light sensor. a 3 -axis
accelerometer and a geomagnetism sensor to provide orientation with respect to Earth’s magnetic field. To
browse in the Web application, the volunteers use the Android stock Web browser.

The Apple iPhone 3GS (Apple, 2013a) has a 3.5 inches multi-touch display with 32 Gb internal storage
memory, 600 MHz Cortex-A8 processor and 256 MB eRAM, a 3MP camera, GPS and wireless connection
by Wi-Fi 802.11 b/g and bluetooth. The installed operation system is iOS version 5 (Apple. 2013b). iPhone
has too a proximity sensor. an ambient light sensor, a 3-axis accelerometer and a geomagnetism sensor. To
browse in the Web application. the volunteers use the Safari browser. In both devices. the proximity sensor
and the accelerometer can be used to interact with applications, but the browsers do not use these features as
input. Only the touchscreen was used as input device.

To collect information about the volunteers and them opinion we elaborated two questionnaires. The first
one was to collect data about user age. genre, internet usage and mobile skills. The second one was to get
personal satisfaction in do the tasks. Due we did an experiment involving people. we prepared a consent form
to be signed by the volunteers informing her about the study purposes. the anonymity of the volunteer. and
allowing recording the interaction to further analysis.

After the task planning, we prepared a course in the TelEduc installed in our server with the agenda
content, the activity description, an article published on Readings tool, and the poll to be answered. This
preparation is to simulate a course in the environment with chained activities. Since the user tests laboratory
and the server share the same local network, we did not worry about Internet lacks or fail.

We invited four undergraduate students to participate. one man and three women, whom filled the profile
questionnaire before the participation. All volunteers have 20 years old. three of them have smartphone and is
mobile users for more than six month, the last one does not have a smartphone and her consider not be a
mobile user.

5. DATA ANALYSIS

In this section we discuss about the found problems when mobile users access the TelEduc Environment. We
found one problem during the tasks definition, and discuss it here since impose a barrier and do not allow
mobile users conclude their goal. Analyzing the user tests data. we found 5 relevant problems for mobile
users and other usability problems that is device independently. We focused here in the mobile problems and
in the end of the section we present solutions.

5.1 Problem found in the Task Planning

TelEduc uses CKEditor to allow users write rich text instead of simple plain text, but CKEditor does not
work in iPhone and in Android-based devices, bringing a barrier to user write rich text. For example. it is not
possible put content in a Portfolio item because the content field does not appear (Problem I). Looking in the
environment for others barriers caused by CKEditor, we found that it is possible to write message in Mail
tool and post Bulletin Board posts. but the content field appears to write simple text since CKEditor is not
displayed. In the other environment tools the barrier was found.

Focused on discovery new interaction problems we planned the tasks such a way the users do not match
this problem. The next sub-section presents the problems discovery through the user tests.
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5.2 Problems found in the User Tests

The first identified problem in user tests (Problem 2) is related with the web site does not follow the
smartphone interface standard. The first time the user 2 tried to go to another tool, she touched in the space
between the wanted menu item the symbol > (Fig. 2a shows the point tapped by the user in the interface).
since no action was triggered. she tried a lot of times again in the same place. Asked about the unexpected
system response. the user touched in the tool label and the system shows the tool content. Maybe the user
thought the TelEduc interface follows the smartphones standard, which is possible to trigger an action
touching in the space nearby the menu item label (Fig. 2b). In desktops it is softened due to change the mouse
cursor from an arrow to a pointing hand. giving a visual clue that it does not have in touchscreen mobile.

Course Dynamic ' About >
) | Software Update »
Activities
_ - °o
Support Material
Rasuings Cellular on »
Frequently Asked Questions
VPN Not Connected
Polls
im Wi-Fi >
Required Stop ey Symc
Bulletin Board
Search >
Discussion Forums . |
> g ¥
= e B . Auto-Lock 1 Minute > ||
(a) (b)

Figure 2. Print screens marked with the place tapped by the user in (a) TelEduc tool menu and no action was
triegered and (b) in iPhone menu settings. where an action was triggered.

Another problem observed during the user tests was related with the selection function (Problem 3).
Three users needed help to select the desirable URL to perform the copy and paste functions. Maybe due the
users are familiar with desktops, they were expected for a menu or a toolbar with options. Asked about how
they interact with the device, they realized about the touch interface and they tried to tap the desirable text.
and, in a second try, tapped the text and hold the finger over the text, and the interface responses with the
options. The problem is about the visibility and discoverability of the actions. We do not realize that we will
meet this problem, since the all volunteers are the generation who use mobile devices since childhood, but
they have a mental model more related with the desktop computers than mobile devices.

After copy the URL to do the defined activity in task 4, two users had another problem: how to return to
TelEduc. since another tab was opened (Problem 4). The button to trigger the action to show opened tabs is
at bottom on iPhone and is in at top on Android-based smartphones. One of the users prefers typing the
TelEduc address again instead of searching for how to go to an opened tab. The other user asked for help.

Most of TelEduc feedback appears on the page top (Fig. 3a), and to draw the user’s attention the feedback
blinks. In mobile devices. with the user is visualizing another part, the feedback is not visible (Problem 5).
One example happens when the user is posting a URL in the Portfolio item (doing the task 5). and after to tap
the “Ok™ button. the system response with the feedback “Internet Addresses included successfully.” in the
page top, but the user does not see since she was interaction with the elements in the bottom (Fig. 3b). It is
important to highlight that the TelEduc form to show feedbacks differs from the smartphones form to do it. In
smartphones feedbacks were showed as a popup dialog.

The last identified problem is about the time a feedback message is displayed (Problem 6). When the user
sends a message. the TelEduc shows a feedback page to inform that the message was successful sent for 2000
milliseconds. Since the smartphones take more time to render the page and shows all the page content, the
waiting time expires; the browser closes the feedback page almost immediately. the user can read the
feedback message, giving the impression that an error happed.

Analyzing the user opinion questionnaire and considering all identified problems. the users agree with
TelEduc have good usability. Three of the four volunteers described feel difficult to interact, and the last one
related does not feel any difficult to interact.
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5.3 Solutions
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Figure 3. Print screens of TelEduc feedback on (a) desktop and (b) mobile devices after the user click in the “Ok™
link to post the link in the Portfolio item to do the task 5.

Problem 1 is about the mobile user cannot write the content in most of TelEduc due the CKEditor is not
displayed on mobile devices. A good solution is to allow mobile user only write plain text. similar happen to
write messages in TelEduc Mail Tool. Analyzing the Portfolio tool code. we discovery that the content field,
a textarea tag, was not showed due a style property (display:none) that CKEditor changes when it loads.
Since mobile devices do not load the CKEditor. this property is not changed. Changing the code to get the
content from the value property when CKeditor is not load, and get the content from CKEditor when it
loaded. resolve the problem, destroying this barrier.

Problem 2 (user tapping in the space between menu item label and the symbol *>’ to trigger an action) is
easily to resolve. The tool menu is implemented with table and anchor tags. just changing the order putting
the li tag inside the <a> tag. becoming all the cell area a link.

Problem 3 (trigger a text selection) and Problem 4 (return to a previous tab) are related with the
smartphones operation system. Norman and Nielsen (2010) discuss discoverability and visibility problems in
touchscreen devices, and they argue there is a lack of established guidelines for gestural control.

A solution for the Problem 5 (TelEduc feedback is fixed at the top) is show feedback messages using
JavaScript dialog when the device have JavaScript support. Since browsers for mobile devices have
JavaScript engine inside. the browser have the responsibility to show the message in the visual standard used
in the mobile device. This solution may be applied to the Problem 6 (feedback time). giving the user the
feeling of control over the application.

6. CONCLUSION AND FUTURE WORK

Mobile devices. such as smartphones and tablets, are becoming increasingly popular: most of them have
touch screen displays, Internet access and enough computing power to process Web pages, allowing mobile
users access Web applications. such e-Learning environments. The e-Learning environments were initially
designed to be used with kevboard, mouse and a medium size display, and now have to consider their access
in mobile devices. We believe that Internet is a meeting point for all devices, so the Web applications need to
be access by any device. Which kind of barriers and problems do mobile users meet when browsing in an
e-Learning environment? We did a user test case with four volunteers accessing the TelEduc environment
through iPhone and Android-based smartphones, and discovery 6 problems that impact in the usability. Do
usability studies with users is a hard work, but it is necessary due the lack of techniques to do this kind of
evaluation. The discovered problem is related with the consistence between device interfaces and TelEduc
interface. discoverability and visibility of the features and code structure.

e-Learning environments have a lot of contributions to m-Learning, offering a platform to teachers and
students do their teaching and learning activities, but some technologic gaps need to be filled. With this work,
we started with the first step finding and eliminating barriers and interaction problems that become hard
mobile users access e-Learning features. Another step is taking advantages of the mobile device features in
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pro learning activities such create content like photos and videos. More research is need. since the interaction
style changed and different features arc available, e.g.. the mobile users write text with fewer words?
Analyzing the mail message sent from our volunteers to teachers to inform the activity was done, we noted
just a sentence was write. Is it happened due to the profile of our vounger volunteers or due the mobile device
restrictions? How this influences in the activities in the environments? Mobile users prefer record a video or
write a big text? These questions needs more research to be explained. but needs an e-Learning environment
without barrier to be accessed on mobile devices.

ACKNOWLEDGMENT

The authors thank the CAPES and CNPq for financial support and for FAPESP through TIDIA-Ae Project
(n. 05/60572-1). which provided the equipment.

REFERENCES

Apple, 2013a. iPhone 3GS — Technical Specifications. Available at: <http://support.apple.com/kb/SP565> [Accessed in
January 2013].

Apple. 2013b. 108 5. Available at: < http://developer.apple.convlibrary/ios/#releasenotes/General/WhatsNewIniPhoneOS
/Articles/iOS5 html> [Accessed in January 2013].

Casany, M. J. et al, 2012, Extending Moodle Services to Mobile Devices: The Moodbile Project. Proceedings of the 6th
International Conference on Mobile Ubiquitous Compulting, Systems, Services and Technologies, Barcelona. Spain.
pp. 24-28.

CKSource - Frederico Knabben, 2013, CKEditor - WYSIWYG Text and HTML Editor for the Web. Available at
<http://www.ckeditor.com>. [Accessed in January 2013].

Da Silva. A. C. and da Rocha, H. V., 2012. Improving e-Learning Environment With GPL Software - The visualization
content case for computers and mobile devices. Proceedings of the 6th International Conference on Mobile
Ubiquitous Computing, Systems, Services and Technologies. Barcelona, Spain, pp. 222-227.

Franco. M. A. et al, 2003. O ambiente virtual de aprendizagem ¢ sua incorporagio na Unicamp. /n Educagdo e Pesquisa,
Vol. 29, No. 2. pp. 341-353.

Google, 2013. Android. Available at: <http://www.android.com/> [Accessed in January 2013].

Kaikkonen. A.. 2008. Full or tailored mobile web — where and how do people browse on their mobile?. Proceedings of
the International Conference on Mobile Technology, Applications and Systems, I-Lan, Taiwan, pp. 111-111.

Lave. J. and Wenger, E.. 1991. Situated Learning — Legitimate peripheral participation. University Press, Cambrigde,
USA.

Maurer, ME. et al. 2007. Mobile or Desktop Website? Website Usage on Multitouch Devices. Proceedings of the 6th
Nordic Conference on Human-Computer Interaction. Reykjavik, Iceland. pp. 739-742.

Moodle Trust, 2013a. Moodle.org: open-source community-based tools for learning. Available at <http://moodle.org>.
[Accessed in January 2013].

Moodle Trust. 2013b. Moodle App. Available at: <http://docs.moodle .org/dev/Mobile_app>.[Accessed in January 2013].

Motorola Mobility Inc., 2013. Milestone Android — Phone Without Comprontise - Tech Specs - Motorola Mobility India,
Available at: <http://www.motorola.com/Consumers/IN-E N/Consumer-Products-and-
Services/MobilePhones/ci.Motoro la-MI LESTONE-IN-EN alt>. [Accessed in January 2013].

Normal, D A. and Nielsen, J., 2010. Gestural Interfaces: A Step Backward In Usability. In Interactions, Vol. 17, No. 5,
pp. 46-49.

Papert. S.. 1986. Consfructionism: a new opportunity for elementary science education. Proposal to The National Science
Foundation, Massachusetts, USA.

SAKAI Environment. 2013. Sakai Project | collaboration and learning - for educators by educators. Available at
<http://sakaiproject.org>. [Accessed in January 2013].

Schmiedl, G. et al. 2009. Mobile Phone Web Browsing —A Study on Usage and Usability of the Mobile Web.
Proceedings of the 11th International Conference on Human-Computer Interaction with Mobile Devices and
Services, Bonn, Germany.

Shrestha. S.. 2007. Mobile Web Browsing: Usability Study. Proceedings of the 4th Infernational Conference on Mobility
Technology, Applications and Systems, Singapore, pp. 187-194.

TelEduc Environment, 2013. TelEduc Ensino a Distdncia. Available at <http://www.teleduc.org.br>. [Accessed in
October 2012].

Valente, J. A.. 1993. Computadores e conhecimento: repensando a educagdo. Gralica da UNICAMP, Campinas, Brazil.

Valente. J. A.. 1999. Formagdo de Professores: Diferentes Abordagens Pedagogicas. /n O Computador na Sociedade do
Conhecimento, Editor Valente, J. A. UNICAMP/NIED. Campinas, Brazil. pp. 131-156.

206



Capitulo 6

Interacdo Baseada em Caneta e Baseada em
Multitoque em Ambientes de EaD

Este Capitulo, conforme descrito na Secdo 3.2, é formado por dois artigos
apresentando um trabalho pioneiro no contexto da plataforma Web, ambientes de EaD e interacao
baseada em caneta: o InkBlog, uma ferramenta de blog que possibilita os usudrios postarem
mensagens manuscritas ou desenhos elaborados por meio de uma caneta. Até o momento, as
ferramentas que exploram o conceito de Pen-Based Computing eram especificamente destinadas
ao dispositivo baseado em caneta e fora da plataforma Web.

Para o levantamento das funcionalidades implementadas considerou-se a experiéncia
obtida ao realizar o trabalho descrito no Capitulo 4, gerando uma primeira versiao da ferramenta.
O resultado da implementacdo do InkBlog foi publicado como artigo na Technology Enhanced
Learning Environments que compde a Informing Science + IT Education Conferences. O artigo
foi premiado como um dos melhores artigos da conferéncia e foi publicado no Journal Issues in
Informing Science and Information Technology.

Ap06s estudos do uso da ferramenta InkBlog em dispositivos mdveis com interacao a
toque e a caneta, uma nova versdo da ferramenta foi gerada, suportando também a interagcdo
multitoque. Os resultados foram submetidos e aceitos para publicacdo na sexta edicdo da
International Conference on Mobile, Hybrid, and On-Line Learning.

Para receber os dados provenientes da caneta e do toque na elaboracdo de desenhos e
rascunhos foi criado um componente em linguagem JavaScript, o InkEditor. Esse componente
pode ser integrado a outras ferramentas do ambiente, ou outra ferramenta Web, possibilitando
que novas ferramentas sejam criadas.
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Abstract

Weblogs are communication and collaborative tools disposed in Web that aims to publish texts
and sharing opinions, typically displaying the post in reverse chronological order, and allowing
visitors to leave comments. Since devices equipped with pen are becoming common, such as
tablets, and have enough computational power to render Web pages, users can access blog tools
through pen-based devices, writing new posts and read and comment published posts. But tablets
have a different input style and the user need to type the post instead of handwriting it, decreasing
the usability and make boring the writing task in these devices. Pen-based computing refers to a
computer user-interface using a pen, rather than devices such as a keyboard or a mouse, and is a
promisec rescarch arca to enhance Education, but it is need to properly consider the pen. We pur-

pose the InkBlog, a blog tool that receive input data from pen so that the user can handwriting her
posts. In this work we present the InkBlog architecture and the main component, the InkEditor for
Web pages. Using InkBlog the user can write equations or sketches faster than using a mouse or a

keyboard, getting the best of the pen-based devices.

Keywords: pen-based interaction, e-Learning environments, user interface design, usability.

Introduction

Blog software is a communication and collaborative tool disposed in Web that aims to promote
the sharing of messages among participants through an areca named blog. Users can publish texts,
images, audio, videos and links and sharing opinions in posts typically displayed in reverse
chronological order (the most recent post appears first) and allowing visitors to leave comments.
In this way, blogging can be seen as a form of social networking.

Material published as part of this publication, either on-line or
in print, is copyrighted by the Informing Science Institute.
Permission to make digital or paper copy of part or all of these
works for personal or classroom use is granted without fee
provided that the copies are not made or distributed for profit
or commercial advantage AND that copies 1) bear this notice
in full and 2) give the full citation on the first page. It is per-
missible to abstract these works so long as credit is given. To
copy in all other cases or to republish or to post on a server or
to redistribute to lists requires specific permission and payment
of a fee. Contact Publisher@InformingScience.org to request
redistribution permission.

In education, blogs can be used as in-
structional resources, referred to as
edublogs. Edublogs archive and support
student and teacher learning by facilitat-
ing reflection, questioning by self and
others, collaboration (Ray. 2006) and by
providing contexts for engaging in high-
er-order thinking. Ray (2006) cites four
ways to incorporate blogs into the class-
room, including: (i) using them to com-
municate information to students and
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parents; (ii) to provide instructional resources and useful links; (ii1) to allow students the oppor-
tunity to collaborate with one another on various projects without being in the classroom itself;
and (iv) to showcase student work and projects, like poetry and photographs of project work.

In e¢-Leaming environments, cach course participant (student or teacher) owns a blog, where she
can post or exclude messages. Each participant may access other course participants’ blogs,
comment posted messages by the owner of the blog. In Weblogs, to write a post, the users interact
with in a text editor that allows users without HTML (HyperText Markup Language) skills to
write rich text.

Mobile devices, such as smartphones and tablets, are becoming increasingly popular; most of
them have touch screen displays, Internet access and enough computing power to process Web
pages. So it is possible to access Weblogs, read the messages, post new messages and write
comments. But it is important consider that these pages are developed to be used with keyboard,
mouse and a medium size display, and the changing of interaction styles brings interaction prob-
lems (da Silva, Freire, & da Rocha, 2013) and does not take advantages of the interaction style
features. For example. to post a message in a Weblog using a pen-based device the user needs to
type each letter pressing the respective key in a virtual keyboard. This way of writing the text take
a lot of time, make boring the writing task and do not take the mainly pen purpose: handwriting
and do sketches easily.

We believe that the e-learning environment needs to be improved to be more easy to use in some
contexts, e.g., areas which need sketches or drawing such Mathematics. To make it easier to
handwrite or sketched posts in pen-based devices, we add features to manipulate clectronic ink
into a blog tool and called InkBlog. This work describes the InkBlog tool and presents some uses
in e-Learning. The next Section presents a literature review about electronic ink technology, the
e-Learning environments focusing in Weblog. The following Section presents the InkBlog, de-
scribing how the technologies are emploved to allow users handwriting posts and comments. The
last Section presents the conclusion and future works.

Literature Review

The recent technology forwards brings a broad of new applications made to support many areas,
such Education. One of the mobile devices that are gained repercussion in this scenario is the
Tablet PC (Tablet Personal Computer), a device with height as similar to a notebook and had an
input device similar a pen. The paper and pen metaphor implies that tasks performed before in
paper, like draw or manuscript writing, can be more natural in the Tablet PC than in the another
computing devices. Resuming, the Tablet PC has the following hardware characteristics: (i) Pen
sensitive screen; (i) Screen that allow different positions; (iii) Wireless network access by
WLAN (Wireless Local Area Network) and bluetooth technology: (iv) Microphones and embed-
ded loudspeakers; (v) Keyboard (some models the keyboard are detachable); (vi) Batteries.

Pen-based Computing or Pen Computing refers to a computer user-interface using a pen, rather
than devices such as a keyboard or a mouse. User interfaces for pen computing can be imple-
mented in several ways, like using the pen as a pointing input device, but takes better advantages
when the application is developed considering direct manipulation, handwriting or gesture recog-
nition, Educational applications for contexts where paper and pen usually are presents can bene-
fits from this new interaction style and from pen-based computing, offering better experiences of
use for teachers and students.

Berque, Bonebright and Whitesell (2004) describes the use of pen-based electronic classrooms
covering topics from the undergraduate computer science curriculum such as two-dimensional
arrays, pointer-based linked lists, binary search trees, directed and undirected graphs, digital logic
diagrams, and finite state automata. The authors say that these concepts are very difficult to
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communicate quickly and extemporaneously using a keyboard and they are also difficult to de-
scribe orally, studying the use of Tablet PC to cover these topics. Through a questionnaire, they
conclude that pen-based computers are well-received in the Computer Science classroom.

Florea and Radu (2007) present a study using the pen-based technology to improve the quality
and efficiency of the instructional process in a computer science course using concept maps,
showing how the pen-based technology can support several learning styles. They developed the
Pen Annotator, a tool to do graphical annotation on documents, and (@Graph, a tool to develop
and manage concept maps. Classroom Presenter (Anderson ef al., 2007) is a Tablet PC-based
classroom interaction system that supports the sharing of digital ink on slides between instructors
and students to increase the instructor's flexibility while lecturing.

Benlloch, Buendia and Cano (2009), using the Classroom Presenter, discuss an approach with six
steps based on a teaching method that incorporates active learning techniques and supports in-
class teacher/student and student/student collaborations. They implemented in a first-year Com-
puter Engineering Course, using a wireless classroom equipped with 25 Tablet PCs for students
and one additional for the instructor, which is connected to the data projector. Benlloch, Buendia
and Cano (2009) propose sketching in the carly stages of project-based approaches using Tablet
PCs and polls to gather formative information and in turn providing immediate feedback, activi-
ties supported by Classroom Presenter.

Pargas et al. (2007) presents a Tablet PC application, called OrganicPad. which enable an instruc-
tor to engage her students in class by sending them Chemistry problems to solve. The students
develop answers to the problems guided by tips and hints provided by the software. Labahn ef al.
(2008) propose MathBrush, a tool that allows users to draw math input using a pen-input device
on a tablet computer, recognizes the math expression, and then supports mathematical transfor-
mation and problem solving. The authors argue that entering mathematics on a computer is prob-
lematic, it is more natural write the formulae than inputting the latex form, maple form or mathe-
matic form.

McCormick (2007) points out that, based on a study with primary (3-11 years) classrooms in the
United Kingdom, a high degree of interaction and collaboration and a greater ownership over
their work when use interactive whiteboards and other pen-based leamning technologies on peda-
gogical practice. Backon (2006) says that the keyboard allows a rapid typewriting and do texts
structured by topics, but only pen can allow a creativity increment, better flexibility and a natural
record of the think development process and rationale in all stages (ideal requirements for the
educational environment), aging like a direct hand extension. For example in the resolution of
complex problems with a large calculus solution, by using applications is possible to record all
the steps and draw diagrams that explain the problem resolution, step by step.

When the user moves the pen in the screen, the pen trace should result in electronic ink that must
be treated by the application to be rendered and stored. But desktop applications, that running in
the Tablet PCs, do not treat electronic ink, so it is necessary special applications to treat the elec-
tronic ink to have benefices of the pen interaction style. This is the case of Classroom Presenter
and the other described pen-based software. In our previous work (da Silva & da Rocha, 2012)
we studied three applications (Professional Adobe Acrobat, Windows Journal and Jarnal) for do
classes annotations or writing manuscript in student activities using a Tablet PC, describing some
identified usability problems. Desktop applications do not manipulate the electronic ink, resulting
in loose of the Tablet PC potential because the pen is used only as a pointer device. In this case,
the use of pen as a pointer device in desktop applications brings some usability problems, such
the difficult to see the content when the user needs to cross the screen with her hand. There is
similar lack of technologies too in web browsers, and since pen based devices has computational
power enough to render Web pages, there is a need to fill these gap.
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The World Wide Web has changed since its invention from a static to a highly dynamic media in
the recent years, so the term “Web 2.0” was coined in 1999 to describe web sites that use tech-
nology beyond the static pages and its uses for collaborative, user-centric content production and
interactive content access (O'Reilly, 2005). Safran, Helic and Giitl (2007) describe that in litera-
ture the marks of Web 2.0 includes (1) social phenomena such as the Web for participation, (2)
technology for significant change in web usage, and (3) design guidelines for loosely coupled
services. The Web 2.0 allows users to interact and collaborate with each other in social network-
ing sites, weblogs, podcasts, wikis, video sharing sites and other sort of tools.

One kind of Web applications is e-Learning environments, as Moodle (http://moodle.org), SA-
KATI (http://sakaiproject.org) and Ae (http:/tidia-ac.iv.org.br/), applications with tools to support
teaching and learning activities though the Web and have some Web 2.0 characteristics. Tools in
these environments allow users to create content, communicate with other users and manage the
virtual space. Tools like chat, forums, portfolios, repositories are widely used, and tools that ex-
plore the audio and video resource to user communication, such as instant messenger and video-
conferences, are becoming common among the environments. These environments take ad-
vantages of the Web to offer content with text, images, audios and videos in a hypertext docu-
ment.

The mainly Web technology. the HTML, evolved too and the improvement defined to the last
version, the HTMLS, are related with support multimedia, keep it easily readable by humans and
consistently understood by computers and devices (Berjon et al., 2012). HTMLS adds the new
<video>, <audio> and <canvas> tag elements, as well as the integration of Scalable Vector
Graphics (SVG, a vector image format for two-dimensional graphics based on eXtended Markup
Language - XML) content and MathML (Mathematical Markup Language is a XML based-
format to describing mathematical notations) to integrate mathematical formulae into Web pages.
These features are designed to make it easy to include and handle multimedia and graphical con-
tent on the web without having proprictary plugins and APIs (Application Programming Inter-
face) installed.

The <canvas> tag allows for dynamic, scriptable rendering of 2D shapes and bitmap images, al-
lowing a drawable region defined in HTML code with height and width attributes. JavaScript
code may access the area through a full set of drawing functions similar to those of other common
2D APIs, thus allowing for dynamically generated graphics.

W3C, the World Wide Web Consortium who standardizes HTML, defines XML formats for non-
primitive data to allow exchange of a wide variety of data on the Web and elsewhere, and one
example is InkML (Chee efal., 2011). The InkML (Ink Markup Language) provides a common
format for the exchange of ink data between components such as handwriting and gesture recog-
nizers, signature verifiers, sketches, music and other notational languages in applications. The
InkML serves as the data format for representing ink entered with an electronic pen or stylus. It is
possible to find some uses of InkML, such in Microsoft Word 2010 support electronic ink in text
review and the InkML JavaScript Library (http://inkml.codeplex.com/), that offers some func-
tions to allows InkML digital ink to be referenced within Web pages and rendered directly into
the HTMLS5 <canvas> tag.

Considering the technology breakthrough that HTMLS5 purposes, most of the web sites uses
HTMLS5 to impress the user in the content exhibition and few take care about the user input inter-
action styles, developing the web pages considering the user is interacting with keyboard and
mouse in desktop computers. But this scenario is changing with the smartphone and tablet popu-
larization: the web designers need to think about the other interaction styles, such as touchscreen
and pen-sensitive devices.
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Another characteristic of Web 2.0 is that they would be used by a variety of devices and plat-
forms. Devices have Internet access and have enough computing power to render Web pages and
using good practices to design Web pages 1s possible to render in small devices. But some devic-
es have interaction hardware different from desktops; some have touchscreen and other pen-
sensitive screen, such Tablet PCs.

Berque, Bonebright and Whitesell (2004), Florea and Radu (2007), Anderson et al. (2007),
McCormick (2007), Benlloch, Buendia and Cano (2009) points out benefits in using Tablet PC in
classrooms. These works and da Silva and da Rocha (2011) studied the use of Tablet PC in teach-
ing or leaming activitics in or out classrooms in presence courses. But how to get the pen compu-
ting advantages in Web tools, mainly in e-Learning environments? Users with pen-based devices,
such as tablet, can access Weblogs and casily read the posts, but writing blog post is not too casy:
the user needs to type the text; even she is using a pen. To make it easier to handwrite posts and
allow users post sketches in pen-based devices, we add features based on HTMLS5 technologies to
manipulate electronic ink into a blog tool and called InkBlog. The remainder of this section pre-
sents the Ae environment and its Weblog tool, the software we used as base to create the InkBlog.

Ae Environment

The TIDIA-Ae Project (TIDIA-Ae is the acronym for “Tecnologia da Informagdo para o Desen-
volvimento da Internet Avangada — Aprendizado Eletronico”, in English “Information Technolo-
gy for Development of Advanced Internet — Electronic Learning™) was initiated by FAPESP (the
State of Sdo Paulo Research Foundation) with the main goal of developing an e-Learning envi-
ronment that can explore the potential of Advanced Internet and can provide support to different
educational context needs. To provide a flexible system the Ae project defined a layered compo-
nent-based architecture for Ac environment. The advantages of using component-based software
architecture, and which justify its adoption, are related to the following characteristics that are
obtained:

(1) Abstraction: explicit separation between the specification and the implementation of
functionalities; and
(i1) Uniform composition: in order to assemble functionalities implemented by distinct

components, there must be communication between these components’ provided and
required interfaces, thereby providing uniform composition. In this way, it is possible
to reuse components (Reusability) developed by other educational institutions, bring-
ing increased productivity and quality of the produced software.

Layered component-based software architecture was defined for the TIDIA-Ae Project (Beder,
Casagrande, & Rubira, 2004) with the following layers:

e Presentation laver: provides the application user interface;

e System layer: provides an interface for the application functionality;

e E-Leaming layer: provides the component interfaces that implement the application’s
business rules, which can be used by various applications;

e Infrastructure layer: implements a set of infrastructure services such as, for example. data
persistence;

e (Common services layer: has the public services that can be utilized and accessed by all
other architecture layers, except the presentation layer.

Following this architecture the Ae project developed a set of tool that was integrated with Sakai
environment nucleus to compose the Ae environment. One Ae’s tool is Weblog, an edublog tool.
The next session explain its purpose and its architecture.
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The Weblog Tool

The Weblog tool makes possible to the user share with other participants texts, video or audio
messages. The posted messages may be commented by the readers of the Weblog. Each partici-
pant (student or teacher) has a blog are for each course (Figure 1). The participant can post mes-
sages in her blog, clicking in the link “Compose a new post™ in the user blog page. A page within
a form to be filled will be displayed (Figure 2). After fill up the form, the user click in the “Con-
firm” button and the system will redirect the user to the user blog page displaying the new mes-
sage at top.

The user can read messages posted by other participants accessing the participant’s blog, and
comment the message posted by other participants in their blog area clicking in the link “Post a
comment”. The system will display a form to be filled in a new window (Figure 3), and to submit
the new comment the user needs to click in the “Confirm™ button. The new comment will be dis-
played when the user will click in the “Show comments™ link next to the commented message.

&/ TIDIA-Ae - e-Labora: Ace %

€ C # [ localhost:8080/portal/site/62a46cd5-d8d9-4e34-00e9-c743e2040174/page/ 1ca0l4de-edd1-4ebc-0087-7d2897b6eTb0 vy =

a ‘Welcome, Andre Silva !

BTabe

My Workspace A course (Example)

& _Weblog @

Home

Site Info

Roster
Schedule
Announcements

Compose a new post | Read the posts from other participants

Posts in this week:

Resources
Tesls & Quizzes
Wiki

Podcasts

Weblog
Gradebook CeGTI0 L4
Help
Read all posts

Andre Siva

(i) Pen sensitive screen;

(i) Screen that allow different positions;

(1) Wireless network access by WLAN (Wireless Local Area Network) and bluetooth
technology;

(iv) Microphones and embedded loudspeakers:

Figure 1: A participant weblog area in Ae’s Weblog tool rendered by Google Chrome.

Weblog tool was developed following the Ae architecture and developing platform (Beder ef al.,
2007), described in the above Section, and its presentation layer was codified using Struts and
Tiles (da Silva et al., 2006). Struts is a framework to extends the Java language to develop soft-
ware based on a Model-View—Controller (MVC) architecture and Tiles is a template mechanism
that allows the presentation layer to be composed from independent header, footer, and content
components making more casy develop Web pages avoiding code replication.
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Announcements Contant™ (text):
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Tests & Quizzes

[ome  Tel temswc [o]| B 7 U ase| ooy 2

Wiki This is an example of Weblog post message. The weblog owner can write about the course or
something related. The teacher can spacify activities to do in the Weblog tool, such post a exarcise
Podcasts <nlution or poast a opinion about a subject, The other coursa participant can read the posts and
Weblog comment |
Gradebook
Help

Andre e

Sharing type: O private
@ shared
* required Fieid(s)

Confirm | | Cancel

Figure 2: User posting a new message in her weblog.

» Post Comment - Google Chrome

B localhost:8080/portal/tool/3831 5Sbeb-a54 e-44b7-002f-b7 a5abbaeaad//toPostComment.domessagelD=45

POST COMMENT
Author: ~QAndre
[ .

[Content™ (text): X Ga@ | [ B|x¥xQ|EE=S|iZi=
—Fonte— w]-Tererre-[L ]| B 7 U s2e| ) sy

|| Confirm | | Cancel |

Figure 3: A participant writing a comment for a posted message
in other participant weblog area.

The Weblog Tool Architecture

This section presents the results from the phase of mapping the software components of the Web-
log tool onto the architecture defined by the TIDIA-Ae project. Figure 4 presents the components
responsible for the implementation of the functionalities of this tool distributed in the layers de-
fined by the Ae architecture.
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Figure 4: Weblog Tool Components.

We used J2EE (Java Enterprise Edition, an API and runtime environment for developing and
running enterprise software in Java language) as the development platform in the implementation
of the Ae tools. In relation to this technology. the following decisions were taken:

o Tomcat (hitp://tomcat.apache.org) as the J2EE application server;
e Java Beans were used in the system and e-leaming layers according to the decisions of
the TIDIA-Ae Architecture Group;

e Hibemate (http://www.hibernate.org) was also adopted as the main persistence frame-
work.

The InkBlog Tool

The InkBlog was created to make it casier to handwrite posts and comments using pen. We in-
creased the Weblog tool with components to generate and manipulate the electronic ink in the
user interface, representing the electronic ink in InkML format. Figure 5 shows the InkBlog archi-
tecture, based on Weblog architecture. The client device needs to have a compatible HTMLS5
browser to run the InkEditor, a user interface component that will render the electronic ink and

id InkBlog Architecture
Client
o 8
InkEditor E -
— gl

P layer
InkML / POST -

HTTP

InkML parts l#)\ IWeblogSystem

InkRenderer E
system layer

Figure 5: InkBlog Tool Components used in a handwritten or sketched post.
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will receive the input data generated by the pen. The InkEditor uses InkML to represent the
handwriting data and the Canvas HTML attribute to draw the traces in the screen.

[ confirm | [ Cancel

Input from: E /

RS I {This is an example of typed post

Content™ (text):
Aa@d|9 | Bl Q EEFIE|:
Erre— e A PR

This is an example of post that the user typed the words ysing a kevborard. You can use all features
editor offers to wiite a fich text

“ m [

Sharing type: @ private
£ shared

= reguired fiwid(s)

Confirm | [ Cancel |

iConfirm | | Cancel |
Input from: = '2
Title® (max.50):

Content™ (text):

(b)

Figure 6: New post composite page to (a) type the message using keyboard and
(b) handwrite the message using a pen.

To post a new message, the user can choose, selecting the icon on “input from:” field, to type the
text using a keyboard (Figure 6a) or to handwrite a post, selecting the Pen option in the New Post
page (Figure 6b). When the user chooses post a handwriting post, the browser will hidden the text
editor and show the InkEditor, where the user will use a pen to handwriting. When the user
touches the InkEditor within the pen and draw a trace, the InkController, an InkEditor compo-
nent, it will listen the user actions, getting the dots that compose the trace. Each dot is recorded
and a line connecting the preceding point to the new point is drawn in the canvas until the user
releases the pen. After the pen release, the InkController will generate the InkML's trace node for
the new trace. The user can draw how many traces she wants, all them will be stored and will
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compose the InkML file. When finalize to handwrite the post, the user will click in the Confirm
button, and the generated InkML file will be sent to the server to be stored.

The pen input data is received by the InkController, who transform each point of the trace into
coordinate points following InkML format. The user can choose the trace s color and the width
selecting the buttons options in the right side. When the user points out and presses the pen into a
color or width button, the next traces will have the brush attribute set to look likes the selected
options.

The InkRenderer, another InkEditor component, draws the traces of the handwrite posts in the
user screen, following the posts display order (Figure 7). InkRenderer’s code, the electronic ink
data in InkML format and the HTML page are sent to the client over the HTTP protocol (Figure
8). After all the data and code arrived in the client, the InkRenderer reads the InkML data resident
in the canvas’ data-inkml attribute, and draw the electronic ink for each trace, taking account the
ink formatting. The InkRenderer was developed using the InkML JavaScript Library.

Some changes were need in the server to distinguish the textual content from the tvpewriting
content and show the correct editor in the post view. The changes are done in the presentation
component; the other components were not changed.

It is possible too handwrite comments and post them: the process is similar to the described pro-
cess above.

Compose a new post | Raad the posts from other participants

Posted in: 15/01/2013 18:53

s o omdlhs, SanmdlicE
Janeiro/2013 ‘
Read all posts

_J Post 3 comment | N&o ha comesntarios postados

Subject: An example of typed post

This is an example of post that the user typed the words using  keyborard. You can use all features that the text
editor offers to write a nch text.

P Post a comment | NSo hd comentdrios postades
Figure 7: The user’s posts page.

To test the InkBlog we used a HP TouchSmart TX2-1040br, a 2.2 GHz dual-core processor com-
puter with 3 GB RAM and a 127 touchscreen with Windows Vista operating system and with
Windows 8 operating system. This model has the design similar to HP laptops but it is equipped
with the described hardware for Tablet PC, for our purposes, a pen sensitive screen. Google
Chrome browser version 22.0.1229.94m and Mozilla Firefox version 15.0.1 were used to navi-
gate through the InkBlog and demonstrated good performance in both browsers.

130



72

da Silva & da Rocha

cd InkML Architecture to show handwrite posts /

Client
Browser
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InkEditor
HTML + InkML gl
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f(%j\ IWeblogSystem
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system layer

Figure 8: InkBlog Tool Components used to render a handwritten or sketched post.
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Figure 9: Using InkBlog to share a solution for an exercise about Graph Theory
rendered by Chrome Browser.
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Figure 10: Using InkBlog to handwrite a reasoning to prove the better case of an
algorithm in Computer Theory course rendered by Mozilla Firefox.

Using the InkBlog is possible a better support to disciplines like Graph Theory and Computer
Theory. Without the InkBlog, the user needs to use paper and pencil to resolve an exercise and
use specific hardware, such scanner, to digitalize the solution. Or the user needs to use a special
application to draw a graph. In both solutions, the user posts the picture as an attached file in
weblog post. Using the InkBlog the user can sketch the graph direct on the weblog tool through
direct manipulation (Figure 9). Figure 10 shows the use InkBlog to handwrite a reasoning to
prove the best case for an algorithm.

We tested the InkBlog in iPhone and Android devices (Figure 11a and 11b) using the stock
browser in each device. Both devices display correct the posts, but due the platform does not dis-
tinguish between touch and stylus press, it is not possible to handwrite a post in these
smartphones: both devices recognize the input as page scrolling.
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Figure 11: InkBlog rendered by stock browser on (a) iPhone and
(b) Android based-device.

Conclusion and Future Works

Blog software is a communication and collaborative tool disposed in Web that aims to promote
the sharing of messages among participants, and some of them are used to educational purposes,
called EduBlogs. Blog can be used in many ways in classes (Ray, 2006) and it is one of the avail-
able tools in e-Learning environments, such as Weblog in Ae environment. Weblog tools use a
text editor to allow users typing rich texts without HTML skill, but when the user interact with a
pen she needs to typing each letter, so the usability, most specific, the efficiency decreases and
making boring the writing task. Another problem is the difficult to draw sketches using the
mouse. These usability problems were deal by many researches before in other contexts, e.g.,
when the user needs to write mathematic formulae or draw a diagram. The studied rescarches got
the solution on pen-based computing. These researches developed solution to be installed on the
computer and studied in the classroom, concluding that pen-based computing may enhance the
Education in classroom. How to improve the e-Leaming environment to get advantages of the
Pen-based computing and enhanced the Education in distance leaming? One solution is, when the
user access the environment using a pen-based device, allow the user does handwriting posts and
draws sketches to do her activities. We improve the Ae’s Weblog with components to generate
and manipulate electronic ink, calling this new tool as InkBlog.

In the InkBlog development, we chose well-defined and promising technologies, such as W3C
InkML and HTMLS3, allowing to codify a light electronic ink editor for Web pages, the InkEditor.
Some modifications are done in the Weblog for distinguish the correct editor to be displayed in
the new post composite page and display handwriting posts and comments. We think allowing the
Web application to manipulate the electronic ink we are powering the application with the best
that the pen can offer. Using the InkBlog, users can handwriting and sketches posts and com-
ments, powering the blog usages in areas like mathematics, architecture, fashion and music. But
we need to validate this insight with some studies.
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For future works, we will increase the InkEditor functionalities, such as ink selection, copy and
paste features. Another future work is implements gesture to trigger functionalities by the integra-
tion with the environment with a gesture recognizer, and study the gesture’s draw for each func-
tion. And the integration with a handwriting recognizer to recognize the word and allow a better
integration with another environment tools, such search tool. Another feature to be implemented
is use a post or a document as background, allowing teachers or other student to do annotation
over a post.
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Abstract— e-Learning environments are applications that use
the Web infra-structure to support teaching and learning
activities; they are designed to have good usability using a
desktop computer with keyboard, mouse and high resolution
medium-size display. Devices equipped with pen and touch
sensitive screen have enough computational power to render
Web pages and allow users to navigate through the e-learning
environments. But, pen-based or touch sensitive devices have a
different input style; decreasing the usability of e-learning
environments due the interaction modality change. To work on
mobile contexts, e-learning environments must be improved to
consider the interaction through pen and touch. In a previous
work, we presented the InkBlog, a blog tool that receives input
data from pen allowing users to handwrite posts. In this work,
we present an extension of InkBlog to receive input from multi-
touch screens. We described the changes over the InkBlog
architecture and implemented components to treat data
generated by pen and touch.

Keywords-Human-Computer Interaction; Electronic
Learning Environment; Mobile Devices; Interaction Styles.

L INTRODUCTION

e-Learning environments, such as Moodle [1], SAKAI
[2], TelEduc [3], Ae [4], are applications that use the Web
infra-structure to support teaching and learning activities.
The e-Learning environments are designed to support a
variety of users and learning contexts, but they are designed
to conventional computers, usually equipped with keyboard
and mouse as input and a medium screen and speakers as
output; a limited set of interaction styles for nowadays
devices. These modalities, and the technology that support
them, shape the teaching and learning activities done in the
e-Learning environments; they focus on reading and writing
skills.

One example of tools available at e-learning
environments is Weblog, a communication and collaborative
tool that aims to promote the sharing of messages among
participants through an area named blog. Users can publish
texts, images, audio, videos and links, sharing their opinions,
in posts typically displayed in reverse chronological order
(the most recent post appears first) and allowing visitors to
leave comments. In this way, blogging can be seen as a form
of social networking.

Mobile devices, such as smartphones and tablets, are
becoming increasingly popular; most of them have touch
screen displays, Internet access and enough computing
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power to process Web pages. So, it is possible to access blog
tools, read the messages, post new messages and write
comments through mobile devices. But, it is important to
consider that these tools (and so their Web pages) are
developed to be accessed by desktop computers equipped
with keyboard, mouse and a medium size display; in your
previous work we described that when a user interface
designed for a set of interaction styles is accessed by a
different set of interaction styles the users face interaction
problems [5]. Another problem is that it is not possible to
take advantage of the interaction style features; for example,
in a desktop computer, users use the keyboard to typing the
post text. In a pen-based computer without handwrite
recognition, users need to type each letter pressing the pen in
the respective key in a virtual keyboard. This way of writing
texts takes a lot of time, make boring the writing task and do
not take the mainly pen purpose: handwriting and do
sketches easily. In the case of touch sensitive screen, the user
can touch in the virtual keyboard to write the post, but it is
not possible to do sketches.

So, we believe that blog tools and e-learning
environments need to be improved to be easier to use in
some devices and some contexts, e.g., areas which need
sketches or drawing such Mathematics. In our previous work
[6], we developed the InkBlog tool to easily write handwrite
or sketched posts in pen-based devices by adding features to
manipulate electronic ink into a blog tool from Ae, an e-
Learning environment. But, the InkBlog have some
limitations:  display handwriting posts correctly in
smartphones, but it is not possible to sketch post. In this
work, we add some features to improve the InkBlog to allow
users to write messages in many devices: desktop computers,
smartphones and tablets.

Section II presents a literature review about electronic ink
technology and e-Learning environments, focusing on
Weblog tool. Section III presents the InkBlog, describing
how the technologies are employed to allow users
handwriting posts and comments using pen-based devices. In
Section IV, we present the modifications done in InkBlog to
allow users to interact using multiple fingers. The last section
presents the conclusion and future work.

II.  E-LEARNING ENVIRONMENTS AND INTERACTION
STYLES

The World Wide Web has changed since its invention
from a static to a highly dynamic media in the recent years;
50, the term “Web 2.0” was coined in 1999 to describe the
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web sites that use technology beyond the static pages and its
uses for collaborative, user-centric content production and
interactive content access [7]. Safran, Helic and Giitl [8]
describe that in literature the marks of Web 2.0 include: (i)
social phenomena, such as the Web for participation, (ii)
technology for significant change in web usage, and (iii)
design guidelines for loosely coupled services. The Web 2.0
allows users to interact and collaborate with each other in
social networking sites, weblogs, podcasts, wikis, video
sharing sites and other sort of tools.

One kind of Web applications that have some Web 2.0
features is e-Learning environments, as Moodle [1], SAKAI
[2] and Ae [3]. They are applications with tools to support
teaching and learning activities though the Web. Tools in
these environments allow wusers to create content,
communicate with other users and manage the virtual space.
Tools like chat, forums, portfolios, repositories are widely
used, and tools that explore the audio and video resource to
user communication, such as instant messenger and video-
conferences, are becoming common among the
environments.

HyperText Markup Language (HTML) is used for any
web application to describe the page interface and its
content. Usually, in web applications that users post text,
there is a rich text editor to allow users write formatted text
without HTML skills. In desktop computers, the users use
the keyboard to typewrite the letters, and use the mouse to
select format functionalities (some of them have shortcuts to
be triggered by the keyboard). Since the rich text editors
have a direct manipulation interface similar as text editor
applications, it is easy to be used in desktop computers
equipped with mouse and keyboard.

The HTML have some improvement defined in the last
version, the HTMLS5, related with support multimedia, keep
it easily readable by humans and consistently understood by
computers and devices [9]. HTMLS adds the new <video>,
<audio> and <canvas> tag elements, as well as the
integration of Scalable Vector Graphics (SVG, a vector
image format for two-dimensional graphics based on
eXtended Markup Language - XML) content and
Mathematical Markup Language (MathML, a XML based-
format to describing mathematical notations) to integrate
mathematical formulae into Web pages. These features are
designed to easily include and handle multimedia and
graphical content on the web without having proprietary
plugins and Application Programming Interface (APIs)
installed.

The <canvas> tag allows for dynamic, scriptable
rendering of 2D shapes and bitmap images; it is a drawable
region defined in HTML code with height and width
attributes. JavaScript code may access the area through a full
set of drawing functions similar to those of other common
2D APIs, thus allowing for dynamically generated graphics.

Another evolution in HTML is standardizing how the
browser must handle events from touch and pointer inputs
[10]. The W3C Group specified that “The Touch Events
specification defines a set of low-level events that represent
one or more points of contact with a touch-sensitive surface,
and changes of those points with respect to the surface and
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any DOM (Document Object Model) elements displayed
upon it (e.g., for touch screens) or associated with it (e.g., for
drawing tablets without displays)”. This specification was
done thinking in devices equipped with stylus such as tablet
and define event types for: (i) when a user touch the surface
(touchstart), (ii) when a user remove a touch point from the
surface (touchende), (iii) when a user moves a touch point
along the surface (touchmove), (iv) to indicate a touch point
has been disrupted (touchcancel). Having different event
types for input data generated by each modality gives
flexibility for the developers define the actions to be trigger
for each modality.

W3C defines XML formats for non-primitive data to
allow exchange of a wide variety of data on the Web and
elsewhere; one example is Ink Markup Language (InkML)
[11]. The InkML provides a common format for exchange
ink data between components such as handwriting and
gesture recognizers, signature verifiers, sketches, music and
other notational languages in applications. The InkML serves
as data format for represent ink gathered by an electronic pen
or stylus. It is possible to find some uses of InkML, such in
Microsoft Word 2010 support electronic ink in text review
and the InkML JavaScript Library [12], that offers some
functions to allows InkML digital ink to be referenced
within Web pages and rendered directly into the HTMLS5
<canvas> tag.

Considering the technology breakthrough that HTMLS
proposes, most of the web sites use HTMLS to impress users
through content exhibition; few developers take care about
the user input interaction styles, so they develop web pages
for users with keyboard and mouse in desktop computers and
not appropriate for touch devices. But, this scenario is
changing with the smartphone and tablet popularization: the
web designers need to think about the other interaction
styles, such as touchscreen and pen-sensitive devices.

In pen-based devices when the user moves the pen in the
screen, the pen trace should result in electronic ink that must
be treated by the application to be rendered and stored. But,
desktop applications, that running in the Tablet PCs, do not
treat electronic ink, so it is necessary to incorporate special
applications to treat the electronic ink to have benefices of
the pen interaction style. This is the case of Classroom
Presenter [13] and others pen-based software. In our
previous work [14] we studied three applications
(Professional Adobe Acrobat, Windows Journal and Jarnal)
to do classes annotations or writing manuscript texts in
student activities using a Tablet PC, describing some
identified usability problems. We conclude that desktop
applications that do not manipulate the electronic ink loose
the Tablet PC potential because the pen is used just as a
pointer device. This is valid for web applications.

In our previous work, trying to develop web applications
that do a better use of pen interaction, we developed the
InkBlog for Ae environment, described in the next Section.
We chose a blog tool because edublogs, blogs with
educational purpose, archiving and supporting student and
teacher learning by facilitating reflection, questioning by self
and others, collaboration [15] and by providing contexts for
engaging in higher-order thinking. Ray [15] cites four ways
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to incorporate blogs into the classroom, including: (i) using
them to communicate information to students and parents,
(i) to provide instructional resources and useful links, (iii) to
allow students the opportunity to collaborate with one
another on various projects without being in the classroom
itself, and (iv) to showcase student work and projects, like
poetry and photographs of project work. Another motivation
is that users can share draws and images, and the stylus
allows users to draw in the device.

III. THE AE ENVIRONMENT AND INKBLOG TOOL

The TIDIA-Ae Project (TIDIA-Ae is the acronym for
“Tecnologia da Informagdo para o Desenvolvimento da
Internet Avancada — Aprendizado Eletronico”, in English
“Information Technology for Development of Advanced
Internet — Electronic Learning™) was initiated by FAPESP
(the State of Sdo Paulo Research Foundation) with the main
goal of developing an e-Learning environment that can
explore the potential of Advanced Internet and can provide
support to different educational context needs: the Ae
environment. Several tools are developed for Ae
environment such as Portfolio, Mail, Discussion Forum,
Chat and Weblog.

In e-Learning environments, each course participant
(student or teacher) owns a blog, where she can post or
exclude messages sharing texts, video or audio messages
with other participants. Each participant may access other
course participants’ blogs, comment posted messages by the
owner of the blog.

To publish a message in the Ae’s Weblog, the participant
clicks in the link “Compose a new post” in her blog page. A
new page within a form to be filled will be displayed. After
filling up the form, the user clicks on the “Confirm” button
and the system will save the new post and redirect the user to
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the user’s blog page displaying the new message at the top.

The Weblog uses a rich text editor to allow users to
easily write formatted text without having knowledge of
HTML. For desktop computers the rich text editor works
well, the user type the text in the keyboard and use the
mouse or shortcuts to trigger format features. But, in the case
of pen-based tablets the usability decreases: the user needs to
typewrite each letter pressing the pen over the respective key
in a virtual keyboard. It is not possible to handwriting or
sketching, actions done with a pen and paper.

Ae’s Weblog tool was designed in a design-evaluation
process. The first step to create the Weblog’s user interface
was to develop a high-fidelity prototype considering the user
will interact in a desktop computer equipped with mouse,
keyboard and a high-resolution medium size display. This
user interface was evaluated and some modifications were
done before codifing phase. A usability test was done with
the first implement version, and some modifications (e.g.,
removing some functionallities and changing some labels)
were recommended. The final version is presented in Figure
1.

In our previous work, we presented the InkBlog [6] (Fig.
1). It was created to make easier to handwrite posts and
comments using a stylus in pen-based devices. The approach
to develop the InkBlog was to increase the Weblog tool with
components to generate and manipulate the electronic ink in
the user interface, representing the electronic ink in InkML
format; before a usability test was done to identify problems
when user interacts with pen. Changes in the Weblog’s
architecture (Fig. 2) and user interface (Fig. 3) were done to
support input data from stylus. In the architecture we added a
component to receive data from pen, the InkController
component, and a component to renderer this data as
electronic ink, the InkRenderer component. Both
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Figure I. Using InkBlog to share a resolution about finding root for quadratic equation rendered by Google Chrome browser in a Tablet PC.
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Figure 2. InkBlog components to treat input data from pen.

Figure 3. Using InkBlog to handwrite a post using a stylus.

components, InkController and InkRenderer, compose the
InkEditor: a handwritten text editor for web pages that render
the electronic ink and receive the input data generated by
stylus.

The pen input data is received by the InkController,
which transforms each point of the trace into coordinate
points following InkML format. The user can choose the
trace’s color and the width selecting the buttons options in
the right side (Fig. 3). When the user points out and presses
the pen into a color or width button, the next traces will have
the brush attributes set to look like the selected options.

The InkRenderer, the other InkEditor component, draws
the traces of a handwritten post in the user screen (Fig. 1).
The InkRenderer’s code, the electronic ink data in InkML
format and the HTML page are sent to the client over the
HTTP protocol (Fig. 2) to display the page with posts. After
all the data and code arrived in the client, the InkRenderer
reads the InkML data resident inner the tag canvas, and
draws the electronic ink for each trace, taking into account
the ink formatting. The InkRenderer was developed using the
InkML JavaScript Library.

To post a new message, the user can choose the input
hardware (keyboard or pen) selecting the icon on “input
from:” field, to type the text using a keyboard or to
handwrite a post with a stylus (Fig. 3). When the user
chooses the pen, she will write a handwriting post, the
browser will hidden the text editor and show the InkEditor,
where the user will use the stylus to handwrite. When the
user touches the InkEditor within the pen and draws a trace,
the InkController will listen to the user actions, getting the
dots that compose the trace. Each dot is recorded and a line
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connecting the preceding point to the new point is drawn
until the user releases the pen. After the pen is released, the
InkController will generate the InkML’s trace node for the
new trace. The user can draw as many traces she wants, all
them will be stored and will compose the InkML data. When
finished handwriting the post, the user will click in the
Confirm button and the generated InkML data will be sent to
the server to be stored.

Some changes were needed in the Web application to
distinguish textual content from typewriting content and to
show the correct editor in the post view. The changes are
done in the presentation layer; the other layers have not been
changed.

The client device needs to have a compatible HTMLS
browser to run the InkEditor. The InkEditor uses InkML to
represent the handwriting data and the Canvas HTML
attribute to draw the traces in the screen.

It is also possible to handwrite comments and post them:
the process is similar to the described process above.

IV. IMPROVING BLOG TOOL FOR PEN AND TOUCH
INTERACTION

To support touch interaction, we developed a new
version of the InkBlog, extending it with features to
manipulate data from touchscreens. To include touch
interaction, we adopted the same evolutionary approach as
when we included pen interaction: usability test with user
interaction with pen (two devices were considered, a
smartphone and a tablet) and modifications of the user
interface, following usability tests.

Multi-touch in web applications is more common on
games; Johnson [16] presents a tutorial to include features of
multi-touch in web applications. Analyzing the InkBlog
code, we modified the InkController code to support touch
devices including the handling of touch events defined by
W3C. The first modification was handling the touchstart,
touchmove and touchend event types. Since we wanted the
users draw with their fingers in touch sensitive devices, these
events types call functions to start a line, to compose the line,
and to stop to draw a line, respectively. This modification
allows users to interact with one finger per time.

To allow multi-touch, it was necessary to use a
<inkml:trace> to store the data from each finger in a array.
The browser send to the function that will handle the user
interaction an event object with the changedTouches
attribute, a collection with data from one or more modified
touch points. To identify finger’s move it is possible to use
the event’s identifier attribute; this value was used as index
in the array of <inkml:trace> to put the data in the correct
line.

To avoid the browser to scroll the page when the user
moves the fingers on the screen, it was called the event’s
functions preventManipulation() and preventDefauli().

To test the new version of InkBlog we used a Tablet PC,
a tablet and two smartphones. The Tablet PC is a HP
TouchSmart TX2-1040br, 2.2 GHz dual-core processor with
3 GB RAM and a 12”7 multi-touch screen with Windows
Vista operating system and with Windows 8 operating
system. This model has the design similar to HP laptops but



eLmlL 2014 : The Sixth International Conference on Mobile, Hybrid, and On-line Learning

it is equipped with the described hardware for Tablet PC, for
our purposes, a pen sensitive and touch sensitive screen.
Google Chrome browser version 31.0.1650.57m was used to
navigate through the e-learning environment. So, the used
Tablet PC has pen and multi-touch modalities.

The tablet used in the session tests is a Brazilian Positivo
Ypy ABIOEC, 1.0 GHz ARM Cortex A9 processor with 1
GB RAM and a 10" multi-touch screen 800 x480 pixels of
resolution with Android version 4.1.1 operating system. In
the iPhone, the used browser was the Google Chrome
31.0.1650.59.

The smartphones used in the session tests are an iPhone
3GS and a Motorola Milestone. The iPhone 3GS has a 833
MHz Samsung S5L.8920 ARM Cortex-A8 processor with
256 MB RAM and a 3.5” multi-touch screen 480 x320 pixels
of resolution and iOS version 6.1.3 as operating system. In
the iPhone, the used browser was the Safari. The Motorola
Milestone has a 600 MHz Cortex-A8 processor with 256 MB
RAM and a 3.7” multi-touch display 854 x 480 pixels of
resolution and Android version 4.0.3 as operation system. To
browse in the Web application, the Android stock Web
browser was used.

In the post message task, the new version of InkBlog
demonstrated to have good performance in all devices. Fig. 4

Q)

e, b 5]

Figure 4. Using InkBlog to write a post using fingers in an android-
based tablet in a landscape position.
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shows the use of the Positivo Tablet to draw in the InkBlog
using ten fingers at the same time (each line was done by one
finger, draw here with different colors but the InkBlog just
allow user to draw with one). The HP Tablet PC with
Windows 8 recognized 4 fingers, instead of 5 fingers
described in the operation system user manual. The Motorola
Milestone and iPhone (Fig. 5) recognized 5 fingers.

All devices displayed the posts correctly (Fig. 6), but
when the number of drawing posts increases, more time is
necessary to render. The render process depends on the
hardware, so different devices take different time to
complete the task.

In all devices, smartphones or tablets, the touch input
data was correctly identified by the web application. In
Windows 8 using Google Chrome, the input data from the
pen is recognized as mouse input.

To manipulate the iPhone and the Android-based
smartphone we used fingers and a capacitive stylus. Since
these devices cannot distinguish touches by fingers from
touches by stylus, it is not possible to handling the input data
considering the data origin. In this case, we prefer to allow
users drawing on the surface instead of using the data to
scroll the screen. We decided considering the user goal: to
post a message.

Another handling is possible: to combine the power of
input modalities, e.g., in Tablet PCs, devices that have
capacity to distinguish the origin of the input data, it is
possible to use the data from the pen to generate the
electronic ink and the data from touch to scroll the screen or
to trigger another gesture such as selection and zoom.

We did one study case based on user test (following
Human-Computer Interaction methodology) planned to
apply a profile questionnaire, the performance of four tasks
and, in the end, apply a opinion questionnaire. In the opinion
questionnaire we adopted the Likert scale for multiple choice

Oprivate
Gshared

m @
Figure 5. Using InkBlog to write a post using fingers in an iPhone
smartphone in a landscape position.
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questions. We invited three volunteers: one woman and two
men. One of them have post-graduation (33 years old) and
the other two are undergraduate student in Computer Science
(22 and 27 years old). All of volunteers consider themselves
experts and use touchscreen devices every day for more than
one year. None of the volunteers used pen-sensitive devices.
All volunteers access Internet, one of them for more than ten
hours per day and two of them uses between five to ten hours
per day.

About e-learning environments, all volunteers have used:
one of them does not know the name of the used
environment and the other two had used TelEduc and
Moodle. Two of them reported that they used for more than
one year, and the another volunteer reported that she used
between one to five months. Two users reported that they are
experts about e-learning environment and another one
reported have intermediate knowledge.

The volunteers were questioned about how to help a
colleague that asked for help by e-mail to resolve an exercise
that needs to apply the Bhdskara formulae. One volunteer
used special character to represent the power and the square
in the formulae. Another one said that she probably sent a
link with the formulae and some resolved exercises. The last
volunteers answered that probably she will search on the
Internet to remember the Bhdskara formulae.

All volunteers performed four tasks: i) login (with a
given username and password) in the Ae environment: ii)
post a message in the InkBlog with the resolution of an
exercise that need to find the roots of a quadratic equation;
iii) aim a colleague to find errors in her resolution; iv) logout
of the environment. The volunteers are asked to perform the
four tasks in three devices: i) the Tablet PC using the pen; ii)
the iPhone using fingers; and iii) the Positivo tablet using
fingers.

By observation, it was possible to identify several
problems. The volunteers had some difficult to do small
traces (e.g., - and =); this traces are done quickly, and most
of time, the interval between the start and the end is not long
enough to generate the data; sometimes, the trace is
recognized by the browser as gesture (e.g., back or forward).
Dots are considered by all volunteers difficult to be done;
since they are small, the user needs to press and move slowly
the pen (or the finger) in circular move to do a dot. Maybe,
these are the reason for the volunteers answered in the
questionnaire, when questioned “It was easy write a message
using a pen”, one user marked the option “strongly agree”,
another one marked the option “agree”, and the last one
marked “disagree”. One volunteer said that it was difficult
to write as legibly as when she writes on the paper.

In the Tablet PC using the pen, the volunteers tried to
scroll the page touching the pen in a white area (similar as
they did when interact in smartphones). But, this feature is
not implemented in the environment and the Chrome
browser either. Maybe, this is the reason a volunteers mark
“agree” when asked about if her had difficult to scroll the
page. The volunteers reported that had some problems to use
the virtual keyboard due the small keys.

About the interaction using the iPhone, the volunteers
just used one finger to write in the InkEditor. The volunteers
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used two fingers only to do gesture for zooming. The

Figure 6. A resolution made by one volunteer with her finger about
finding root for a quadratic equation rendered by Google Chrome
browser in the Positivo tablet.

volunteers described some difficulty to read the screen, but
they did not have difficult to trigger links and icons. One
volunteer reported difficulty to scroll the page. About writing
the resolution using the finger (question “it was easy write
my message through the finger”), a volunteer marked
“strongly agree”, another volunteer marked “agree” the last
one marked “strongly disagree”. It is important to highlight
that the exercise is easier to be done using a pen, due the pen
characteristics. In the open question, one volunteer said “the
iPhone screen is too small, and my fingers are large turn hard
to do precise strokes and that fit in the available space” (Fig.
6). One volunteer reported the impossibility to do the gesture
for zooming in the InkEditor component (InkEditor
recognize as electronic ink).

About the interaction using the Positivo tablet, the
volunteers reported that they did not have difficult to trigger
links and icons, but one volunteer reported had some difficult
to read the screen. No volunteer had difficulty to scroll the
page (since a touch in anywhere in the screen can generate a
scroll). About writing the message within a finger in the
Positivo tablet (question “It was easy wrile my message
using a finger™), one user reported “strongly agree”, another
one reported “disagree”, and the last one “strongly disagree”.
One volunteer reported (and it was observed too) that, after
each trace done, the visual focus returned to the field text,
and the browser scroll up the page, causing some risks in
unwanted places in the InkEditor due the user started the
next trace.
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V. FINAL CONSIDERATIONS AND FUTURE WORK

e-Learning environments are applications that use the
Web infra-structure to support teaching and learning
activities. To post text, there is a rich text editor to allow
users writing formatted text without HTML (HyperText
Markup Language) skills. This solution has good usability on
desktop computers, but when the user interacts with a pen or
touching, she needs to type each letter using a virtual
keyboard, so the usability, most specifically, the efficiency,
decreases and makes the writing task boring. Another
problem is the difficulty to draw sketches using the mouse.

In our previous work we improved the Ae’s Weblog with
components to generate and manipulate electronic ink,
allowing users handwrite posts and draw sketches in pen-
based devices, calling this new tool InkBlog (available to test
at [17]). For the InkBlog development, we chose well-
defined and promising technologies, such as W3C InkML
and HTMLS, allowing to codify a light electronic ink editor
for Web pages, the InkEditor. Some modifications are done
in the Weblog for distinguishing the correct editor to be
displayed in the new post composite page and display
handwriting posts and comments. However, InkBlog has
some limitations: it is not possible, in touchscreen device, to
use fingers to draw.

We believe that with InkBlog it is possible to have a
better support to disciplines like Graph Theory and
Computer Theory. Without the InkBlog, the user needs to
use paper and pencil to resolve an exercise and use specific
hardware, such a scanner, to digitalize the solution. Or the
user needs to use a special application to draw a graph. In
both solutions, the user posts the picture as an attached file in
a weblog post. Using the InkBlog the user can sketch the
graph directly on the weblog tool through direct
manipulation.

In this work, we modified InkBlog to handling touch
events, allowing users with multi-touchscreen devices post
messages with draw done by fingers. The new version of
InkBlog was tested in 4 devices (HP Tablet PC, Positivo
tablet, Motorola Milestone smartphone and iPhone) and in 3
operation system (Windows Vista and 8, iOS and Android).
Usability test was done with three volunteers. Some usability
problems were found and they will be corrected in the next
version. For future works, we will: 1) do a performance
evaluation and evaluated in a class; 2) improve other tools by
adding the developed components; 3) support gestures to
trigger functionalities by the integration with the
environment with a gesture recognizer, and study the
gesture’s drawing for each function; 4) integrate with a
handwriting recognizer to recognize the word and allow a
better integration with another environment tools, such as
search tools; 5) using a post or a document as background,
allowing teachers or other student to do annotations about a post.
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Capitulo 7

Arquitetura para Ambientes de EaD com
Interagao Multimodal

Baseado na experiéncia com as modalidades obtida na realizagdo deste trabalho e na
literatura sobre multimodalidade, propomos uma arquitetura para construir um ambiente de EaD
com interacdo multimodal. Adotar multimodalidade em um software implica a adocdo de
componentes que tratam a multimodalidade mas, também, a criacio de interfaces entre os
componentes da multimodalidade e do software. No caso dos ambientes de EaD, que possuem
um conjunto amplo de ferramentas, de funcionalidades dispostas nessas ferramentas, de papéis e
permissdes, € necessdrio que esses componentes se relacionem.

Este Capitulo € composto por dois artigos, o primeiro, um artigo resumido
apresentado em um workshop de teses que ocorreu na sexta edi¢do da International Conference
on Advances in Computer-Human-Interactions, na qual apresentamos a primeira versdao da
arquitetura para ambientes de EaD com interacdo multimodal, baseada na arquitetura de Dumas,
Lalanne e Oviatt (2009), apresentada na Sec¢do 2.4

O segundo artigo, gerado a partir da continuacdo do trabalho anterior e publicado na
IADIS International Conference on Interfaces and Human-Computer Interaction and Game and
Entertainment Techonologies, apresenta um maior nimero de relacionamentos entre os
componentes e cendrios que exemplificam a necessidade do interfaceamento dos componentes.
Assim, este Capitulo mostra a construcio e a evolucdo de uma proposta de arquitetura para os
ambientes de EaD suportarem a multimodalidade, usando como base o ambiente Ae, selecionado
por ter documentacdo de sua arquitetura.

Ressalta-se que a multimodalidade nos ambientes de EaD ndo depende somente da
implementacdo do ambiente. Os navegadores e sistemas operacionais desempenham papel
importante na coleta e envio de dados para os componentes do ambiente de EaD, e a tecnologia
atual ainda estd em evolugdo, trazendo desafios para a drea, conforme serd descrito no Capitulo 8.
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Abstract—The Human-Computer Interaction is challenging the
use of many modalities to interact with an application. The e-
Learning environments interfaces are been exposed to this
diversity of modalities, but they are designed to be used with a
limited set. The impact is that users have interaction problems
caused by the cross modality. The e-Learning environments
need to evolve allowing users to interact with a more broadly
interaction styles. One solution is adopt Multimodal
Interaction concepts, improving the usability and accessibility
of the e-Learning environment and make possible to embrace
better learning contexts, property that we define as
learnability.

Keywords-Human-Computer Interaction; Interaction Styles;
Multimodal Interaction; Electronic Learning Environment.

L. INTRODUCTION

The Human-Computer Interaction is challenging the
replacement of the mouse and actual interfaces for interfaces
that works with natural interaction, non-tactile interfaces,
speech recognition, facial and movement recognition and
gestures [1][2]. So, there are many ways to interact with
digital artifacts and applications, like keyboards, mouse,
small, medium and big displays, voice, touch and gestures.
Many hardware components are available supporting
different interaction styles.

The Multimodal Interaction is a solution to possibility the
use of an application in this diversity of interaction styles,
allowing users interact with computers by many input
modalities (e.g., speech, gesture, eye tracking) and output
channels (e.g., text, graphics, audio) [3]. Multimodal
Interaction is proposed to turn the human-computer
interaction more natural, i.e., more close to the human-
human interaction. The main benefices are the increase of
application's  usability,  accessibility, flexibility —and
convenience [3]. But, building a multimodal interaction
system is not a trivial task yet, because the literature does not
have sufficient information about how to design this kind of
system and there is a lack of technologies to support them.

e-Learning environments like Moodle [4], SAKAI [5],
TelEduc [6], Ae [7] are applications that use the Web infra-
structure to support teaching and learning activities. The e-
Learning environments are designed to support a variety of
users and learning contexts, but they are designed to support
a limited interaction styles, usually keyboard and mouse as
input and a medium screen as output.
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To attend this demand, the e-Learning environment needs
to have good usability, accessibility, mobility and
learnability. Considering all these dimensions is not a trivial
task. Does the multimodality can improve these requirements
on e-Learning environments?

Section IT presents a literature review about e-Learning
environments, multimodality and multimodal interfaces.
Section III presents the research problem that we want to
deal, and Section IV our hypothesis and methods. Section V
some preliminary results and expected contributions.

II. LITERATURE REVIEW

The actual versions of e-Learning environments take
advantages of the Web to offer content with text, images.
audios and videos in a hypertext document. Tools like chat,
forums, portfolios, repositories are widely used, and tools
those explore the audio and video resource to user
communication, such as instant messenger and video-
conferences, are becoming common among the
environments.

Due the diversity of users whom may use the e-Learning
environments, these systems need to have good usability so
that the user interface does not prejudice the teaching and
learning activities. Accessibility is another important
requirement to allow disabled people to use the environment.
So usability and accessibility are two desired requirements to
the e-Learning environments.

Devices, such as smartphones and tablets, are becoming
increasingly popular; most of them have touch screen
displays, access to the Internet and enough computing power
to process Web pages. So, Web sites and Web applications,
initially developed to be used with keyboard, mouse and a
medium size display, are been accessed by small touchscreen
devices. This is another aspect of accessibility, so the
environments” development teams are building solutions to
provide access on mobile devices. Three kind of solution are
emerging: specific device application; web site specific for
mobile devices; and improve the web site for mobile and
desktop access [8].

Two motivations allow the participants interacting
anytime and anywhere with the content and each other; but,
due to the device restrictions, there are needs to obtain better
design solutions. The actual user interface design techniques
take account just a limit set of input and output hardware,
limited to the context, such as techniques to design user
interface for desktop or for mobile platforms. But, there is a
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lot of input or output hardware in these devices and these
techniques are asked to consider all of them. Some input and
output devices are: touchscreen. microphones, pen sensitive
screen, touchpad, TrackPoint, accelerometers, joysticks,
loudspeakers, small screen, large screen, printers, etc.

Another e-Learning environment characteristic is to be
used in many of learning context, e.g., teacher training,
undergraduate courses, and team training in all areas of
knowledge. We call these as learnability. But, the actual
hardware increases the difficulty to use the environment to
produce content for any area and support student activities.

To attend this demand, the e-Learning environment needs
to be usable and accessible for many users in many social,
physical, technological and learning contexts. So, e-Learning
environment needs to be evaluated in the usability,
accessibility, mobility and learnability dimensions, a not
trivial task.

Since the e-Learning environments were building to
Web, they have a common architecture: the client-server.
Client is responsible to render the user interface through a
browser. It is in the client side that the user interacts with the
system using input and output hardware. The server is
responsible to process client’s requests and data persistence.
The server knows few about the input and output devices in
client side.

Ae is an e-Learning environment developed by a
consortium of Brazilian universities using J2EE technology
and component-based development process. Layered
component-based software architecture was defined for Ae
environment [9] with the following layers:

Presentation layer: provides the application user
interface;

System layer: provides an interface for the application
functionality, that is, it is a facade for the application
business rules:

e-Learning layer: provides the component interfaces
that implement the application’s business rules, which can be
used by various applications and which use services and
functionalities from the infrastructure layer to implement the
business rules;

Infrastructure layer: implements a set of infrastructure
services such as, for example, data persistence;

Common services layer: has the public services that can
be utilized and accessed by all other architecture layers,
except the presentation layer.

Multimodal interaction is a research proposal to turn the
interaction between humans and machines more natural, i.e.,
more close to the interactions between two humans, and have
the benefits to increase the usability, flexibility and
convenience [3].

Modality is the used term to define a mode what the user
data input or a system output is expressed. The
communication mode refers to the communication model
used by two different entities to interact [10]. Nigay and
Coutaz [11] define modality as an interaction method that an
agent can use to reach a goal, and it can be described in
general terms such “speech” or in specific terms such “using
microphones™.
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For monomodal systems, designers are not limited to
choose only one modality. But, in multimodal systems, they
can choose many modalities, that used together, increasing
the system flexibility and gives other benefices. Interfaces
with this characteristic are called as multimodal interfaces
and the system are called multimodal interaction systems.
Mayes [12] defines multimodal interaction systems as a
system with the capacity to communicate with the user by
many different communication modes, using more than one
modality, automatically gives or extracts mean.

According to Oviatt [10] “Multimodal interfaces process
two or more combined user input modes (such as speech,
pen, touch, manual gesture, gaze, and head and body
movements) in a coordinated manner with multimedia
system output”.

Lalanne et al. [3] describe multimodal interaction
systems, or multimodal systems, allow users to interact with
computers though many data input modalities (e.g.. speech,
gesture, eye gaze) and output channels (e.g., text, graphics,
sound, avatars, voice synthesis).

Bangalore and Johnston [13] say the critical advantage of
multimodal interfaces is that they allow user input and
system output to be expressed in the mode or modes to
which they are best suited, given the task at hand, user
preferences, and the physical and social environment of the
interaction. Allowing users interact with many modes, it is
possible to improve the accessibility because a multimodal
interface can be used for a disabled person using the
interaction mode that she can handle.

Multimodal content is common on multimedia systems.
The research problem that we want proposes a solution is to
use multimodality on user interaction and get benefits of
multimodal content too.

Dumas, Lalanne and Oviatt [14] present a generic
architecture for multimodal systems, turning more easy to
understand the mainly components of the multimodal
systems: a fusion engine, a fission module, a dialog manager
and a context manager, which all together form what is
called the “integration committee”. The authors define “input
modalities are received though various recognizers, which
output their results to the fusion engine in charge of giving a
common interpretation of the inputs. A fusion machine gives
an interpretation for the data and it communicates it to the
dialog manager, in charge of identifying the dialog state, the
transition to perform, the action to communicate to an
application, and/or the message to return through the fission
machine. The fission machine returns a message to the user
through the most adequate modality or combination of
modalities, depending on the user profile and context of use.
For this reason, the context manager, in charge of tracking
the location, context and user profile, closely communicates
any changes in the environment to the three other
components, so that they can adapt their interpretations”.
Multimodal systems need to take account of all input done
by the user to identify and process the solicited action.

Developing multimodal interaction systems is a complex
task [14]; but, to turn more easy the development there are
some frameworks, such as the ICARE framework [15],
FAME [16] and special approaches [17][18].
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Bouchet, Nigay and Ganille [15] define formally the
CARE properties to characterize and assess aspects of
multimodal interaction: the Complementarity, Assignment,
Redundancy, and Equivalence that may occur between the
interaction techniques available in a multimodal user
interface. To aim build multimodal system, the authors
propose the ICARE framework.

Larson [19] shows three general questions to response
with a web application will be improved with a new mode of
input: the new mode needs to add value to the web
application, the application leverages the strengths of the
new mode and avoids its weaknesses, and the users need to
have the required hardware and software.

To implement multimodal system for web it is necessary
consider both architecture: for multimodal systems and for
web systems. Gruenstein, McGraw and Badr [20] present a
framework to develop multimodal interfaces for web, the
WAMI Toolkit. The framework defines tree client-side
components (Core GUI, GUI Controller and Audio
Controller) and more four server-side components (Web
Server, Speech Recognizer, Speech Synthesizer, and
Logger). The user interact with the Core GUI, described at
HTML and JavaScript, and the Audio Controller, a Java
Applet to receive the audio input. The collected data is sent
to server to be treated by the Speech Recognizer and the
Web Server components.

Zaguia et al. [21] present an approach to develop
multimodal systems using fusion machines dispose on web
services in such a way the user can choose the modalities
that she sees fit to her situation instead of already pre-defined
modalities from the beginning.

But we need to not only build a multimodal system; we
are worry about the environment usability so that the
interface does not prejudice the teaching and learning
activities. Nielsen [22] defines usability as a combination of
five elements: easy to learning, efficient, easy to remember,
low probability of users do mistakes and user satisfaction.

III. THE RESEARCH PROBLEM

Since the number of devices accessing the Web grows,
the e-Learning environments are exposed to a variety of
interaction styles, including ones that are not considered in
the design time. Just supporting these interaction styles
causes cross modality interaction problems [8], limitation in
the multimodality use, and do not take advantages from the
interaction style in use. So it is necessary to develop a
solution without these limitations.

Thinking about the learning domain, we ask “how do the
users interact with a multimodal e-Learning environment? Is
this a solution to allow an application be accessed by
different devices with a diversity of users, physical and
social contexts avoiding cross modality problems and get the
better use of the interaction styles?”

Since there are no one multimodal interaction e-Learning
environment to aim us to response these questions, we need
built one. So we want to know how to develop a multimodal
interaction e-Learning environment? Which are the cross
modality problems related with this context? How can we
identify?
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It is the main problem, but several others derive: Is it
possible to improve an application to be used by many
interaction styles and get advantages? Which kind of
modifications is necessary to get the best use of an
interaction style? How to guaranties that the usability will
not be affected? After the modifications, the application has
a better accessibility? Allowing many interaction styles, do
we have a new kind of application? How to distinguish the
applications that have these characteristics from the other
that does not have?

Due the multimodality allows users interact with many
modes, maybe the user will use this mode not only to interact
with the application, but to create content. How this impact
in the environment architecture?

The special interest in the learning domain is the
necessity to improve the e-Learning environment to better
attend the teaching and learning activities in the variety of
learning context, reaching out the maximum of learnability.

IV. THERESEARCH HYPOTHESIS AND METHODS

We argue that it is possible improve the usability,
accessibility and learnability of an e-Learning environment
adding multimodality concepts in the environment’s user
interface.

We planned to use empirical method to validate our
hypothesis, building a multimodal interaction e-Learning
environment prototype and doing user study, collecting
interaction data and user opinions by observation and
questionnaires. Not one interaction style will be studied per
time; we want study various interaction styles being used to
complete some tasks in the environment. The collected data
will be used to verify the e-Learning environment in three
dimensions: usability. accessibility and learnability.

Due to the quantity of interaction styles and the
complexity to build a multimodal system, we need to define
an incremental process to build the prototype, taking one or a
limited number of interaction styles per time. But, it is
important to reduce the development efforts for the next
iteration, when another interaction style will be selected.
Here, we will apply some software engineering techniques,
like software components. We proposed these steps for this
process:

1. Select an interaction style:

2. Do user studies to collect interaction problems using
the selected interaction style and how the manner to realize
the tasks change;

3. Redesign the software user interface to defining better
solutions for identified problems;

4. Analyze the software to identify the components
responsible to user interface and components that manipulate
user data;

5. Find or implement recognizers and synthesizers for the
selected interaction style:

6. Change the software architecture to have the main
components of a generic multimodal system;

7. Do tests to collect errors and fix them.

We believe if we can do these steps two or three times;
so, there is possible to repeat it until all interaction styles is
considered.
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To prove our solution, we propose to implement the
Multimodal Interaction concepts in the Ae e-Learning
environment [7], and use this new kind of environment to
research advantages and disadvantages of multimodal
interfaces in learning. We planned study the interaction using
pen, touch and gesture in two tools of the Ae e-Learning
environment: the Weblog and the Whiteboard. Both tools are
used to construct the content and are selected based on our
premises that they are good choices to study the
multimodality.

V. PRELIMINARY RESULTS AND EXPECTED
CONTRIBUTIONS

One of the preliminary results were some problems in the
TelEduc environment that happened when users interact with
touchscreen devices [8], i.e., some problems happened due
the platform changing (when user access the environment
using a smartphone) and some problems happened due the
modality changing. The problems identified in TelEduc due
the modality changing will happen on Ae environment.

Other contribution is related with how the multimodal
concept changes the architecture of an application and how
to find solutions. The Ae architecture needs to be changed to
adopt the multimodal concepts. Considering the Web-
Accessible Multimodal Interfaces architecture [20] and the
architecture of multimodal systems [14], we redesign the Ae
architecture (Fig. 1). Due to the fact that the browser has the
responsibility to show the GUI components in the client side,
some components are added to treat the data input from the
input devices. The user interaction data is sent to the server,
who have the responsibility to process this data and gives an
interpretation for the received data. After the input data

interpretation process, the correspondent action is sent to the
system component. So, the fusion and fission machines will
be on the server. The fusion machine will be called when the
server receive the data from the client-side components, and
the fission machine will be called when the system response
the request, after the data processing. Since, we are using a
component-based architecture, the presentation layer and the
multimodal components can rtun in a proper Sserver,
increasing the scalability and performance.

The main expected contribution is to know more about
the relationship between usability, accessibility and
multimodality. For the educational context, we want to know
if the support more interaction styles there is an impact in the
learning contexts, so define the learnability.

The prototype is another contribution, because there is no
one multimodal interaction e-Leaming environment, we will
call it |Ael.
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ABSTRACT

Multimodal interaction is a proposal to tum the interaction between humans and machines more natural, increasing the
usability, flexibility and convenience of the application. Improve an application with multimodal features impacts on its
architecture and. to describe the main components to treat the multimodality, some architecture models are proposed in
the literature, including for Web multimodal systems. e-Learning environments are Web-based systems and need a good
usability. flexibility and convenience, requirements that can be improved with implementation of multimodal features on
them. Since they have their own peculiarities, we need a more specific multimodal architecture model described in such a
way to reuse the components built for multimodal systems and connect them with the e-leaming environment
components. This work proposes an architecture for e-learning environments and show their impact on the Ae e-learning
system, an e-learning environment developed using a component-based development process.

KEYWORDS

Interaction Styles: Multimodal Interaction: Learning Systems Platforms and Architectures.

1. INTRODUCTION

Devices. such as smartphones and tablets. are becoming increasingly popular; most of them have touch
screen displays. access to the Internet and enough computing power to process Web pages. The number of
input hardware on deskiop compulers is increasing, with computers equipped with touchscreen devices,
microphones and cameras. But Web sites and Web applications are still designed to be used with keyboard.
mouse and a high resolution medium sized monitor. One kind of Web application is e-learning environments,
systems used to support teaching and learning activities that must have good usability and accessibility to
support diversity of users and contexts. But the actual version of e-learning environments does not receive
input data from many modes to control the application: they only consider trigger actions by keyboard and
mouse.

Multimodal systems are present in the Human-Computer Interaction (HCI) literature, and to turn easier to
understand and build multimodal systems some works present general architecture model for these systems.
Multimodality can aim increase the usability, accessibility, convenience and flexibility of an application
(Dumas. B. et al.. 2009). four desirable requirements for e-learning environments. But to build a multimodal
e-learning environment it is not a ftrivial task, it is necessarv to deeply understand the e-learning
environments. their use and their technology. and define an architecture that considers components of
multimodal interaction, of native e-learning environments on the Web platform restrictions. To define these
components and their communications we propose an architecture for multimodal e-learning systems.

Section 2 presents a literature review about multimodal systems and architecture for this kind of systems.
Section 3 presents our proposal to an architecture model for multimodal e-learning systems and some use
cases. Section 4 presents conclusion and future work.
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2. LITERATURE REVIEW

The actual versions of e-learning environments. such as Moodle (2013), TelEduc (2013) and SAKAI (2013).
take advantages of the Web o offer content with text, images, audios and videos in a hypertext document.
Chat, forums. portfolios. repositories are tools found on e-learning environments. and tools those explore the
audio and video resource o user communication, such as instant messenger and video-conferences. are
becoming common among the environments.

The e-learning environments are built to Web so they have a common architecture model: the client-
server. Client is responsible to render the user interface through a browser. It is in the client side that the user
interacts with the application using input and output hardware. The server is responsible to process client’s
requests and data persistence. In this architecture, an action done by the user in the client side (browser) will
trigger a request in the server side, so it is deterministic since the programmer defines, for each page, the
mapping between the user action and the server response. In the client side, the user will interact with the
browser, an application to render Web pages and send requests for the server. To implement a web page it is
important consider the browsers limitations and their configuration,

The server knows few about the input and output devices in client side. All the communication done
between server and client is using HTTP protocol and HTML to specify the user interface. Besides the client-
server architecture model, a Web application can adopt another architecture model to define and structure the
client or server components. For example, the Ae environment (2013), an e-learning environment developed
bv a consortium of Brazilian universities using J2EE technology. has a layered component-based software
architecture model (Beder et al.. 2007) with the following layers:

* Presentation layer: provides the application user interface:

o System layer: provides an interface for the application functionality. that is. it is a facade for the

application business rules;

¢ ¢-Learning layer: provides the component interfaces that implement the application’s business rules,

which can be used by various applications and which use services and functionalities from the
infrastructure layer to implement the business rules:

o Infrastructure layer: implements a set of infrastructure services such as, for example, data persistence;

e Common services layer: has the public services that can be utilized and accessed by all other

architecture layers, except the presentation layer.

Each developed tool following the Ae architecture model has one or more components for each layer.
Usually, the presentation layer is treated like a component for each tool, and there is one component for the
system layer, but it is not a rule in the Ae architecture.

The actual version of Ae environment is based on SAKAI nucleus (2013), so the course and user
management. user authentication and session management arc from the SAKAI environment. they have
functionalities to manage data about courses, users. and where an online user is browsing. To define what a
user can do in a page (e.g. a student called Marie posting a blog message in a course about HCI), it is
necessary analyze data about who is the user (Marie), which role she have (a student), which course she is
browsing (a course about HCI) and which tools she has access in these context (blog tool). Fig. | presents
the Ac architecture model highlighting these components in the system layer.

The Ae e-learning environment have flexibility to allow the administrator install only a set of tools, so
tools that do not follow the institution rules or overload the server can be removed. Flexibility allows
developers and community produce tools similar as plugins; they can be installed in any server and be
separately distributed. The flexibility to choose tools is given for teacher too, who can choose which installed
tools are available in the course. This flexibility is not trivial to treat, since the environment development
team needs to specify how the environment will discover new tools and their functionalities.
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Figure 1. The Ae e-Learning environment architecture.

The environments nowadays allow users to publish content in many media; participants (teachers or
students) use video. text with images. hypertext or other multimedia to the content. So the multimodality can
be found on content. But the interaction continue the same. deterministic and each mode per time. focused on
mouse and keyboard to input and output in a high resolution medium size screen and sometimes the use of
alert sounds. But even to produce content, the e-learning environments do not have an easily approach. For
example, to produce a video and publish on these e-learning environments, it is necessary to use an
application installed on the client to record the video and, when finish to record, go to the environment and
upload the file. Other approach is to use videos available on dedicated sites. such YouTube. but it is
necessary to browse in the site to find the media, copy their URL and paste it on the environment's tool. a
difficult task for people whom know few about Internet and technology. Beside these problems, the
environments have a good usability considering the technology restrictions, but it is need to improve their
usability in a new context: many hardware devices to interact.

For example. computers equipped with pen are become common nowadays, e.g.. Tablets PCs. a device
with height as similar to a notebook and had an input device similar a pen. The paper and pen metaphor
implies that tasks performed before in paper, like draw or manuscript writing. can be more natural in the
Tablet PC than in another computing devices. Pen-based Computing or Pen Computing refers to a computer
user-interface using a pen, rather than devices such as a keyboard or a mouse. User interfaces for pen
computing can be implemented in several ways, like using the pen as a pointing input device; in this case the
user can interact with the e-learning systems as similar and deterministic as using a mouse. but with more
limitations: the hand over the screen can decrease the usability. But the user takes better advantages over the
pen based interaction when the application is developed considering direct manipulation, handwriting or
gesture recognition.

When the user moves the pen in the screen, the pen trace should result in electronic ink that must be
treated by the application to be rendered and stored. But desktop applications. that running in the Tablet PCs.
do not treat electronic ink: it is necessary special applications to treat the electronic ink to have benefices of
the pen-based interaction style. The actual environments do not support electronic ink either. so in our
previous work (da Silva and da Rocha, 2013), we proposed a pen-based blog tool for Ae e-learning
cnvironment that allow users to handwrite posts or sketches and do comments using pen (Fig. 2). To
implement the InkBlog, we specified the InkEditor, an electronic ink editor, composed by two components:
InkController and InkRenderer. The pen input data is received by the InkController, who transform each
point of the trace into coordinate points following InkML format (Chee et al., 2011). The user can choose
the trace’s color and the width selecting the options in the right side (Fig. 2).
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Computer Theory course.

When the user points to and presses the pen into a color or width button. the next traces will have the
brush attribute set to look likes the selected options. The InkRenderer, the another InkEditor’'s component,
draws the traces of the handwrite posts in the user screen.

The InkBlog turn easier to produce content using the pen by direct manipulation, but the interaction does
not have all the advantages of pen based computing: the pen is used just as a mouse to trigger actions (e.g..
trigger a button action or to navigate to another page using a link), no gesture support and it is not possible to
usc two or more modalities together: the c-learning environments needs specific modules to treat the
handwriting and gesture recognition, and the results can be used not only for trigger an action, but for support
multimodality too.

Some models of Tablet PCs are equipped with touchscreen too. so user can interact with the keyboard,
mouse, track pad, pen or using her fingers. Since the touch is become common to interact with digital
application, mainly on mobile devices. e-learning environments need to be improved to manipulate data from
this input device. Even using the InkEditor and InkBlog, it is not possible to have input from pen and from
fingers in the same time, the environments cannot process more than one modality per time.

Multimodal interaction is a research proposal to turn the interaction between humans and machines more
natural, i.e., more close to the interactions between two humans, and have the benefits to increase the
usability, flexibility and convenience (Lalanne ef al., 2009). Mayes (1992) defines multimodal interaction
systems as a system with the capacity to communicate with the user by different communication modes.
using more than one modality. automatically gives or extracts mean. According to Oviatt (2003) “Multimodal
interfaces process two or more combined user input modes (such as speech. pen. touch, manual gesture, gaze,
and head and body movements) in a coordinated manner with multimedia svstem output”. Lalanne ef al.
(2009) describe multimodal interaction systems, or multimodal systems, allow users to interact with
computers though many data input modalities (e.g.. speech, gesture, eve gaze) and output channels (e.g.. text,
graphics. sound. avatars, voice synthesis).

Multimodal systems need to process all input done by the user to identify and process the desired action
and generate the output using the appropriate modes. Dumas ef al. (2009) present a generic architecture for
multimodal systems composed by the components: i) input recognizers & processors, ii) output
synthesizers. iii) fusion engine. iv) fission module. v) dialog management and vi) context, user model and
history manager. The last four components (components iii, iv, v, vi) compose the Integration Committee.

The authors define how these components communicate with each other “input modalities are received
though various recognizers, which output their results fo the fusion engine in charge of giving a common
interpretation of the inputs. A fiision machine gives an interpretation for the data and it communicales il to
the dialog manager, in charge of identifving the dialog state, the transition to perform, the action to
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communicate to an application, and/or the message to return through the fission machine. The fission
machine returns a message to the user through the most adequate modality or combination of modalities,
depending on the user profile and context of use. For this reason, the context manager, in charge of tracking
the location, context and user profile, closely communicates any changes in the environment to the three
other components, so that they can adapt their interpretations”™ (Dumas ef al., 2009),

To implement multimodal system for web it is necessary consider both multimodal architecture and Web
architecture. Gruenstein ef al. (2008) present a framework to aim to develop multimodal interfaces for web.
the WAMI Toolkit. The framework defines tree client-side components (Core GUI, GUI Controller and
Audio Controller) and more four server-side components (Web Server, Speech Recognizer, Speech
Svnthesizer, and Logger). The user interacts with the Core GUI described at HTML and JavaScript, and the
Audio Controller. a Java Applet to receive the audio input. The collected data is sent to server to be treated
by the Speech Recognizer and the Web Server components. The components Core GUI, GUI Controller.
Audio Controller and Speech Recognizer can be classified as the input recognizers & processors of the
Dumas ef al.’s architecture. The Speech Synthesizer can be classified as output synthesizers of the Dumas e/
al.’s architecture. The WAMI toolkit is focused on speech plus keyboard and mouse modes, but the
framework can be expanded to include other modes through definition of new components.

The W3C Multimodal Interaction Working Group (MMI-WG) is developing a standard framework for
such applications since 2002 and it purposes a recommendation in 2012 (W3C, 2013) with three components
to compose the Runtime Framework and more one called Modality Components which recognizes the input
data and running a markup language. The Modality Components interact with the Interaction Manager
component through the event-based MMI life-cycle APIL. The Interaction Manager is one of the Runtime
Framework components, who is responsible to sends and receives all messages from Modality Components.
and queries and updates the Data Component as needed. The Data Component contains the public data model
for the multimodal application. The Delivery Context is another Runtime Framework component, it is
responsible to store static and dynamic device properties. environmental conditions, and user preferences:
properties which can be queried and dvnamically updated (as the Dumas ef al.’s context, user model and
history manager component). The Interaction Manager component essentially contains the multimodal
application and it maintains the dialog flow, current state, and public data (as the Dumas et al.’s dialog
management),

An important aspect of the W3C Multimodal Architecture is that each modality component runs its own
markup language document, but McCobb (2013) points out that W3C XML languages directly not support
multimodal authoring and there is a lack for standard to combine the XML that represent various modalities
into a single document when all modalities are rendered on the client.

Due the difficulties to build a multimodal system and the technology to build Web pages, the actual e-
learning systems does not have multimodal interface. One step forward is to have an architecture model. To
propose an architecture for multimodal e-learning we will use as basis the Ae environment due the
characteristic of have well-defined interfaces for each environment’s component, turning easier to build an e-
learning system with multimodal interface. but the functionalities to manage users, courses and roles are in
any e-learning environment.

3. AN ARCHITECTURE FOR MULTIMODAL E-LEARNING
ENVIRONMENT

Considering the W3C Multimodal Architecture (W3C, 2013). Web-Accessible Multimodal Interfaces
architecture (Gruenstein ef al., 2008) and the architecture of multimodal systems (Dumas ef al., 2009), we
redesign the Ae architecture model (Fig. 1) and propose an architecture for multimodal e-learning
environments (Fig. 3).

Due to the fact that the browser has the responsibility to show the GUI components in the client side. the
input recognizers & processors and output synthesizers components needs to be distributed in the client
and the server. Input recognizers components are added to treat the data input from the client side, these
components receive the data input stream and describe it in the proper XML format. In Fig. 3, there are
components to treat data arising from pen and touch. More components need to be added to consider other
interaction modes.
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Figure 3. The proposed architecture for multimodal e-Learning environments.

The user interaction data is sent to the server by modality components, and the server has the
responsibility to process this data and gives an interpretation for it by the integration committee. So, the
fusion and fission machines will be on the server. The fusion machine will be called when the server receive
the data from the client-side components, and the fission machine will be called when the system response
the request, after the data processing. Since we are using a component-based architecture, the presentation
layer and the multimodal components can run in a proper server, increasing the scalability and performance.
After the input data interpretation process. the correspondent action is invoked on the Ae’s system
component.

e-Learning environments are a complex system, composed by a lot of tools and features. The user usually
deals with a set of the functionalities related with the tool she is using. and some features she can use. For
example, the student is reading a material published in a content tool but want to writc a message to the
teacher. The student can invoke the new message screen without to change to Mail tool. But user cannot
delete an item in the tool without specify clearly which item is, she cannot say just “delete it”, unless she is
seeing the item. So the Dialog Management component needs to be integrated with to Tool Management and
Session Management to identify the meaning to given for a user request and system response. The data about
functionalities needs to be updated each time the user browsing to another tool or another course, since some
functionalities change when the user browse to another tool or course. But some functionalities. e.g., change
the course, logoff, needs to be available every time. This is a peculiarity of e-learning systems; in the
literature the multimodal system have the same features during all the user interaction.

Another characteristic with impact on tasks that can be performed by users is related with the available
tools in the server. It is necessary a mechanism to tools inform for the dialog management about the
functionalities the user can trigger. One solution is writing code to describe the tool’s functionalities and
process it on the tool’s deployment. The tool developers need specify and write the code about the tool’s
functionalities in the developing time.

The Context. User Model and History component needs to interact with Tool Management, Session
Management, Course Management and User Management components of the Ae environment that will
provide useful data for update the context model in the integration committee and necessary data about the
tasks users can perform.

A multimodal e-learning environment needs to treat the input data for trigger action. but since there are
components to receive data from a different channel, this data can be used as content too.
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For example, if the user is interacting with a pen, the generated electronic ink can be used to trigger action
such item selection or can be used to produce content such a sketch in a blog tool. The user can trigger a
delete action over a Portfolio item or can record an audio content, like a podcast post.

Different from existing examples of multimodal systems, where the data is recognized to typed text and
stored in the database, the e-learning systems need to store data from the modalities, not only store typed text.
So multimodal e-learning environments join functionalities from multimodal systems and multimedia
systems to the user interaction and produce content. But some tools access data from other tools. e.g.. the
search tool. The search tool needs to read the content stored in other tools and return for the user each
occurrence. Search tool in e-learning environments uses string compare techniques. so search tool needs
access recognizers when searching in non-typed content. Some studies must be done to verify the necessity
of search mechanism must have non-tvped content as input.

3.1 Use Cases

Consider the following case: Marie is an undergraduate student and she had a Tablet PC that she uses to
browsing into Internet and to handwrite class annotations using a proprictary application. In this semester,
Marie is doing the Computer Theory course and the teacher adopted an e-learning environment to support the
teaching and learning activities. In the adopted environment, the teacher usually publishes slides, articles,
suggesied books to read, activities and exercises. In the middle of the course, Marie read the content and
started to do exercises. To resolve the exercises is necessary to write equations, a hard task to be done using
keyboard and mouse, but Marie uses a proprietary tool to resolve exercises using the pen in the Tablet PC.
But she had some doubts in the exercises resolution and due to the environment restrictions, she asks for help
sending a mail message and attached the file in a format that she thinks the teacher had software to open it
(c.g.. .pdf format). She also posted her resolutions on the blog tool as pictures (jpg format) to share her
reasoning with the other students.

John is the Marie’s teacher on the Computer Theory course. He read the Marie's message asking for help,
and to answer her, he printed the attached file writing over the document. He prefers print her resolutions due
fo write new equations and correct some equations written by Marie. After to do the annotations, John scans
the sheets and responses the Marie’s mail attaching the file with scanned sheets. Marie read the John's
message and now knows how to correctly resolve the exercises.

In this context, the use of InkBlog will brings some efficient to the process, reducing time and resource.
Marie could write her solutions direct on the InkBlog message. and the teacher writes him suggestions and
explanations as a comment in the blog message. But it is necessary a more detailed vision to understand the
improvement given by a multimodal interaction. For example, Marie wants a new blog message, so she uses
the browser to access the environment, do the log in, goes to the Computer Theory course page, select the
blog tool and click in the “New post message™ button. If the environment has support to recognize gestures,
she can draw a symbol, ¢.g. “B” letter, over the environment page with the pen to trigger the new blog
message action. But the reaction of the environment will depends the page where the Marie draw: if it is over
a course page. the new post will be publish on this course. but if the user draw over her space page, the
environment needs to ask which course the new post will be published. This example shows the necessity to
consider the context (in this case, the page where the user is) to give the meaning for the user’s request and
the integration between the multimodal components and the environment components on the Fig. 3.

Another example is delete an item published in a tool. The user can draw the letter “D” or draw an X" to
trigger the action (o delete an item, but. to execute the operation, the environment needs to know which item
the action is to be done. The draw can be done over the page that shows one item, or can be done over the
page that shows many items or a page that this gesture does not have a meaning. In the case of a page with
many items, the environment needs to ask for the user to mark the items to be deleted.

When Marie was writing their responses using InkBlog. she used the pen to write her answer and to
change the color or line thickness. If the environment had components to receive and treat touch input, she
can use her fingers to trigger the functions about colors or line thickness. or can use the pen to do a selection
and after move the selected sketches with the fingers. With components to receive audio input. actions for
change the color or thickness line can be triggered by voice and the selection and move can be done using a
pen or a finger.
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4. CONCLUSION AND FUTURE WORK

e-Learning environments are system to support teaching and learning activities through the Web, allowing
course participants communicate with each other, build and publish content and manage the virtual space.
With the increasing of computational power and interaction styles in some devices the environments are
accessed by users using interaction styles that were not considered in the design time. A solution is adopting
a multimodal interface to increase the usability. accessibility and convenience of e-learning environments in
this new context. The first impact is on the e-learning environment architecture, which needs components to
deal with many channels and do the data fusion and fission.

We proposed an architecture for multimodal e-learning environments based on generic architectures for
multimodal systems and specificitics of e-learning. Due the Web platform, it was necessary to have
components in the client to receive the input data and render the result. Another need was integrate
components of multimodal architecture with components of the e-learning environment, e.g.. the context,
user model and history management of the multimodal architecture with the Tool Management. Session
Management, Course Management and User Management components of the e-learning environment.

As future work we want to implement the proposed architecture in an e-learning environment considering
the touch and pen channels and do some measurements.
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Capitulo 8

Desafios da Multimodalidade em Ambientes de
EaD

Este Capitulo, composto por um artigo publicado na International Conference on
Mobile Ubiquitous Computing, Systems, Services and Technologies, se baseia na experiéncia
obtida na realizacdo deste trabalho e discute a existéncia de uma influéncia entre as partes
tecnologicas (hardware e software) e questdes educacionais (atividades de ensino-aprendizagem)
quando se utilizam dispositivos moéveis e ambientes de EaD. A mudanca da modalidade de
interacdo, 0s equipamentos existentes no dispositivo, bem como o navegador e aplicativos
instalados no dispositivo mével, além de influenciarem na interacio entre o usudrio € o ambiente,
também podem influenciar nas atividades de ensino-aprendizagem.

Assim, para especificar atividades de ensino-aprendizagem no contexto de multi-
dispositivos, € necessario compreender quais dispositivos o aluno estard utilizando para interagir.
Por exemplo, celulares inteligentes possibilitam uma rdpida resposta devido a sua portabilidade,
mas pode impactar na elaboracdo de textos, ocasionando textos mais curtos. Por outro lado,
podem potencializar as atividades de ensino-aprendizagem, como por exemplo, possibilitar aos
alunos a criagdo de podcasts por meio da gravagdo de dudio usando celulares inteligentes.

Nesse contexto de diversidade de dispositivos, a tarefa do professor se torna ainda
mais dificil em relacdo a especificacdo das atividades de ensino-aprendizagem. E necessario
pensar nos periféricos que os alunos terdo a sua disposicdo (podendo ser que um grupo de alunos
tenha periféricos diferentes de um outro grupo). Assim, exige-s€ ndao somente a
interoperabilidade de dados para que um determinado dispositivo possa visualizar o conteido
gerado por um outro dispositivo, mas que haja flexibilidade na atividade de ensino-aprendizagem
de modo a possibilitar que os alunos desempenhem as atividades usando os dispositivos de que
dispoem.

Percebendo a influéncia entre os periféricos e as atividades de ensino-aprendizagem,
e a relacdo entre modalidade e curso (contexto educacional) na produ¢do de um conteudo,
conforme os ambientes de EaD se beneficiem de uma modalidade, possibilitard um maior sucesso
em seu emprego no contexto educacional.
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Abstract— e-Learning environments are applications that use
the Web infra-structure to support teaching and learning
activities. Their user interfaces were designed to have good
usability using a desktop computer with keyboard and mouse
as input devices and a high resolution medium-size display and
speak loud as output devices. Devices, such as tablets and
smartphones, have computational power enough to render
Web pages, allowing mobile users navigate through the e-
Learning environments and closing the e-Learning
environments to the m-Learning contexts. But to have an
effective use in the mobile context, the e-Learning
environments need to be analyzed in three dimensions:
hardware, software, and educational. This paper presents a
survey about works in merging e-Learning environments and
m-Learning and discusses about challenges such hardware and
software integration, integration between the browser and the
environment and changes on the teaching and learning
activities.

Keywords-Human-Computer Interaction; Electronic
Learning Environment; Mobile Devices; Interaction Styles.

I. INTRODUCTION

e-Learning environments, such as Moodle [1], SAKAI
[2], TelEduc [3], Ae [4], are applications that use the Web
infra-structure to support teaching and learning activities.
The e-Learning environments are designed to support a
variety of users and learning contexts, but they are designed
to conventional computers, usually equipped with keyboard
and mouse as input and a medium screen and speakers as
output; a limited interaction style for nowadays devices.
These modalities and the technology shape the teaching and
learning activities done in the e-Learning environments; they
focus on reading and writing skills. Despites these
technology impact, the e-Learning environments need to
have good usability, accessibility, performance, security,
availability and other software attributes.

Devices, such as smartphones and tablets, are becoming
increasingly popular; most of them have touch screen
displays, access to the Internet and enough computing power
to process Web pages. So, Web sites and Web applications,
initially developed to be used with keyboard, mouse and a
medium  size display, are being accessed by small
touchscreen devices. This can be considered as another
aspect of accessibility, so the environments” development
teams are building solutions to provide access on mobile
devices, and the use of mobile devices with educational
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purposes is called m-Learning. Two motivations for m-
Learning are to allow participants interact anytime and
anywhere with the content and with each other.

The Internet was built to connect many technologies, so
allowing mobile users to access e-Learning environments
make the boundary between e-Learning and m-Learning not
so clear. This brings some challenges for e-Learning
environments developers and m-Learning practitioners. This
paper presents a survey about the works to merge these
fields. Section II presents a literature review about e-
Leamning, m-Learning and e-Learning environments. Section
IIT presents the three dimensions to analyze the use of e-
Learning environments to support mobile users. Section IV
presents challenges to have an effective use of the e-
Learning environments in the m-Learning context. Section V
presents final considerations.

II. E-LEARNING AND M-LEARNING

e-Learning refers to the use of Information and
Communication Technologies (ICT) in education. So, e-
Learning is any distributed learning experience through the
Internet, Intranet, Extranet, CD or DVD-ROM, because the
e-Learning main concern is related with the teaching form
and not with technology [5]. The e-Leamning term refers
broadly the terms Web-based learning, Internet-based
learning, online learning, distributed learning, and computer-
based learning. e-Learning is suited to distance learning, but
it can also be used in conjunction with face-to-face teaching,
calling blended learning.

Online systems that support e-Learning through the Web
are called e-Learning environments or Virtual Learning
Environments (VLE) or Learning Management Systems
(LMS). Moodle [1], SAKAI [2], TelEduc [3] and Ae [4] are
examples of e-Learning environments.

The first e-Learning environments are designed to
integrate the content with communication tools arranged on
the Internet (such as chat, mail and forum). They evolved
increasing the number of tools for content publishing,
participant’s communication and course administration,
taking advantages of the Web to offer content with text,
images, audios and videos in a hypertext document. Tools
like chat, forums, portfolios, repositories are widely used,
and tools those explore the audio and video resource to user
communication, such as instant messenger and video-
conferences, are becoming common among the
environments.
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The environments” development teams are building
solutions to provide access on mobile devices, and the use of
mobile devices with educational purposes is called m-
Learning.

m-Learning is any kind of learning that happens when the
learner is not at a fixed, predetermined location, or learning
that happens when the learner takes advantage of the
learning opportunities offered by mobile technologies [6]. m-
Learning Technology includes handheld computers, MP3
players, notebooks, mobile phones and tablets; devices that
have owner autonomy and it is easy to portable. Two
motivations for m-Learning is allow the participants
interacting anytime and anywhere with the content and with
each other.

The recent technology forwards brings a broad of new
applications made to support many areas, such Education.
One of the mobile devices that are gained repercussion in
this scenario is the Tablet PC (Tablet Personal Computer), a
device with height as similar to a notebook and had an input
device similar a pen. The paper and pen metaphor implies
that tasks performed before in paper, like draw or manuscript
writing, can be more natural in the Tablet PC than in the
another computing devices. Resuming, the Tablet PC has the
following hardware characteristics: (i) Pen sensitive screen;
(ii) Screen that allows different positions; (iii) Wireless
network access by Wireless Local Area Network (WLAN)
and bluetooth technology: (iv) Microphones and embedded
loudspeakers; (v) Keyboard (some models the keyboard are
detachable): (vi) Batteries. Usually, the screen size ranges
from 9 inches to 12 inches.

Other devices used in m-Learning are smartphones,
which have touchscreen with computation power enough to
render Web pages. Usually, the screen size ranges from 3
inches to 5 inches. Resuming, the smartphones have the
following hardware characteristics: (i) touch sensitive screen;
(ii) Screen that allow two different positions (landscape and
portrait); (iii) Wireless network access by WLAN (Wireless
Local Area Network), by 3G and bluetooth technology: (iv)
Microphones and embedded loudspeakers; (v) Virtual
keyboard (some models have a physical keyboard); (vi)
Batteries.

Gay et al. [7] suggest that the introduction of wireless
computing resources in learning environments can
potentially affect the development, maintenance, and
transformation of learning communities.

It is possible to use e-Learning environments for support
m-Learning and three kind of solution are emerging: i)
specific device application; ii) web site specific for mobile
devices; and iii) improve the web site for mobile and desktop
access [8]. Each solution has its vantages and disadvantages
due the hardware and software restrictions of the mobile
device.

Building specific device application allows designing a
suitable user interface for the device and taking advantages
of smartphone’s features, such as touchscreen and camera,
but needs develop an application for each mobile platform.
So, the applications to be developed needs specific
knowledge programming skills and increases the code lines
number to maintain. Moodle community offers the Moodle
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App [9] and Moodbile [10], two native mobile applications
with versions for the most popular smartphone’s platforms.

Moodle, since version 2.1, offers a Web site specific to
mobile devices, an example for the second type of solutions
for access e-Learning environments in mobile devices.
Building a specific Web site to mobile device allows
designing a suitable user interface for mobile devices taking
account some common characteristics, such small
touchscreen, but depends of the browser to access some
platform features, such GPS, and increases the code lines
number to maintain too.

The latter solution considers that smartphones and tablets
have enough computational power to render Web pages and
to do some adaptation if it is necessary, and offer the same
user interface for any device. But the interaction styles may
vary, so to design this kind of user interface it is necessary to
do some usability studies to found barriers or user interaction
problems for each interaction style. Disadvantages of this
solution are to depend of browsers to use the mobile features
and the difficult of consider many interaction styles in the
same user interface. Da Silva, Freire and da Rocha [8] point
out some problem that happen when a user interface
designed to be used with specific interaction hardware is
used with other interaction hardware.

Another e-Learning environment characteristic is to be
used in many of learning contexts, e.g., teacher training,
undergraduate courses, and team training in all areas of
knowledge. We call this property as learnability. But, the
actual hardware of conventional computers increases the
difficulty to use the environment to produce content for any
area and support student activities, e.g., to post a mathematic
exercise that needs write formulas to resolve, the user need
to use a specific software and post the file since the e-
Learning environments do not support directly this kind of
content.

The e-Learning environments need to be usable and
accessible for many users in many social, physical,
technological and learning contexts. So, e-Learning
environments need to be evaluated in the usability,
accessibility, mobility and learnability dimensions.

IIT. DIMENSIONS FOR ALLOWING E-LEARNING AND M-
LEARNING MERGING

Khan [11] defines eight dimensions for a good e-
Learning  environment:  Resource  Support,  Ethical,
Institutional, Pedagogical, Technological, Interface Design,
Evaluation and Management. Since in our work we want to
use e-Learning environments in m-Learning contexts, the
Technological, Interface Design, and Pedagogical
dimensions need to be discussed due the impact caused by
the device changing. We will join the Technological and
Interface Design dimensions, since there is an intrinsic
relation between them, and our focus is on mobile users. The
Pedagogical dimension is related about the teaching and
learning activities developed by the teachers and done by the
students.

For technological dimension, we propose the e-learning
environments needs to be evaluated about their usability,
accessibility, mobility, and other software requirements, such

101



102

UBICOMM 2013 : The Seventh International Conference on Mobile Ubiguitous Computing, Systems, Services and Technologies

performance, scalability and availability. Due the diversity of
users whom may use the e-Learning environments, these
systems need to have good usability so that the user interface
does not prejudice the teaching and learning activities, so the
user interface cannot be a barrier between the student and the
content or the users and their goals or injure the course
activities.

Nielsen [12] defines usability as a combination of five
elements: easy to learning, efficient, easy to remember, low
probability of users do mistakes and user satisfaction.
Nielsen proposes a method for evaluating the user interface
usability, and other methods can be found on the Human-
Computer Interaction literature [13] [14].

Accessibility, another important requirement, is about to
allow disabled people use the environment, and can be
understood as to be accessed by anyone, whatever their
hardware or software. So to have a high level of
accessibility, a Web page needs to be accessed by computers
or any other computational device, such the smartphones and
Tablet PCs, which can have assistive technology installed.
Some methods can be found to evaluate the application
accessibility, mainly for Web pages and applications, e.g.,
evaluating the interface conformance with the W3C
guidelines [15].

In the educational dimension, the teacher needs to
dispose content, to plain activities, to ask questions of the
students about the activities and the content, to evaluate
activities and other tasks. Pedagogically, the teacher needs to
select the tools to be used to dispose the content and to run
the activities. Usually, due the e-Learning environment tools
and the hardware used to interact, a desktop computer, the
activities are discussions by Forums, writing individual or
collaborative texts. The texts may have pictures, but it is
similar as works done in presence education, where the work
can be delivered in a printed format. This kind of work does
not take advantages of multimedia and the hardware
available in the mobile devices. We discuss these problems
in the next sections as challenges for e-Learning
environments in the mobile contexts.

IV. CHALLENGES FOR E-LEARNING ENVIRONMENTS IN
THE M-LEARNING

About the technology issues, it is need to analyze the
hardware and the software and, since there are a variety of
computing devices, aspects of human-machine interaction
(such as ergonomics) and the device characteristics need to
be considered. The most visible problem in browsing e-
Learning environments using mobile device is the user
interface adaptation. One of the adaptation issues is the
content readability. For tablets it is not a big problem, since
it is possible render the web page without injure de
readability; the size of the tablet’s screen is not so small
compared to the desktop display. But, in the case of
smartphones, the screen size is not large enough to ensure
readability, so it is necessary to have a page adaptation or
techniques to visualize the entire page and use zooming to
see the page details.

The user interface adaption is not a trivial task, a
challenge not only for e-Learning environments, but for the
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Human-Computer Interaction, is to build system with
adaptive user interface. Bickmore and Schilit [16] present a
heuristic-based approach for Web page adaptations to be
rendered in mobile devices with small screens, but their work
does not consider audio and video adaptation. Zhang [17]
purposes a framework to do content adaptation for systems
accessed by a sort of devices (multidevices), increasing
accessibility and doing a distribution optimization over the
network. Oliveira and da Rocha [18] purpose priorities for
consistence in the adaptation to maintain the same
conceptual model for mutidevices, whom done a study case
over an e-learning environment. Pyla er al. [19] discuss
about the task migration between devices: the user starts the
task in one device, go to another one to perform some sub-
task, and change the device until the task be done.

But, Web applications should consider the Web
architecture model, i.e., the client-server, to have a better
adaptation. Client is responsible to render the user interface
through a browser. It is in the client side that the user
interacts with the system using input and output hardware.
The server is responsible to process client’s requests and data
persistence, but it knows few about the input and output
devices in client side. Since the server is responsible to
produce the user interface code to be displayed on the client,
the server needs to know about the user device, the user
location and user preferences to do a better adaptation. The
generated interface needs to have good usability.

For example, smartphones are good to read and write
small texts, such as post-it notes. The tablet with touchscreen
allows users have mobility and a good readability, but it is
not so efficient to write texts. The tablets equipped with pen
sensitive screen should be used to write formulas or do
sketches, instead of only as a pointing device. Da Silva and
da Rocha [20] propose the InkBlog tool, a blog tool that
receives input data from stylus in a pen sensitive tablet so
that the user can handwriting her posts (Fig. la).

The InkBlog is a tool for the Ae e-Learning environment,
and take advantages of the Pen-based computing to allow
users interact with the e-Learning environment with a pen.
The authors comment that using the InkBlog is possible a
better support to disciplines such Graph Theory and
Computer Theory. Without the InkBlog, the user needs to
use paper and pencil to resolve an exercise and use specific
hardware, such scanner, to digitalize the solution. Or the user
needs to use a special application to draw a graph. In both
solutions, the user posts the picture as an attached file in
weblog post. Using the InkBlog the user can sketch the graph
direct on the weblog tool through direct manipulation (Fig.
Ib). InkBlog was tested in iPhone (Fig. 2) and Android
devices using the stock browser in each device. Both devices
display correct the posts, but due the platform does not
distinguish between touch and stylus press, it is not possible
to handwrite a post in these smartphones; both devices
recognize the input as page scrolling. This is another
challenge, the web pages depends on the browser. because
the browser is responsible to the capture of the user input and
the page rendering. So, the hardware and the browser needs
be more integrated to enhance the Web application.
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(a)

(b)

Figure 1. Using InkBlog to (a) handwriting a post and (b) to share a solution for an exercise about Graph Theory. Both pages rendered by Chrome
Browser.

TIDIA-Ae - e-Labora : InkBlog Example : InkBlog

[mlas.BOBOﬁporIal-‘sdc ¢ I I

Figure 2. InkBlog rendered by stock browser on iPhone.

In the case of use e-Learning environments on mobile
devices, is important to study the interaction problems that
happen, since the actual environments was designed to be
used in a desktop computer, and mobile phones have other
interaction devices. da Silva, Freire, Arruda and da Rocha
[21] present some problems when the users uses an mobile
phone to interact with the Teleduc environment using an
Android-based mobile device and a iPhone. Da Silva, Freire
and da Rocha [8] present some problems when user uses an
android-based smartphone and a Tablet PCs. They present a
taxonomy about the interaction problems: cross-platform
problem, cross-modality problem and platform and modality-
independent problem. These problems are barriers or
difficulties to the user navigate thought the environment. So
one challenge is identify these problems and correct.

The environments need to have good usability and
accessibility, but the content created inside the environments
needs to. Since the environments are used by a diversity of
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people, most of them do not have knowledge about Web
accessibility, they can create content with low accessibility
in mobile devices. Fig. 3 shows an agenda on a course in
TelEduc created by the teacher to describe about the topics
and activities to be done in a week. Some problems when the
agenda is rendered in iPhone (b) can be viewed with
compared with the desktop computer (a). So, another
challenge is to develop authoring tools that easily create
accessible contents and to develop features to allow the
mobile users to visualize the published content [22].

Allowing access by mobile devices is not the only
challenge to facing it. The mobile devices have specific
hardware that can be used to produce content and to use to
interact with the environment. The camera can be used to
take photos or do videos and the microphone can be used to
create audio files to be published by the teacher or by the
students as content in the e-Learning environment. To allow
this it is necessary to have a better integration between the
mobile hardware, the browser and the environment to easily
allow users create content using camera, microphone or any
other input device. These devices can too be used as
communication if integrated with communication software.
The actual versions of e-Learning environments only dispose
an action button that trigger a dialog box where the user can
choose the photo or video he want upload. Depending on the
solution adopted to integrate the environment in the mobile
device, it is possible to turn the publishing task easier. In the
case of a specific device application it is possible to
customize the mobile Operation System and include sharing
option in the photo and video gallery, similar as Facebook
app does (Fig. 4). So, the mobile user has options to publish
the media in her virtual space on the e-learning environment,
like a Portfolio item on TelEduc environment, or a resource
item on SAKAI and Ae.

The TelEduc e-Learning environment has a notification
tool that send e-mails for the course participants describing
what happen since the last logging. This feature could be
integrated with the mobile device advisor management
system. So one more challenge is identify e-Learning
features that can be integrated with mobile devices features.

The e-Learning environment has data about the course
participants, whom can be added on the mobile device
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Figure 3. A content created by a user in TelEduc with accessibility problems displayed on desktop computers (a) and on a mobile device (b).

Contacts tool to turn easily sent messages between the
participants. Another one feature is synchronizes the
activities deadline or important dates to the mobile device’s
Calendar tool.

Allowing student to create multimedia content in
activities, the teacher needs to select the best media or a set
of them to planning the activities. The student’s works not
need be more only texts, allowing them to produce videos,
audios, photos or a multimedia work. If the teachers allow
user to use the mobile phone, it is important elaborate
activities that explore the mobile hardware, such take photos.
make videos or record an audio. The student can write some
text too, but it is important notice (and this is must be clear
on the activity) that usually it is not expected a small texts
for student’s activities; since writing on smartphones can be
a difficult task, the teacher must specify how long the text
must be. This perception impacts on the pedagogical use of
the e-learning environment.

The actual user interface design techniques take account
just a limit set of input and output hardware, limited to the
context, such as techniques to design user interface for
desktop or for mobile platforms. But, there is a lot of input or
output hardware in these devices and these techniques are
asked to consider all of them. Some input and output devices
are: touchscreen, microphones, pen sensitive screen,
touchpad, TrackPoint, accelerometers, joysticks,
loudspeakers, small screen, large screen, printers, etc. One
solution to deal with this variety of devices is use multimodal
techniques on the e-Learning environment’s user interface.
Multimodal interaction is a research proposal to turn the
interaction between humans and machines more natural, i.e.,
more close to the interactions between two humans, and have
the benefits to increase the usability, flexibility and
convenience [23]. According to Oviatt [24] “multimodal
interfaces process two or more combined user input modes
(such as speech, pen, touch, manual gesture, gaze, and head
and body movements) in a coordinated manner with
multimedia system output”. But, developing multimodal
interaction systems is a complex task [25]; da Silva and da
Rocha propose the I|Ael environment, an e-Learning
environment with multimodal user interface, discuss how
multimodal architecture changes the e-Learning environment
architecture. Despite these works, the challenge is to have an
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Figure 4. The integration between iPhone s Photo Gallery and
Facebook App.

e-Learning environment to deal with the variety of input and
output modes in the device, using it in a proper way.

V.  FINAL CONSIDERATIONS

e-Learning is the use of the Web structure to support
teaching and learning activities. There is some Web-based
software, the e-Learning environments, which support these
activities in courses. Due the technology development, it is
possible to use mobile devices to teaching and learning
activities, calling m-Learning. The mobile devices can access
e-Learning platform, but to an effective course accessed by
mobile devices it is necessary that the e-Learning does not
have barriers or difficulties for the mobile devices, and the
content and activities must be shaped to consider the mobile
devices and their hardware, such camera and microphone.

We believe that e-Learning and m-Learning will merge
in the case of have an environment to support the teaching
and learning activities and brings benefices on learning. But
to plain an effective course, it is important to consider the
hardware and software that the students will used. So, the
technology needs to be considered in the instructional design
process, together with the educational issues. Future works
are detail each part of these dimensions.
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Capitulo 9

Conclusao

A THC ¢ “a disciplina preocupada com o design, avaliagdo e implementacdao de
sistemas computacionais interativos para uso humano e com o estudo dos principais fendmenos
ao redor deles” (ACM SIGCHLI, 1992, p. 6; Rocha e Baranauskas, 2003). Segundo a IHC, projetar
uma interface, ou seja, fazer um design de interface, é uma atividade que envolve: (i) conhecer a
tecnologia e suas restri¢des; (ii) conhecer os usudrios, seus conhecimentos, suas preferéncias e
limitagOes; (ii1) a drea da aplicacdo e as tarefas que serdo realizadas por meio do dispositivo
computacional; (iv) o contexto de uso, além de ferramentas adequadas para apoiar o processo de
desenvolvimento da interface de usudrio.

Assim € necessdrio compreender algo que também evolui: o hardware, as dreas de
aplicacdo e, principalmente, os anseios das pessoas em relacdo ao que podem realizar com um
dispositivo computacional. Se antes projetava-se interfaces para um ndmero conhecido de
usudrios, hoje projeta-se para milhdes de pessoas. Se antes projetava-se interfaces para apoiarem
o trabalho, hoje a computagdo € aplicada em varios nichos diferentes: educacao, saide, governo,
entretenimento (Shneiderman, 2006). Atualmente, um grande desafio € possibilitar que vérios
dispositivos acessem a mesma aplicacdo. Logo € necessdrio ir além de possibilitar o acesso a
ferramentas de TIC usando um dispositivo qualquer. E necessdrio considerar que o ndmero de
dispositivos estd aumentando ao longo dos anos e possibilitando que usudrios interajam com as
aplicacoes de forma diferente da habitual. Conforme descrito no Capitulo 1, Preece et al. (1994)
ja apontavam esses problemas: como dar conta da rdpida evolucdo tecnolégica? Como garantir
que os design oferecam uma boa IHC ao mesmo tempo que exploram o potencial e as
funcionalidade da nova tecnologia?

E nesse contexto, cujo objetivo é adaptacio a evolucio tecnoldgica, que este trabalho
se insere. A variedade de dispositivos computacionais, composta por uma relacdo de periféricos
que vao além do mouse, teclado fisico e monitor de tamanho médio, e incluem tela sensivel a um
ou vdrios toques, tela sensivel a caneta, microfone, camera e sensores de movimento,
aumentaram significativamente os modos como os usudrios podem interagir com as aplicacdes,
trazendo desafios para a Computagao, inclusive para a drea de IHC. Esses periféricos possibilitam
ao usudrio interagir com diferentes modalidades: voz, gestos, escrita manuscrita, toque, entre
outras. Cada modalidade oferece uma experiéncia diferente ao usudrio e, quando comparadas,
apresentam diferentes pontos fortes e pontos fracos, e também, diferentes relagdes com os
sistemas perceptual, cognitivo e emocional do ser humano (Bernsen, 2008).

O numero de dispositivos que podem ser criados pode ser muito grande, tornando-se
quase impossivel desenvolver uma aplicacio que funcione todos os dispositivos. Como
alternativa, propomos o suporte a diversas modalidades como solucdo ao design de interface para
uma  aplicagio que serd utilizada em uma  variedade de  dispositivos.
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Aplicacdes que possibilitem ao usudrio interagir por diversas modalidades, ou seja,
multimodalidade, ¢ o campo de pesquisa da Interacio Multimodal. O trabalho seminal neste
campo ¢ atribuido a Bolt (1980), que desenvolveu uma aplicagdo para mover objetos em uma tela
cujos dados de entrada eram oriundos das modalidades de voz e gesto. Diversos avangos nessa
area de pesquisa foram conquistados desde o trabalho de Bolt, podendo citar: estudo da
combinacdo de duas modalidades; construcdo de protétipos de sistemas multimodais; definicao
de arquitetura para ambientes multimodais; processos de engenharia e frameworks para
constru¢do de sistemas multimodais; levantamento de impactos da interagcdo multimodal;
varidveis que interferem na interagdo multimodal, como tempo e local, conforme descrito no
Capitulo 2.

As interfaces multimodais diferem das interfaces monomodais por terem um grau de
incerteza da acdo que o usudrio deseja e sdo, portanto, denominadas probabilisticas (Dumas,
Lalanne e Oviatt, 2009). O grau de incerteza pode ocorrer, por exemplo, na atribuicdo de
significado dos dados oriundos de uma modalidade no processo de reconhecimento, pela falta de
informacdo de uma modalidade, ou at¢é mesmo pela contradi¢cdo dos dados de modalidades
diferentes. Embora haja problemas de interacdo ocasionados pelo grau de incerteza,
pesquisadores apontam como beneficio da multimodalidade a facilidade de uso, aumento na
eficiéncia, na flexibilidade e na conveniéncia e preferéncia dos usudrios em utilizar aplicacdes
multimodais ao invés de aplicacdes monomodais. Esses beneficios sdo os componentes da
usabilidade, conforme definido por Nielsen (1993). O emprego da multimodalidade também
impacta no aumento da acessibilidade, pois o usudrio pode utilizar a modalidade de interacdo
mais apropriada considerando as suas necessidades especificas.

Frente ao desafio de desenvolver aplicagdes para diversos dispositivos aumentando a
usabilidade e a acessibilidade da aplicacdo e frente aos promissores resultados das pesquisas de
Interacdo Multimodal, este trabalho propds-se a estudar a aplicagdo da multimodalidade em
ambientes de EaD. Para realizar esta investigacdo, a abordagem de investigacdo usada envolvia
incrementar um determinado ambiente de EaD desenvolvido para computadores convencionais
(portanto, modalidade de entrada composta por teclado e mouse, sendo a modalidade de saida
uma tela de tamanho médio e alta resolu¢do) com modalidades nio consideradas em seu projeto
(a modalidade de entrada de dados a caneta e a toque), adotando-se os seguintes passos:

1. Investigacdo individual das modalidades de caneta e de toque:

la. Estudo da modalidade de entrada por caneta, considerando também a interacdo
por gestos gerados pelo movimento da caneta;

1b. Estudo da modalidade de entrada por toque, considerando também a interagdo por
gestos gerados pelo movimento do dedo;

2. Desenvolvimento de solugdes para os problemas encontrados no passo 1:
2a. Correcdo dos problemas de interagdo identificados;

2b. Desenvolvimento de um editor para a entrada de textos manuscritos e sua
integracdo ao ambiente;
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2c. Desenvolvimento de um componente de interface para a entrada de gestos por
caneta ou por toque e sua integracao ao ambiente;

3. A proposta de uma arquitetura para ambientes de EaD com interagdo multimodal,
considerando os componentes desenvolvidos.

Para a investigacdo dos problemas de interacdo utilizou-se o ambiente TelEduc,
enquanto que para a elaboragdo da arquitetura optou-se pelo ambiente Ae, por este possuir uma
arquitetura documentada.

A Secdo a seguir apresenta uma sintese das contribui¢des, que estdo diretamente
relacionadas com a abordagem empregada. As licdes aprendidas sdo descritas na Sec¢do 9.2, e os
trabalhos futuros na Secdo 9.3. A Secdo 9.4 apresenta as consideragdes finais.

9.1 Sintese das Contribuicoes

Adotar védrias modalidades em um ambiente de EaD impacta na sua arquitetura de
software. Logo, considera-se como a principal contribuicdo deste trabalho a apresentacdo de uma
arquitetura de ambientes de EaD com interface multimodal. A partir de estudos sobre arquiteturas
multimodais e arquiteturas de ambientes de EaD, identificou-se relacdes entre os componentes do
ambiente de EaD e dos componentes que tratam da multimodalidade. Os componentes que tratam
da multimodalidade necessitam de dados que lhes informem das funcionalidades existentes no
sistema e permissdes de quem pode executd-las, dos usudrios, seus histéricos e preferéncias.
Dados que podem ser encontrados em componentes dos ambientes de EaD, como gerenciadores
de cursos, de usudrios e de ferramentas. Portanto, esses componentes precisam ter um
interfaceamento que possibilite que eles troquem dados.

Outra contribuicdo deste trabalho foi a categoriza¢do dos problemas de interacao que
ocorrem quando uma determinada interface é acessada por um dispositivo ndo considerado
durante o seu projeto. Percebeu-se que quando se altera o dispositivo, pode ocorrer uma mudanga
de plataforma (por exemplo, sistema operacional ou navegador) e/ou uma mudanga de
modalidade (por exemplo, do teclado mais mouse para o toque). Trés categorias foram
levantadas:

(i) Problemas de interacdo sem relacio com a mudanga de modalidade ou
plataforma;

(i) Problemas de interacao relacionados com a mudanga de plataforma;

(ii1) Problemas de interacao relacionados com a mudanga de modalidade.

Acessar uma aplicacdo por modalidades que niao foram consideradas durante o
projeto da interface ocasionard, na maioria das vezes, em problemas de interagdo. Esses
problemas sdo indesejados pois diminuem a usabilidade e da aplicacdo e portanto devem ser
identificados e solucionados. Neste trabalho adotou-se dois métodos de avaliacdo de usabilidade
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para identificacdo dos problemas: inspec¢ao da interface por especialista e testes com usudrio. Os
métodos mostraram-se eficazes na identificacdo de problemas.

Uma contribuicdo que consideramos pioneira no contexto da plataforma Web,
ambientes de EaD e interacdo baseada em caneta ¢ o InkBlog, uma ferramenta de blog que
possibilita os usudrios postarem mensagens manuscritas ou desenhos elaborados por meio de uma
caneta. Até o momento, as ferramentas que exploram o conceito de Pen-Based Computing eram
especificamente destinadas ao dispositivo baseado em caneta e fora da plataforma Web. A
ferramenta foi estendida para também receber dados da modalidade toque. Os componentes
InkEditor e InkRenderer, utilizados para tratar os dados das diferentes modalidades e exibir a
tinta eletronica, podem ser utilizados na geracao de novas ferramentas.

Uma dltima contribuicdo foi uma discussdo dos limites da tecnologia atual frente a
multimodalidade e apresentacdo de desafios para a drea. A implementacdo atual dos sistemas
operacionais e navegadores torna dificil a coleta de dados a partir de diversos periféricos, e,
consequentemente, modalidades. Os estudos realizados neste trabalho foram limitados ao par
sistema operacional e navegador pois, pelo fato do sistema operacional mapear as acdes das
modalidades escolhidas para movimentos do ponteiro, ndo foi possivel obter dados resultantes
das duas modalidades ao mesmo tempo. A evolucdo dos sistemas operacionais € navegadores, de
modo a repassarem os dados oriundos dos periféricos concomitantemente € necessdria para se ter
a multimodalidade nas aplicacoes Web e, assim, possibilitar uma melhor experiéncia de
navegacdo em dispositivos com varias modalidades.

Os ambientes de EaD sdo projetados para que sejam utilizados em qualquer curso
(contexto de ensino). Embora seja possivel, a sua adoc¢do € mais dificil nos cursos em que a
modalidade de escrita digitada (usando o periférico teclado) ndo se encaixa. Adotando outras
modalidades, possibilita que as atividades de ensino e aprendizagem sejam melhor realizadas nos
ambientes de EaD, pois os usudrios podem utilizar a modalidade mais conveniente, dentre as suas
restricdes, para elaborar o contetido e interagir com o ambiente.

As pesquisas da drea de Interacdo Multimodal se preocupam em empregar a
multimodalidade na interacdo entre usudrio e computador, ou seja, usar as modalidades de
entrada para acionar funcionalidades e dados necessarios para a execucao das funcionalidades, e
as respostas sejam emitidas nas modalidades de saida. Neste trabalho, os dados oriundos de uma
modalidade podem ser também empregados como conteido da aplicagdo. Por exemplo, os dados
oriundos da caneta podem ser utilizados para acionar funcionalidades ou adicionar informagdes
para a execugdo da funcionalidade (exemplo, usar a caneta para acionar um link ou uma
funcionalidade por meio de gestos) ou usar a caneta para produzir conteudo (exemplo, postar um
desenho na ferramenta InkBlog).

9.2 Reflexoes Finais e Licoes Aprendidas

Este trabalho explorou as modalidades de caneta e toque ao acessar um ambiente de
EaD, propondo uma arquitetura para a elaboracdo de um ambiente de EaD com interface
multimodal.
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A arquitetura mostra os
componentes possibilitando que seja

ai_ClaroBR © =~ ( 01:40

TelEduc - Profile

tratada a multimodalidade. O B Lnicamp bri~telec: X |

recebimento de dados dos varios

cpso Course Dynamic
periféricos e o tratamento desses y

dados para dar significado a eles e, Agenda I
assim, identificar a agdo desejada Activities '
pelo usudrio, é de responsabilidade £

dos componentes da interface SUpportmate”al .
multimodal. Mas somente ter Readings

componentes que tratam da Frequently Asked Questions
para manter a usabilidade de uma

aplicacdo. Por exemplo, considere o Requirad Stop

problema citado no Capitulo 5, no Bulletin Board

qual o usudrio teve dificuldades em
acionar uma ferramenta no menu de

Discussion Forums

| T Y —

ferramentas do ambiente TelEduc e —— i

(Figura 9.1). O local tocado pelo Figura 9.1 — Tela do TelEduc ao ser acesso por um dispositivo
usudrio ndo aciona o link que abre a mével com marcagio de local tocado pelo usudrio ao tentar
ferramenta; o toque deveria ser acionar a ferramenta Material de Apoio.

realizado sobre o nome da

ferramenta. O problema € que nao existe acdo para ser acionada no espaco tocado pelo usudrio. E
a simples adicdo de um componente que trate do toque ndo resolveria o problema encontrado
pelo usudrio. Desta forma, a usabilidade da aplicacdo na modalidade toque estaria prejudicada.
Portanto, a interface necessita ser avaliada usando a nova modalidade para identificar problemas.
Uma outra modalidade poderia minimizar o impacto deste problema, como por exemplo, a voz. O
usuario poderia dizer “Abrir ferramenta Material de Apoio” ap0s tentar, seguidas vezes sem
sucesso, acionar a ferramenta por toque.

Uma das limita¢Oes deste trabalho estd no fato de, embora ndo tivesse a intengdo de
fazé-lo, identificar exaustivamente os problemas de interacdo decorrentes da mudanca de
modalidade. A pesquisa realizada foi feita para demonstrar que uma interface projetada para uma
modalidade pode ter sua usabilidade prejudicada quando se alteram as modalidades. E a simples
mudanca de modalidade ndo necessariamente poderd aproveitar os recursos oferecidos pela nova
modalidade.

Outra limitagdo foi a ndo aplicagdo da arquitetura em outro ambiente de EaD que nao
seja o ambiente Ae. Embora suponhamos uma semelhanca de componentes arquiteturais entre os
ambientes de EaD (componentes como gerenciadores de curso, gerenciadores de usudrio,
gerenciadores de papéis e permissdes), ndo foram realizados testes para implantar a
multimodalidade em outro ambiente.

Por meio deste trabalho percebeu-se a relacdo de dependéncia entre os periféricos de
interagdo, o sistema operacional e os navegadores disponiveis no dispositivo. Por exemplo, os
navegadores atuais e sistemas operacionais dos Tablet PCs realizam um simples mapeamento
entre agdes com a caneta em acdes do mouse, com exce¢do de pequenos gestos navegacionais.
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Ressalta-se que cada modalidade oferece uma experiéncia diferente ao usudrio, e,
portanto, novas funcionalidades surgem quando se adota uma nova modalidade em um software.
Percebeu-se que o impacto da multimodalidade pode ir além de possibilitar acesso por diversos
periféricos de interacdo, conforme estudado pela 4rea de Interacio Multimodal, podendo emergir
novas funcionalidades nas ferramentas que apoiam contetidos educacionais que sejam dificeis de
serem produzidos nos ambientes de EaD. Ou seja, o impacto da multimodalidade pode ir além da
interacao entre usudrio e computador, e possibilitar novas tarefas e praticas que possibilitem que
determinados conteidos sejam melhor trabalhados pelos ambientes de EaD.

Acreditamos que existe uma relacdo entre modalidade de interacdo e as atividades de
ensino aprendizagem usadas em um ambiente de EaD. Embora muito do conhecimento humano
esteja disponivel em linguagem verbal escrita, as outras modalidades também possuem sua
utilidade. Com a popularizacio de modalidades que antes ndo existiam no computador
convencional, haverd uma mudanga nas atividades de ensino aprendizagem nos contextos que
aplicam ambientes de EaD? Shneiderman (2006) comenta sobre a habilidade da escrita:

“O papel tem uma funcdo ainda mais poderosa do que armazenar
conhecimentos. Adquire um poder enorme quando ¢ uma folha em
branco, convidando o aluno a criar. Mas a percepcao transformadora de
que os alunos devem ser mais que meros copiadores levou séculos para
vir a tona, e sua promog¢do deve ter sido dificil. Atualmente, os
professores consideram que os alunos devem escrever tdo bem quanto

ler.” (Shneiderman, 2006, p. 137)

Concordamos com o0 autor sobre a importancia dos alunos dominarem a lingua
escrita, em particular nos ambientes de EaD, nos quais as ferramentas ainda priorizam a escrita
digitada por teclado. Mas acreditamos que, ndo muito distante, com a influéncia dos materiais
multimidia e a popularizacdo dos diferentes periféricos de interacdo e com o acesso a Internet por
meio de redes de banda larga, os alunos terdo que mostrar destreza na elaboracdo de materiais
multimidias e nas vérias modalidades para se expressarem. Deverdo saber construir esbogos,
mostrar o desenvolvimento de suas ideias até chegarem ao produto final, seja uma apresentacao
ou seja um trabalho escrito. Focalizar-se-4 no processo de desenvolvimento da ideia e do
aprendizado, e nao somente ao produto final. Um ambiente de EaD multimodal permitird realizar
melhor este processo? Acreditamos que sim.

9.3 Trabalhos Futuros

Como trabalhos futuros podemos citar:

- Investigag@o de outras modalidades no ambiente de EaD multimodal: neste trabalho
explorou-se a modalidade a caneta e a modalidade de interacdo a toque. Outras modalidades,
como voz, rastreamento de olho, gestos com o corpo, podem ser investigadas, identificando os
problemas de interacdo que ocorrem ao acessar por meio da nova modalidade, e evoluindo os
componentes da arquitetura para coletar e processar os dados da nova modalidade. As
modalidades de saida diferentes das graficas podem ser exploradas, como, por exemplo,
sintetizacdo de voz;
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- Investigacdo de outros dispositivos para acessar o ambiente de EaD multimodal:
neste trabalho utilizou-se o Tablet PC, mas outros dispositivos compostos por diferentes
periféricos de interacdo (logo, outras modalidades) estdo se tornando populares como lousas e
paredes interativas. Embora empreguem interfaces gréficas, a dimensdo da interacdo € de outra
grandeza, o que pode impactar na interagao;

- Impacto de novas modalidades nas acdes pedagdgicas: no Capitulo 8 descrevemos
que existe uma relacdo entre as atividades de ensino e aprendizagem empregadas nos ambientes
de EaD com as modalidades existentes no dispositivo empregado, e que a educacdo poderd se
beneficiar do emprego de variadas modalidades. Essa pesquisa deve ser mais aprofundada por
pesquisadores da educacdo considerando casos de uso reais para se identificar os impactos da
nova modalidade no contexto educacional e a ado¢ao da modalidade por parte dos seus usudrios.

- Realizagdo de testes de viabilidade da arquitetura proposta e a sua ado¢dao em outros
ambientes de EaD: a arquitetura proposta foi parcialmente implementada no ambiente de EaD Ae
para apenas confirmar sua viabilidade. Pesquisas sdo necessdrias para melhor especificar as
interfaces entre os componentes, possibilitando ser implementada em outros ambientes de EaD;

- Realizacdo de estudos de uso fora de laboratério: a maioria dos estudos realizados
neste trabalho foram realizados em laboratério. Estudos realizados fora de laboratério podem
apresentar diferentes respostas por conta das vérias caracteristicas que influenciam na escolha
da(s) modalidade(s) por parte do usuério;

- Algoritmos para ajustar a interface multimodal: no Capitulo 2 apresentamos
algumas pesquisas que focalizam o ajuste de interfaces multimodais conforme caracteristicas do
contexto e preferéncias do usudrio. Nesse sentido, pesquisas podem ser realizadas para estudar as
caracteristicas do contexto (fisicas ou sociais) que podem impactar na intera¢do do usuario com o
sistema de EaD multimodal, bem como as preferéncias do usudrio ao interagir com um
determinado dispositivo e em qual contexto educacional. Apresentamos que uma modalidade
pode ser preferida pelo usudrio em determinados contextos educacionais ou atividades de ensino
aprendizagem, logo é necessdrio identificar e explorar as caracteristicas que influenciam na
escolha da modalidade;

- Algoritmos e representacdes dinadmicas para identificacdo de agdes possiveis de
serem realizadas: Os ambientes de EaD possuem dinamicidade nas acdes disponiveis aos
usudrios (por exemplo, para apagar uma mensagem de Weblog é necessério estar em um curso e
acessando a tela com as mensagens postadas em seu weblog, caso a ferramenta Weblog esteja
disponivel para o curso). Acreditamos que existem funcionalidades que comuns a vdrias
ferramentas (por exemplo, colar, copiar, recortar, fazer logout, trocar de curso), funcionalidades
relacionadas ao curso que podem ser acionadas a qualquer momento (por exemplo, escrever uma
nova mensagem de correio), funcionalidades especificas para uma tela (por exemplo, selecionar
itens de Portfélio para serem movidos ou apagados);

- Ferramentas de computagdo baseada em caneta na Web: utilizando o InkEditor é
possivel construir novas ferramentas para a Web que aproveitam os recursos da computacao
baseada em caneta, por exemplo, um editor de palheta de musica, um anotador de conteudo
digital (por exemplo, sobre um video ou slides de apresentacdo);



114

- Modelo mental: o usudrio ao interagir com uma plataforma constréi um modelo
metal dela, que serd utilizado em interagdes futuras com a plataforma. O usudrio pode empregar
também modelos mentais de outras plataformas, como € o caso dos usudrios novatos no uso dos
celulares inteligentes com sistema operacional Android que sdo experientes nos computadores
convencionais. Esses usudrios, ao ndo quererem utilizar mais uma aplica¢io, procuram por um
elemento que ird acionar o fechamento do programa. Entretanto, o Android possui um outro
modelo: o sistema operacional gerencia os aplicativos em uso e, em caso de um longo periodo
sem utilizacdo ou necessitando de memoria, o sistema operacional fecha o aplicativo sem
qualquer acdo do usudrio. Surge, assim, a necessidade de pesquisar sobre os modelos mentais dos
usudrios ao interagir com uma interface multimodal;

- Interacdo multimodal e design universal: alguns pesquisadores estdo discutindo a
relacdo entre multimodalidade e design universal, conforme apresentado no Capitulo 2. Um
ambiente de EaD multimodal possibilita fomentar esta discuss@o, pois, como acreditamos, um
ambiente de EaD deve ter um alto nivel de usabilidade e acessibilidade para atingir um grande
numero de usudrios.

9.4 Consideracoes Finais

Este trabalho se iniciou com a necessidade de utilizar o periférico caneta disposto nos
primeiros modelos de Tablet PC para acessar os ambientes de EaD. Ao longo de seu
delineamento, afirmou-se a complexidade em desenvolver software na época atual: o surgimento
de diversos periféricos de interacdo. O toque comegou a ser usado em massa, principalmente
devido a popularizacao dos celulares inteligentes, e empregado em novos modelos de Tablet PC.
Assim, nos deparamos com a variedade de modalidades.

A variedade de dispositivos, periféricos de interagdao que eles possuem, a diversidade
de usudrio, o alto nimero de usudrios que utilizam aplicacdes de determinados nichos, a boa
usabilidade e acessibilidade, e, no caso dos ambientes de EaD, os varios contextos educacionais
existentes, mostraram-se um problema complexo como espago de pesquisa.

Prop0s-se aplicar nos ambientes de EaD o conceito de multimodalidade e investigar
os impactos e, ao longo da pesquisa, percebeu-se a importancia de certas modalidades em
determinados contextos educacionais, o que nos levou a perceber a facilidade de um contetido
para um contexto educacional ser produzido dentro do ambiente de EaD com multimodalidade
em comparagdo aos ambientes de EaD monomodais.

A multimodalidade foi entdo utilizada ndo somente para a interacdo entre o homem e
interface de usudrio, conforme propde a drea de Interface Multimodal mas, também para produzir
conteudo. Essa percepg¢do possibilitou a criacdo de uma ferramenta dentro do ambiente de EaD, o
InkBlog, cujo conceito de computacdo baseada em caneta pode ser aplicado a outras ferramentas,
criando ferramentas que melhor aproveitem essa modalidade ou modalidades de interacao.

Por fim, ressalta-se a importancia da diversidade de dispositivos, cada um empregado
conforme necessidade do usudrio e a tarefa a ser realizada. Shneiderman (2006) ja apontava essa
necessidade:
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“Inspirados pelo gosto de Leonardo [da Vinci] por cadernos de bolso e
pastas de esbogos e por seus afrescos, os usudrios e os projetistas podem
imaginar a necessidade de uma linha abrangente de computadores, desde
dispositivos pequenos, porém priticos e elegantes, até pomposos
computadores de mesa e impressionantes modelos do tamanho de uma
parede. Mantendo o espirito de Leonardo, cada novo modelo de
equipamento de informdtica seria deliciosamente divertido e
necessariamente util.” (Shneiderman, 2006, p. 19)

Além de desenvolver uma ferramenta que aplica conceitos de Computagdo Baseada
em Caneta para ambientes de EaD, acreditamos que demos um passo tecnolégico importante ao
possibilitar o uso de uma diversidade de dispositivos nos ambientes de EaD, empregando a
Interacdo Multimodal nesse ambiente por meio de uma arquitetura especifica. Esse € um dos
objetivos da IHC segundo Hewett et al. (1992 apud Barbosa e da Silva, 2010, p. 10): arquitetura
de sistemas computacionais e da interface com usudrios. Outro objetivo da IHC tratado neste
trabalho foi um processo de desenvolvimento preocupado com o uso, originando um espago de
pesquisa para explorar a multimodalidade nas atividades de ensino e aprendizagem nos demais
objetivos inter-relacionados da IHC: o uso de sistemas interativos situado em contexto e
caracteristicas humanas.
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