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Resumo

A Computacdo Ubiqua tem trazido novos desafios para o design de
cenarios para interacbes pessoa-tecnologias. Os ambientes de computacao
ubiqua podem conter sensores e atuadores tangiveis e outras tecnologias
interconectadas, levando a uma diversidade de possibilidades de interagéo.
Apesar de pesquisas consideraveis em padrdes formais de acessibilidade,
trabalhos relacionados quase nao os investigam nos ambientes de computacao
ubiqua. Nés investigamos meios de analisar 0 acesso equitativo em ambientes
ubiquos baseados em dois instrumentos formais: 0 W3C-WCAG (Web Content
Accessibility Guidelines do World Wide Web Consortium) e os Principios e
guidelines Design Universal (DU). Como resultado, produzimos um instrumento
de avaliagcdo chamado UbiAccess. N6s aplicamos o instrumento em estudos de
caso incluindo a simulacdo de um cendrio de interacdo remota devido as
restricdes da pandemia do Covid-19. Nossa pesquisa também investigou um
caso de uma crianca diagnosticada com Transtorno de Déficit de Atencao e
Hiperatividade (TDAH) e um caso de uma crianga diagnosticada com Transtorno
de Espectro Autista (TEA).



Abstract

Ubiquitous Computing has brought new challenges to the design of
people-technology interaction scenarios. Ubiquitous computing environments
may contain sensors and actuators, tangibles and other interconnected
technologies, resulting in a diversity of interaction possibilities. Despite research
considering formal accessibility standards, related works pay little or no attention
to investigate ubiquitous computing. We, in contrast, investigate means of
analyzing equitable access in ubiquitous computing environments based on two
formal standards: W3C-WCAG (Web Content Accessibility Guidelines do World
Wide Web Consortium) and the Universal Design Principles (UD). As a result, we
generated an evaluation instrument called UbiAccess. We applied the instrument
in case studies, including a simulation of a remote interaction scenario due to the
Covid-19 pandemic. Our research also investigated a case of an Autistic
Spectrum Disorder (ASD) child and another including a child diagnosed with
Attention Deficit Hyperactivity Disorder (ADHD).
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Capitulo 1 - Introducao

A Computacao pode ser compreendida em trés eras distintas: 12) Era dos
Mainframes: o conhecimento e 0 acesso aos computadores era restrito a um
pequeno numero de pessoas; 22) Era dos computadores pessoais:
popularizagdo do acesso a computadores pessoais, tanto no trabalho quanto
para uso doméstico, assim como acesso a web; e 32) Era da computagao ubiqua:
tecnologias contemporédneas que buscam uma interagdo com maior
transparéncia entre usuario e dispositivo [1]. A computagdo ubiqua como
proposta por Weiser [2] possui dispositivos espalhados no ambiente, em
diferentes formas e tamanhos, trabalhando interconectados, possibilitando a
interacdo de forma mais transparente entre o usudrio e o dispositivo. Alguns
exemplos de tecnologias ubiquas sao: Internet das Coisas (loT), tangibles,

wearables, pervasive computing [3].

Os ambientes de computacao ubiqua tém ganhado espaco na sociedade.
Para ilustrar um ambiente, vamos descrever dois cenarios “in the wild”. O
primeiro € uma enfermaria inteligente [4] onde um quarto de hospital recebeu
varios sensores para captura de dados fisiol6gicos, movimentacao, conversas,
tempo de descanso na cama, fornecendo relatérios aos médicos sobre o
paciente, ou seja, se ele teve atividades sociais com 0 acompanhante, se foi ao
banheiro, se ficou muito ou pouco tempo deitado na cama, se utilizou o chuveiro.
Notar que a pesquisa levou também em consideragéo a privacidade do paciente
quanto ao processamento dos dados. Esta instalacao foi realizada durante dois
meses em um hospital de grande porte. Outro cenario aconteceu em Londres
nas Olimpiadas de 2012 [5] onde um Kinect, um sensor de captura de dados
fisiolégicos em forma de acessorio para a orelha e um computador capturavam
dados dos movimentos e batimentos cardiacos dos participantes, exibindo
diferentes apresentagdes de luz no monumento London Eye, conforme o

movimento e as emocdes do participante.

Considerando que a computagao ubiqua ja € uma realidade no cotidiano
das pessoas, é preciso garantir que todas as pessoas tenham acesso a esses
ambientes tecnolégicos. Com o passar dos anos, cada vez mais as pessoas com
deficiéncia tém lutado por seus direitos e conquistado seu espaco. A inclusao é
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uma preocupacgao global; todavia, ainda ha muito a ser trabalhado nas varias
esferas da humanidade para que possamos atingir o acesso necessario.
Segundo as Nacdes Unidas [6, p. 13], uma sociedade inclusiva beneficia a todos
os individuos e deveria dar suporte as necessidades individuais de cada pessoa.
Os requisitos de acessibilidade devem ser previstos em qualquer criagéo, seja
de lugares, espacos, itens ou servicos. Quando esse acesso € atingido, a
sociedade como um todo é beneficiada, e ndo somente as pessoas com
deficiéncia. Consideremos por exemplo a pesquisa de Hayashi e Baranauskas
[7]; as autoras analisaram aspectos de acessibilidade em museus e observaram
que ha museus com falta de itens basicos de acessibilidade, como pisos tateis.
As autoras também apontaram a necessidade de investigar o acesso com

relacdo as tecnologias emergentes, como a computacao ubiqua.

Os Sustainable Development Goals (SDG)' da Agenda Sustentavel 2030
proposta pelas Nagdes Unidas abordam a inclus&do em diferentes objetivos e
metas propostos. O acesso universal € também um dos sete grandes desafios
de IHC [8]. Além disso, tanto 0 acesso universal quanto a computacao ubiqua
fazem parte dos desafios de pesquisa de IHC no Brasil [9]. Somado a todos
esses aspectos, esta pesquisa foi conduzida durante a pandemia do Covid-19,
trazendo novos desafios de pesquisa relacionados as interacbes remotas e a
pessoas com deficiéncia.

Considerando as diversas possibilidades de interagdo criadas pela
computagdo ubiqua e a necessidade de prover 0 acesso equitativo a todas as
pessoas, este trabalho explorou os conceitos envolvidos no provimento de
acesso equitativo em cenarios de computacdo ubiqua, cooperando com 0s
SDGs. A pesquisa faz parte do Projeto Tematico FAPESP (Fundacao de Amparo
a Pesquisa do Estado de Sao Paulo) intitulado “Sistemas Socioenativos:
Investigando novas dimensdes no design da interagdo mediada por tecnologias
de informag&o e comunicag&o” Processo #2015/16528-0, aprovado pelo Comité
de Etica em Pesquisa (CAAE 72413817.3.0000.5404). O Projeto Sistemas

Socioenativos possui 0 Termo de Consentimento Livre e Esclarecido e os

1 SDG: https://sdgs.un.org/goals
2 https://socioenactive.ic.unicamp.br/
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Termos de Assentimento ajustados de acordo com a idade dos participantes. Os
arquivos estao disponiveis no Repositério de Dados de Pesquisa da Unicamp
[10].

Os Sistemas Socioenativos séo instancias de ambientes de computacao
ubiqua onde as trés dimensdes (Social, Fisica e Digital) influenciam e sao
influenciadas umas pelas outras, gerando interagcées Unicas em cada momento
[11]. Relembrando os exemplos anteriores, na enfermaria inteligente os
sensores sao a parte Digital, a cama e os objetos do quarto, a parte Fisica e a
interacdo entre paciente, médicos e acompanhante fazem parte da dimenséao
Social. Em nosso trabalho levamos em conta estas trés dimensdes para melhor

compreender o0 acesso nos ambientes ubiquos.

1.1. Perguntas de Pesquisa

Os padrdes formais de avaliagdo de acesso a tecnologia ndo foram
projetados para avaliar a diversidade das interagbes possibilitadas pelos
ambientes de computagdo ubiqua. Como padrées formais levantamos os 7
Principios de Design Universal e 0 W3C-WCAG, os quais sdo apresentados na
Secao 2. Nesta pesquisa investigamos a versao estavel do WCAG: 2.1.
Acrescentamos que estd em rascunho o WCAG 3.0 que promete a cobertura de
tecnologias wearables e deficiéncias cognitivas. Todavia, consideramos que o
rascunho ndo traria informacdes consistentes para nossa pesquisa, ja que ele
pode ser completamente mudado pela comunidade até o seu langamento.
Considerando a problematica do acesso, esta pesquisa se propds a responder

as seguintes perguntas:

P1: E possivel criar um instrumento de avaliacdo de acesso para
ambientes de computacdo ubiqua com base nos padrées formais de
acessibilidade?

P2: O instrumento criado é capaz de cobrir as trés dimensdes: Fisica,

Digital e Social?

1.2. Objetivos e Metodologia

O objetivo geral deste trabalho foi o desenvolvimento de um instrumento
para apoiar a avaliacao do acesso equitativo em ambientes ubiquos, baseado
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em principios formais de avaliagao ja existentes e sua aplicabilidade no contexto

da ubiquidade. Adicionalmente, o instrumento desenvolvido visou ser aplicado

no contexto dos cenarios do Projeto Sistemas Socioenativos. Para esta

pesquisa, foi considerada a analise dos dados (e.g., videos, fotos) de dois tipos

de cenario — presenciais e remoto. Os dados de cendrios presenciais do Projeto

Sistemas Socioenativos, em oficinas que ocorreram antes do inicio desta

pesquisa de mestrado (2018 e 2019). Os dados do cenario remoto foram obtidos

do Projeto Aquarela Virtual, do qual esta pesquisa participou no desenvolvimento

da ferramenta e na realizagao das oficinas.

A Figura 1-1 apresenta a metodologia da pesquisa realizada nesta

dissertacdo. A dissertacdo esta estruturada como coletdnea de artigos,

detalhada na Secéo 1.5.

Reviséo de
Literatura

Suporte a todo o
processo

Estudo de Caso 1 Estudo de Caso 2

Informagdes para criagado do Instrumento

s ¥
Y

> Instrumento
UbiAccess

Avaliacao do
UbiAccess

H_/

Experimentagéo do Instrumento

_J Estudo de Caso 3 Estudo de Caso 4
Caso TEA Caso TDAH

Avaliacédo do Instrumento por outros pesquisadores

Figura 1-1: Metodologia da Pesquisa da Dissertacao

A Revisado de Literatura acompanhou o desenvolvimento do trabalho e

forneceu suporte para todo o processo de desenvolvimento das ferramentas.

Realizamos quatro estudos de caso. O primeiro [12] avaliou apenas a
aplicabilidade dos Principios do Design Universal (DU) e do W3C-WCAG 2.1

para os ambientes de computacao ubiqua, utilizando os artefatos da oficina A
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Magia da Ciéncia [13]. Sobre esse estudo consta nesta dissertacdo apenas sua
referéncia de publicacdo. Nele nds aplicamos os principios dos dois padrdes
para verificar se obteriamos informacdes sobre 0 acesso equitativo nos artefatos
de computagéo ubiqua estudados. Com isso, concluimos que eles contribuiam,
mas que era necessdria uma analise aprofundada das guidelines e critérios de
sucesso para realmente compreender 0 que era ou nao aplicavel para avaliacao

de cendrios ubiquos.

O segundo estudo de caso [14], [15] aprofundou a analise verificando as
guidelines do DU e as guidelines e critérios de sucesso do WCAG. Como fruto
da analise, identificamos as recomendacbes e as areas onde estas foram
agrupadas. O resultado foi o instrumento UbiAccess (Table 2-1: The UbiAccess
evaluation instrument, in which recommendations are grouped according to their
area do Capitulo 2). Ele é apresentado em forma de tabela onde o avaliador
observa a recomendacdo e verifica se no cendario avaliado esta ou ndao em
conformidade com a recomendagdo. Estd disponivel eletronicamente
Repositério de Dados de Pesquisa da Unicamp [10] em versdes PDF e Excel. O
Capitulo 2 detalha o UbiAccess. O instrumento foi experimentado usando dados
de duas instalagbes desenvolvidas pela equipe de pesquisadores do Projeto
Sistemas Socioenativos antes do inicio desta pesquisa: Memocao e Temporario
[13], [16], ambos presenciais. O estudo possibilitou aplicar melhorias no
instrumento e obter resultados sobre o acesso equitativo das instalagdes.
Concluimos que o instrumento pode avaliar os cenarios, mas que ainda havia

aspectos a serem observados, avaliados e trabalhados.

Segundo Lazar et al. [17, p. 4] tépicos de pesquisa em IHC também
envolvem a exploragéo da diversidade de usudrios e como os diversos usuarios
interagem com a tecnologia. No contexto de pessoas com deficiéncia, nossa
pesquisa pode analisar dois casos: um caso de Transtorno de Espectro Autista
(TEA) e outro de Transtorno de Déficit de Atencédo e Hiperatividade (TDAH).
Estes casos foram realizados no contexto da pandemia do Covid-19, dentro das
restricOes sanitarias associadas e contando com uma simulagédo de ambiente
remoto dentro do contexto escolar. Utilizamos os estudos de caso e a Analise
Tematica [18] para melhor compreender a interacdo destes dois casos
especificos com um cenario ubiquo projetado e desenvolvido no Projeto
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Sistemas Socioenativos para um ambiente remoto. A analise tematica é um
método que realiza primeiro a transcricao dos videos, e em seguida a codificacao
da transcricdo. Da codificacdo emergem os temas frequentes. O processo é
repetido e os temas sao refinados, até se chegar a um mapa tematico final. O
Capitulo 3 e o Apéndice Il descrevem e aplicam este método.

Com a pandemia do Covid-19, o Projeto Socioenativo desenvolveu o
sistema Aquarela Virtual [19]-[21], que buscou promover um cenéario de
ubiquidade com interacdes remotas. O cenario é detalhado na Secdo 3.3.3
Materiais e Métodos. Este cenario foi utilizado para avaliar os dois casos citados
anteriormente, das criancas diagnosticadas com TEA e com o TDAH. O terceiro
estudo de caso aprofunda a pesquisa que foi realizada com o caso da crianga
TEA e é apresentado no Apéndice Il. Neste estudo avaliamos as interagdes da
crianga utilizando o Mapa Tematico, analisamos a atividade de avaliagéo
realizada com o grupo de criangas, analisamos a entrevista com a professora e
as areas do UbiAccess. Observamos que neste caso e neste cenario a crianga

conseguiu fazer sentido da experiéncia.

O Estudo de caso 4 [22], apresentado no Capitulo 3, utilizou o mesmo
cenario (Aquarela Virtual) e avaliou as recomendagdées do UbiAccess,
comparando os resultados com o Mapa Tematico da interacdo da crianga
diagnosticada com TDAH. Observamos que apesar do mesmo cenario e da
mesma idade das criancas houve aspectos de ndo cobertura do UbiAccess.
Esses aspectos tanto forcam ou diferenciam-se de aspectos nao cobertos
encontrados nos estudos de caso 1 e 2, em cenarios de intera¢do presenciais.

Experimentamos o UbiAccess tanto em cenarios presenciais (Estudos de
caso 1 e 2) quanto em cendrios com simulacdo de situacdo remota, e
participacdo de um caso de crianga com TEA e um caso de criangca com TDAH
(Estudos de caso 3 e 4). Em ambos observamos que o instrumento foi capaz de
fazer a avaliagdo do acesso e apresentar melhorias nos cenarios. Por outro lado,
os estudos apresentaram aspectos ainda nao cobertos pelo instrumento.
Realizamos também uma avaliagéo (Capitulo 4) com pesquisadores da area da
computagao, dentro e fora da area de Interacdo Humano Computador (IHC) e
que nao participaram do desenvolvimento do UbiAccess. Os avaliadores
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aplicaram o UbiAccess para avaliar dois cendrios ubiquos disponiveis na
literatura. Em seguida, preencheram um questionario sobre o UbiAccess,
trazendo novas perspectivas sobre o instrumento. Ele foi bem recebido e bem

avaliado, recebendo também sugestdes de melhoria.

1.3. Trabalhos Relacionados

Um Mapeamento Sistematico da Literatura para levantar o estado da arte
em temas envolvidos no trabalho estd em curso. Ele teve o resumo pré-aprovado
para a conferéncia 25" International Conference On Human-Computer
Interaction (HCII 2023), no evento UAHCI: 17" International Conference on
Universal Access in Human-Computer Interaction. O artigo esté intitulado como
“Access Evaluation in Ubiquitous Computing Environments: A Systematic
Mapping”. Embora ndo tenha sido dada continuagdo ao trabalho completo, o
Apéndice | apresenta o resumo expandido correspondente.

O Mapeamento Sistematico utiliza o Protocolo PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) [23]. Utilizamos trés
fontes de dados para o mapeamento: ACM DL, IEEE e Scopus. Como
ferramenta de apoio utilizamos o Parsifal®. A Figura 1-1 apresenta os resultados
da aplicagdo do PRISMA. Encontramos 1132 artigos utilizando a seguinte string
de busca:

(“ubiquitous computing” OR “ubiquitous environments” ) AND (“universal
access” OR “universal design” OR “equitable access” OR “accessibility”)

AND (“framework” OR “guideline” OR “evaluation” OR ‘“instrument’)

A primeira parte da string se refere aos ambientes ubiquos onde nossa
pesquisa se aplica. A segunda parte acrescentou os temas relacionados ao
acesso equitativo. Por fim a ultima parte buscou instrumentos associados ao
nosso tema. Inicialmente foram encontrados 1132 artigos, dos quais apenas 51
estudos foram selecionados, seguindo os critérios de exclusdo que foram
definidos no estudo. Destacamos que nosso primeiro artigo sobre o UbiAccess
[15] foi um dos estudos encontrados. A pesquisa de dos Santos [24],

3 Parsifal — Ferramenta Online e gratuita para gerenciar revisdes sistematicas (https:/parsif.al/ )
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apresentada abaixo também foi um dos trabalhos encontrados. A maioria dos 51

artigos é voltada para deficiéncias especificas, poucos abrangem o acesso
equitativo como um todo. Os dados desta revisao estao disponiveis em [25].

8 ACM DL IEEE Xplore Scopus
E (n =908) (n = 120) (n=104) Books and proceedings (n =81 )
=]
Unidentified author (n = 0)

- Unidentified abstract (n =13 )
[
£ ‘
o Abstracts and titles screened Less than five pages (n = 114 )
3] (n=1132)
%]

Published before 2012 (n = 356 )

Not on topic (n = 466)
>
% Full text assessed for eligibility
=) (n = 66) Not in English or Portuguese(n = 1)
w
Not on topic (n =4)
E Selected studies Books and proceedings (n=9)
3 —
2 (n=51)
£
Unobtainable (n=1)
Less than five pages (n=1)

Figura 1-2: Resultados do Protocolo PRISMA para o Mapeamento Sistematico

Todos os capitulos apresentados nesta dissertacdo possuem o0 seu
proprio levantamento de trabalhos relacionados. A seguir, acrescentamos alguns

trabalhos que se relacionam com esta pesquisa: a) [26]; b) [27]; ¢) [28]; e d) [29].

A pesquisa de dos Santos [26] foi realizada anteriormente a esta pesquisa
e criou guidelines para avaliagdo de Sistemas Socioenativos. Em seu trabalho
de mestrado, a autora propde um conjunto de guidelines com base nos principios
do Design Universal e as Heuristicas para Interfaces Naturais, considerando
cinco aspectos dos Sistemas Socioenativos: Autonomia, Acoplamento,
Embodiment, Emocional e Social. Na segunda parte de seu estudo a autora faz
uma avaliagdo do acesso universal, de acordo com uma das cinco dimensdes

escolhidas anteriormente. Nosso trabalho se diferencia do trabalho que ela
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apresenta ao colocar o foco nos ambientes de computacéo ubiqua, partindo da
avaliacdo dos guidelines do Design Universal e do W3C-WCAG. Esse ultimo
corresponde a segunda era da computacao: a web, portanto experimentamos
utiliza-lo para verificar como a segunda era poderia influenciar a terceira era
(computagao ubiqua). Como resultado, obtivemos cinco areas de avaliagdo
diferentes das areas cobertas pelo estudo anterior.

Com relacéo a pesquisa de Gongalves et al. [27], 0 estudo se aprofunda
no W3C-WCAG e nas solugbes propostas para o contexto de computacéo
ubiqua e pessoas com deficiéncia. A pesquisa dos autores identificou uma falta
de instrumentos de avaliacdo de acessibilidade que cobrissem todas as
deficiéncias; geralmente elas sdo focadas em apenas um tipo especifico da
deficiéncia (motora, auditiva, visual). Nesse sentido, nosso trabalho contribuiu
avaliando uma versdo mais atualizada no WCAG (2.1) e combinando as
guidelines e critérios de sucesso em uma analise aprofundada, de modo a

encontrar o que seria adequado para a avaliagdo de ambientes ubiquos.

O trabalho de Beda et al. [28] foi desenvolvido no contexto de avaliacao
de acessibilidade e a pandemia de Covid-19. Esse trabalho é voltado para o
acesso universal em Ambientes de Aprendizagem Virtual (AVA), que foram
adotados emergencialmente e sem nenhum preparo para docentes e estudantes
com deficiéncias. Os autores fizeram um mapeamento sistematico que gerou
critérios de acessibilidade para as plataformas AVA, mostrando para quais
deficiéncias eles se aplicam. Os Critérios se dividem em Design de Conteudo
Audiovisual e Verbal e Design Visual. Este trabalho, apesar de ndo avaliar o
W3C-WCAG, mostrou critérios que estdo contidos nas recomendacdes do
instrumento UbiAccess, mostrando também para quais tipos de deficiéncia elas
se aplicam. Embora a finalidade de nossas contribui¢cdes seja diferente (AVA e
ambientes de computacdo ubiqua) € importante observar que a acessibilidade
possui critérios gerais, como recursos multimidia, que aparecem em ambos 0s
instrumentos e que atingir o acesso equitativo é um desafio em diversas areas.

Por fim, o trabalho de Belarmino et al. [29] apresenta critérios de avaliacéo
do acesso universal para jogos. Atualmente os jogos possuem uma ampla gama
de opcdes de interacdo, incluindo as interacoes através de objetos de
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computagdo ubiqua (e.g. Kinect, volantes). No entanto, a acessibilidade no
contexto de jogos é um desafio. Este trabalho apresentou os critérios
necessarios para acessibilidade e para qual deficiéncia eles foram aplicados.
Assim como no trabalho anterior [28], os critérios levantados também fazem
parte das recomendagdes do UbiAccess. Nossa contribuicdo se diferencia por
buscar o acesso equitativo em ambientes completamente ubiquos, enquanto os

jogos podem ou ndo utilizar recursos de computacao ubiqua.

1.4. Gestao de Dados

Os dados desta pesquisa [10], [25] que ja foram publicados em
conferéncias e journals estao disponiveis no Repositério de Dados de Pesquisa
da Unicamp - REDU*. Os dados referentes as oficinas coletivas do Projeto
Sistemas Socioenativos utilizados nesta pesquisa (Aquarela Virtual, Deep Time,
The Magic of Science) estdo em processo de publicagdo na plataforma REDU e
poderao ser encontrados através da palavra-chave “socioenactive’.

Pimenta, Josiane Rosa de Oliveira Gaia;Duarte, Emanuel

Felipe;Baranauskas, Maria Cecilia Calani;Medeiros, Claudia Maria

Bauzer, 2023, "Dataset associated with UbiAccess - equitable access

evaluation instrument for ubiquitous

environments", https://doi.org/10.25824/redu/HSPSJT, Repositorio de
Dados de Pesquisa da Unicamp, V1

Pimenta, Josiane Rosa de Oliveira Gaia;Duarte, Emanuel
Felipe;Baranauskas, Maria Cecilia Calani, 2023, "Dataset associated
with master research: systematic mapping of evaluation tools for
ubiquitous computing
environments", https://doi.org/10.25824/redu/CRRSXT, Repositério
de Dados de Pesquisa da Unicamp, V1

1.5. Estrutura da Dissertacao

Esta dissertacdo esta organizada no formato de coletanea de artigos. O
Capitulo 2 apresenta a andlise aprofundada das guidelines do Design Universal
e das guidelines e critérios de sucesso do W3C-WCAG 2.1 (versao estavel
disponivel na data de realizagdo do estudo). O capitulo apresenta a analise de
aplicabilidade de cada um dos itens e seu agrupamento em recomendacoes e

em cinco areas, gerando o instrumento de avaliagdo UbiAccess.

4 https://redu.unicamp.br/
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O Capitulo 3 apresenta um estudo de caso aplicando o UbiAccess em um
cenario socioenativo remoto denominado Aquarela Virtual, utilizando também o
método Andlise Tematica para avaliar a interagdo de uma crianga com TDAH.
Com os resultados, foi possivel comparar quais temas foram cobertos pelo
UbiAccess e quais ainda precisavam de cobertura.

O Capitulo 4 apresenta a avaliacdao do instrumento UbiAccess. Essa
avaliagdo foi realizada por pesquisadores fora do Projeto Sistemas
Socioenativos e que nao participaram das etapas de desenvolvimento do
UbiAccess. Os pesquisadores aplicaram o instrumento em um cenério de
computagéo ubiqua disponivel na literatura e responderam um questionario de
avaliagédo sobre o UbiAccess. Com os resultados, fizemos uma comparagdo com
os pontos faltantes de nossas publicagdes para compreender a efetividade do
instrumento para avaliar os cenarios propostos e quais as melhorias seriam

desejaveis no instrumento.

O Capitulo 5 apresenta a discussao e as conclusdes deste trabalho de
mestrado, sintetizando os objetivos alcancados, a contribuicdo cientifica, as
limitacdes e os trabalhos futuros. Por fim, incluimos o Apéndice Il que apresenta
uma verséo estendida de um estudo de caso que realizamos com uma crianga
com Transtorno de Espectro Autista [30]. Nesta versao apresentamos, além da
atividade de avaliagao realizada com um grupo de criangas incluindo a crianca
caso, o relato da professora da turma apds a oficina e o Mapa Tematico da
avaliagdo do caso da crianga TEA. Com os resultados observamos a cobertura
das areas do UbiAccess no cenério proposto.

As publicag6es associadas a este trabalho sao:

Capitulo 2: Pimenta, J. R. D. O. G., Duarte, E. F., Baranauskas, M. C. C.
& Medeiros, C. B. UbiAccess: an Instrument to Assess System Access in
Ubiquitous Scenarios. Interacting With Computers. 2022.
https://doi.org/10.1093/iwc/iwac029

Capitulo 3: Pimenta, J. R. D. O. G., Duarte, E. F., & Baranauskas, M. C.

C. Interacdo Remota no Aquarela Virtual: um estudo de caso com crianca
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diagnosticada com TDAH. Anais do XXXIII Simpdésio Brasileiro de Informatica na
Educacao. 2022. https://doi.org/10.5753/sbie.2022.225699

Capitulo 4: Pimenta, J. R. D. O. G., Baranauskas, M. C. C. Avaliando o
UbiAccess - e seu potencial de avaliar acesso em ambientes baseados em
computacdo ubiqua. Submetido ao XLX Seminario Integrado de Software e
Hardware. 2023.

Apéndice Il — Pimenta, J. R. de O. G.; Duarte. E. F.; Medeiros, C. B.;
Baranauskas, M. C. C. Access in a Remote Socioenactive Scenario: a Case
Including Autistic Spectrum Disorder Issues. Submetido a Periddico Journal of
the Brazilian Computer Society (manuscrito que estende o artigo do SEMISH
2022; Submissdo em margo de 2023).

Esta pesquisa deu origem as seguintes publicacdes:

Pimenta, J. R. de O. G., Duarte, E. F., & Baranauskas, M. C. C.
(2021a). Evaluating Accessibility in Ubiquitous Environments: A Case
Study with Museum Installations. Anais do XLVIIl Seminario Integrado
de Software e Hardware, 88-96. Disponivel em
<https://doi.org/10.5753/semish.2021.15810>

Pimenta, J. R. de O. G., Duarte, E. F., & Baranauskas, M. C. C.
(2021b). Investigating Access in Ubiquitous Scenarios: A Case Study
and Evaluation Instrument. X Latin American Conference on Human
Computer Interaction. Disponivel em
<https://doi.org/10.1145/3488392.3488396>

PIMENTA, J.; DUARTE, E.; BARANAUSKAS, M. Investigando acesso
equitativo em cenario socioenativo remoto: um estudo de caso. In:
Anais do XLIX Seminario Integrado de Software e Hardware. Porto
Alegre, RS, Brasil: SBC, 2022. p. 152-163. ISSN 2595-6205.
Disponivel em: <https://doi.org/10.5753/semish.2022.223156>.

PIMENTA, J. R. d. O. G.; DUARTE, E. F.; BARANAUSKAS, M. C. C;
MEDEIROS, C. B. UbiAccess: an Instrument to Assess System
Access in Ubiquitous Scenarios. Interacting with Computers, 10, 2022.
ISSN 1873-7951. Disponivel em:
<https://doi.org/10.1093/iwc/iwac029>.

Pimenta, J. R. de O. G., Duarte, E. F., Queiroz, M. J. N. de, Mendoza,
Y. L. M., Silva, J. V. da, & Baranauskas, M. C. C. (2022). Aquarela
Virtual: Investigando Acesso Equitativo em Instalacdo Socioenativa
em Contexto de Isolamento Social (Relatorio Técnico No 03; p. 15).
Instituto de Computacdo - Universidade Estadual de Campinas.
https://ic.unicamp.br/~reltech/2022/22-04.pdf
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em Sistemas Computacionais. Porto Alegre, RS, Brasil: SBC, 2022.
p. 243-244. Disponivel em:
<https://doi.org/10.5753/ihc_estendido.2022.225432>.

PIMENTA, J.; DUARTE, E. F.; BARANAUSKAS, M. Interagao remota
no aquarela virtual: um estudo de caso com crianga diagnosticada
com TDAH. In: Anais do XXXIII Simpésio Brasileiro de Informatica na
Educagado. Porto Alegre, RS, Brasil: SBC, 2022. p. 764-775.
Disponivel em: <https://doi.org/10.5753/sbie.2022.225699>.

PIMENTA, J. R. D. O. G., BARANAUSKAS, M. C. C. Avaliando o
UbiAccess - e seu potencial de avaliar acesso em ambientes
baseados em computacdo ubiqua. <Aceito e em processo de
publicacdo>. XLX Seminario Integrado de Software e Hardware. 2023.

Publicacdes submetidas e em processo de avaliagao:

PIMENTA, J. R. d. O. G.; DUARTE, E. F.; MEDEIROS, C. B. ;
BARANAUSKAS, M. C. C. Access in a Remote Socioenactive
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Capitulo 2 - UbiAccess: an Instrument to Assess System Access in
Ubiquitous Scenarios

2.1 Introduction

Weiser and Brown [1] started the Ubiquitous Computing era, in which the
user interacts with many computers without focusing attention on the interaction
per se. As their original proposal tells us, “calm technology engages both the
center and the periphery of our attention and in fact moves back and forth
between the two” [1, p. 79]. As Weiser [2] idealized, designing ubiquitous
computing requires thinking about transparency, embodiment, and drawing
computers out of their shells in different sizes and shapes. This technology fades
into the background, where the user’s interaction would become natural and
transparent. Furthermore, ubiquitous computing is also aware of its location,
adapting its behavior, and communicating with other machines. These invisible
technologies would enhance social aspects by changing the interaction between
people and technologies to a transparent one, entirely fitting into the human

environment [2].

Many current research areas are related to ubiquitous computing - Internet
of Things, Context-aware Computing, Pervasive Computing, Mobile Computing,
Ambient Computing, Embodied Interaction or Tangible, and Social Computing, to
name a few. In this text, we are particularly interested in ubiquitous environments
that contain sensor/actuator-based interactions, embodied technologies,
pervasive computing and provide social interactions. Takayama [3], reviewing
Weiser’s ideas, concluded that ubiquitous computing is still far from reaching the
proposed original human interaction experience. She suggests three research
directions on ubiquitous systems: 1) leveraging human experience below the
level of focused conscious attention; 2) bringing back embodiment; and 3)
supporting and getting out of the way of human interpersonal interactions and
relationships [3]. These three aspects deserve attention when designing
interaction scenarios in which sensors and actuators are composing the
environment. Besides these, we envisage a fourth challenge: to provide access

in ubiquitous environments to everyone without discrimination, which leads us to
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question how to design and evaluate access, considering the ubiquitous
environments paradigm. Our understanding of access appears in section 2.

Design for All, also called Universal Access, addresses accessibility for
a diversity of users, disabled or non-disabled, in different contexts of use and
interaction platforms [31], [32]. “Disability is an umbrella term for impairments,
activity limitations and participation restrictions.” [33]. Discussions of inclusion of
people with disabilities have roots in the Universal Declaration of Human Rights
(1984) and the Convention on the Rights of Persons with Disabilities - CRPD
(2006) [34]. Inclusion is at the heart of UNESCQO’s Sustainable Development
Goals (SDG) [35], e.g. in Reducing Inequality (SDG 10) or promoting Quality
Education (SDG 4). Globally, around a billion people (approximately 15%) live
with some disability [33]. Accessibility and Universal Access are worldwide
recognized as the 5" of the Seven HCI grand research challenges [8].
Furthermore, the Brazilian HCI research community, organized under a chapter
of the Brazilian Computer Society, also recognizes Accessibility and Inclusion as
the 2" grand research challenge of HCI in Brazil and Ubiquity as the 3 challenge
[9]. Including everyone in all environments leads to further efforts towards
accessibility of technology-based environments. ldentifying interactions that
might lead to confusion, frustration, or cognitive overload is also a challenge when
designing for all [31]. Nonetheless, the Human Computer Interaction (HCI)
community has been developing research on the web accessibility paradigm [36].
However, there is still the need for in depth investigations within the ubiquitous
computing paradigm. Our research presents contributions to this end.

The so-called “socioenactive systems scenarios” are instances of
ubiquitous computing environments, which emphasize the social side of people’s
actions, such as talking, sharing experiences, culture, personal values, and
playfulness, while interacting smoothly and continuously with technology [11].
The interaction of people with each other through the elements of the scenario
influences the system, which in turn influences them back, creating a unique
interaction experience [11]. As ubiquitous environments leverage new interaction
possibilities, socioenactive scenarios give rise to additional concerns, including
the intersubjective relations among people with different conditions through
technology present in those scenarios.
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This paper investigates access in socioenactive scenarios through the
following research questions:

e RQ1: To what extent is the access in ubiquitous computing
environments being considered by formal accessibility and
universal design standards?

e RQ2: What are the key challenges in designing and implementing
an instrument to evaluate access in socioenactive ubiquitous

environments?

The remainder of this paper is organized as follows: section 2
conceptualizes access and socioenactive systems scenarios and presents some
related works. Section 3 presents the methodology of this study. Section 4
describes UbiAccess - an instrument generated from existing formal standards,
proposed for this investigation. We present a case study in section 5, applying
the instrument to analyze access in socioenactive scenarios, at the same time
evaluating UbiAccess itself. We discuss results in section 6, and Section 7
concludes our work pointing out further research. This paper is an extended
version of a paper published in [15], and includes new research results obtained

since then.

2.2 Background and Related Work

To the best of our knowledge, no formal standards or literature guides
focus on evaluating access in ubiquitous environments. The Universal Design
Principles (referred to in the rest of the paper as UD) [27] [37] and the Web
Content Accessibility Guidelines 2.1 (referred to in the rest of the paper as
WCAQG) [38] are two worldwide recognized and adopted accessibility formal
standards. Presented by Connell et al. [37], the UD Principles [37] have seven
major principles and thirty guidelines focused on environment access. The W3C
(World Wide Web Consortium) develops and updates the WCAG, which focuses
on web content accessibility [38]. WCAG 2.1 is the latest stable version at the
moment we wrote this paper, containing four major principles, 13 guidelines, and
78 success criteria. As seen throughout this paper, our work concentrates on UD
and WCAG.
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The social side of technology was already a concern for Weiser [1]-[3] and
is discussed in the Socioenactive Systems Project®, which also supports our
research. In the concept of socioenaction, the computational system is not limited
to interaction with artifacts such as mouse, keyboard, or (touch) screen [7].
Socioenactive systems inhabit the physical world through the use of sensors and
actuators, allowing human-computer interactions that go beyond standard input-
output relations. Instead, interaction is embodied by an inseparable coupling
between the person and the ubiquitous computing technology, while also
considering the action of others in the scenario. The associated tripartite coupling
of social, physical, and digital socioenactive environments elicit new interaction
possibilities [11]. Our work investigates two socioenactive ubiquitous scenarios
regarding their possibilities of enabling access: Temporario [16] and Memocéao
[13], both briefly described in section 5.

By access in ubiquitous environments, we mean allowing not only
approaching the artifacts but also being able to make sense of them. Stephanidis
[32] discussed that contemporaneous technologies need to address users with
different needs interacting with different technologies, all placed inside the same
environment that changes dynamically [32, p. 449]. In this paper, we argue that
access and its social aspects are indissociable, with people interacting together
with the ubiquitous environments, thereby building new and unique meanings to
different experiences of interaction. Stephanidis [32, p. 450] also adds: “Design
for All methods and techniques need to be appropriately expanded and enhanced
as well as validated in practice.” We investigate means of analyzing access in
ubiquitous environments, supported by the vision of Emiliani and Stephanidis [31,
p. 606]: “Universal access implies the accessibility and usability of information
technologies by anyone at any place and at any time”; supported by this vision -
we investigate means of analyzing access in ubiquitous environments.

Providing equitable access to contemporaneous technologies contributes
to an inclusive society. According to the [6], an inclusive society must support
every individual equally, enabling their full participation in social, economic, and

5 Socioenative Systems: Investigating New Dimensions in the Design of Interaction Mediated by
Information and Communication Technologies (FAPESP #2015/16528-0).
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political life; accessibility should be flexible enough to suit the individual’s needs
and preferences [6]. Thus, “(...) accessibility requirements still need to be
mainstreamed in the planning and creation of any place, space, item, or service.
This will not only ensure equal access for persons with disabilities but will also
benefit all members of society” [6, p. 13]. Our investigation explores the concepts
involved in providing access in ubiquitous scenarios, cooperating with the
sustainable development agenda [35].

Considering the variety of potential interactions within ubiquitous
environments, we investigated publications dealing with different technologies of
ubiquitous computing, different needs of users, and formal standards and
principles regarding accessibility and universal design. As such, our related work
analysis is centered on research that covers one or more of the following items
that are directly linked to our concerns: 1) contemporary technologies explored in
the context of users with disabilities; 2) analysis of formal standards and
principles related to access and their application within contexts of contemporary
technologies; and 3) social impact of those research efforts. The research
described in [4],[39] and [40] refer to items (1) and (3), while [27] concern itens
(1) and (2), and [24], [26] focus on (3). These publications illustrate our three
criteria and provide a basic overview on our subject. We now proceed to discuss
each of these references in detail.

Liao et al. [4] discuss ubiquitous environments challenges and
contributions for a “Smart Ward” - a real-world smart ward interactive installation
that ran for over six months in the National Taiwan University Hospital. This
ubiquitous environment disposes sensors and actuators in a ward to monitor
patients’ health status. Different status data involved bed situations (e.g., lying,
turning, sitting, leaving), bathroom situations, and social engagement. Social
situations contribute to the patient’'s mental health and involve interactions
between patient and caregivers, with or without the mediation of objects. All data
collected generated reports to the medical team. Although this installation does
not aim to reach accessibility directly, we identify a diversity of patients who can
have access and interact with it (e.g., elderly patients, people who are disabled

or with disabling conditions).
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Social relations emerge in human beings from childhood. Playfulness in
childhood contributes to these social relations. Children with some disability might
have their playfulness development affected. Gardeazabal and Abascal [39]
investigated the use of robots to enhance playfulness and the benefit of free play
to children with Cerebral Palsy (CP). Children with CP may have motor
impairments that affect the use of typical toys. The findings included the
acquisition of decision-making, mental and logical development, physical
relationships, comprehension, creativity, and other abilities expected in
adulthood. Also, the authors analyzed a set of studies that aimed to enhance the
playfulness of children with different types of robots. Finally, they proposed a
high-precision robot manipulator system for children with limited motor function

to promote engagement in free play [39].

Smart houses are yet another example of the use of ubiquitous computing.
Cozza et al. [40] investigated smart houses and proposed a framework to guide
the design for older adults, based on a literature review among publications in the
Pervasive and Ubiquitous Computing journal. They found that the solutions
designed are typically based on negative stereotypes of this group.
Consequently, their framework guides the design based on three crucial
dimensions: paradigm, user, and context. They divided the paradigm dimension
into functional, sociotechnical, and hybrid. The user dimension refers to the user’s
involvement in an informative, participative, or consultative role. The context
dimension covers indoor and outdoor environments. The framework was used to
analyze a smart home for older adults and includes a reflection on user needs

while focusing on positive stereotypes.

Goncgalves et al. [27] conducted an exploratory study of accessibility in
pervasive and ubiquitous systems to elicit existing guidelines of accessibility,
existing standards, and technical solutions. Based on an analysis of 10 years of
scientific publications, the authors presented accessibility challenges in
ubiquitous environments and showed the functional models that include users
with disabilities in pervasive scenarios. They organized these publications
according to WCAG (Web Content Accessibility Guidelines) principles and
impairment categories (visual, hearing, cognitive, and motor impairments).

Findings include the lack of generic solutions to cover all kinds of disabilities,
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whereas solutions aim at specific disabilities. Guidelines for accessibility in
contemporaneous computing technologies, such as mobile computing, loT,
ubiquitous computing, and enactive systems are pointed by these authors as

missing [27].

Dos Santos et al. [41] and Dos Santos [26] previously investigated the
evaluation of socioenactive scenarios; the authors presented a case study
investigating the use of the UD and Natural User Interfaces (NUI) in a hospital
scenario [41]. Their findings resulted in an analysis of the use and limitations of
UD and NUI and a set of recommendations for evaluating socioenactive
scenarios. Dos Santos [26] extended this research to create guidelines to
evaluate the socioenactive system dimensions of Coupling, Autonomy,
Embodiment, Emotional, and Social, based on applicable NUl and UD. The
guidelines are organized in two parts: the first part of the instrument contributes
to an overview of the dimension coverage in a socioenactive system. The second
part of the instrument contributes to evaluating universal design through the

concepts of a selected dimension.

Although relevant to our research, the works of Gongalves et al. [27], Dos
Santos et al [41] and dos Santos [26] evaluate the level of principles of formal
standards, without going deeply into the respective guidelines and success
criteria. Moreover, neither WCAG nor UD, taken separately, are enough to allow
appropriate evaluation of ubiquitous environments. Our research, on the other
hand, analyzes both jointly, thereby being able to detect gaps that must be filled
to appropriately assess access in these environments. By the same token, the
works that address the use of contemporaneous technologies by people with
specific needs - e.g., Liao et al. [4], Gardeazabal and Abascal [39] and Cozza et
al. [40], are valuable as they address distinct situations (hospitalizations,
playfulness, aging process); nevertheless none of them evaluate or provide an
evaluation instrument to identify lack of access in the installations.

Our analysis of related work indicates the need of an instrument to
evaluate ubiquitous environments that does not focus on specific disabilities,
technologies, or situations, but that should encompass the greatest possible

diversity of situations found in these environments. Moreover, this instrument
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should draw on what we have already learned from both UD and WCAG,

adjusting them to evaluate access in ubiquitous scenarios.

In previous work, we conducted a preliminary investigation [12]on the
Seven UD Principles [37], the four principles of WCAG 2.1 [38], and the United
Nations Good Practices of Accessible Urban Development - GPAUD [42]
regarding their suitability to evaluate accessibility in ubiquitous environments. Our
results revealed that each of these instruments is geared towards one specific
set of factors. The GPAUD Principles contribute to identifying and removing
physical barriers to the environment, although they are not sufficient to cover all
the ubiquitous computing technology which surrounds the environment. UD
Principles contribute to the evaluation of the approach to the physical
environment. WCAG principles contribute to evaluating accessibility but need to
be adapted from the Web to the ubiquitous paradigm. Our findings also revealed
the need to clarify and further investigate ways of assessing ubiquitous
environments (e.g. sensors and actuators). These findings led us to a preliminary
study, published in [15], which is extended in this paper with a thorough
presentation and analysis of UbiAccess, its application and aspects still to be

improved.

2.3 Methodology

In this work, we extend our preliminary work [15] by dipping into the
guidelines of Universal Design [37] and the success criteria of WCAG 2.1 [38] as
a basis for designing an instrument for analyzing access in ubiquitous
environments. Figure 2-1 provides an overview of our research methodology. The
arrows represent the main methodology steps, outputs of each step are in the
double rectangles, and the artifact UbiAccess, our main contribution, is singled
out in green rectangle with corner cut diagonally.
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Figura 2-1 : Methodological steps followed in the Research

As shown in Figure 2-1, we started by conducting an analysis of UD [37]
and WCAG [38] guidelines and success criteria to identify their suitability
concerning ubiquitous environments (arrow named Analysis in Figure 2-1). Then,
we grouped the applicable guidelines and success criteria according to their
evaluation objective (e.g multimedia resources). We analyzed the list resulting
from the previous step to revise, interpret, group, and generate recommendations
towards our evaluation instrument. After this, we identified areas related to
ubiquitous environments. As a result, we created the UbiAccess instrument
consisting of areas and recommendations to evaluate access in ubiquitous
environments. This instrument was used in a case study, to evaluate access in
two installations. The case study provided an evaluation of the conformity of the
installations to the instrument guidelines, and an extent of its coverage to relevant
aspects of ubiquitous environments. UbiAccess is presented in section 4. The
analysis of the results of applying UbiAccess in the case study are also discussed
as feedback to improve the instrument itself.

2.4 Building UbiAccess - An Instrument To Analyze Access In Ubiquitous

Environments

As mentioned before, UbiAccess is an evaluation instrument generated
from the analysis and interpretation of guidelines from the UD [37] and the WCAG
2.1 [38] success criteria as to their suitability for ubiquitous environments. Our
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suitability criteria considered ubiquitous environments concepts as proposed by
Weiser [1], [2], [3], as discussed in Section 2. Under these criteria the only UD
guideline not completely aligned with the ubiquitous paradigm seems to be
guideline 5D: “Discourage unconscious action in tasks that require vigilance”.
This unsuitability derives from the fact that completely discouraging tasks that
require conscious vigilance seem not to fit well in the underlying aims of
ubiquitous systems’ transparency. The other 3 guidelines of this same principle
(5A, 5B, 5C) are all covered by our instrument. Regarding WCAG, we identified
45 unsuitable success criteria, which are focused on the web paradigm: 1.3.1-25,
1.3.5-6,1.4.2,1.4.13,2.1.1-4,2.2.1-2, 2.2.4-6, 2.4.1-5, 2.4.7-9, 2.5.1-6, 3.1.1-2,
3.2.1-5, 3.3.1-6, and 4.1.1-3. Having discarded from UD and WCAG all that were
not suitable to ubiquitous environments, the remaining guidelines and success
criteria  became recommendations in UbiAccess. We re-organized these
recommendations in five groups (which are called areas in UbiAccess):

e Environment (EN) - physical environments and their surroundings.
e Information (IN) - content and information.

¢ Multimedia Resources (MR) - text, audio, and video resources.

e Personal (PE) - personal needs and preferences.

e Security & Privacy (SP) - security, safety, and privacy.

Figura presents these five areas covered by UbiAccess, with the
corresponding percentage coming from Universal Design and WCAG. Universal
Design covers Environment (92%), Personal (86%), and Security & Privacy
(100%) areas better. WCAG is more representative in information (57%) and
Multimedia Resources (87%).

6 1.3.1-2 means 1.3.1through1.3.2.



39

U.D. - 100% r_ _} uD.-92%
WCAG - 0% | ! | |  WCAG-8% |
Security
& Environment
Privacy (EN)
(SP)
o ™ Personal Information 7 \
| UD.-86% 1\ (PE) (IN) 1 UD.-43%
| WCAG - 14% * T WCAG-57% '
]

Multimedia
Resources
(MR)

'
s S e ~

1 U.D.-13% i
WCAG - 87%

Figura 2-2: UbiAccess areas and percentage of coverage by Universal Design and
WCAG.

Table 2-1 presents UbiAccess, which covers 37 recommendations
organized according to their area (ID) and the corresponding UD and WCAG
References. As shown in the Table, there are 12 recommendations under
Environment, 7 under Information, 9 under Multimedia Resources, 5 under
Personal and 4 under Security & Privacy. As presented in the Reference column,
ten recommendations (EN11, MR1, MR2, MR3, MR6, MR7, MR8, PE3, and PE5)
emerged from the combination of different guidelines and success criteria, while
Recommendations EN4, EN5, EN12, MR4, MR14, and PE1 were adapted from
their original references to become suitable to ubiquitous environments. For
instance, PES5 results from creating and adapting a combination of UD 2D and
WCAG 2.2.3, while PE1 adapts UD 2A to ubiquitous environments. We present
UbiAccess as a table to show their origins and allow checking yes-no by the
evaluators. Moreover, the tabular organization facilitates the evaluators’ task of
conformance assessment. We adopt the W3C definition of conformance, namely,
“Conformance to a standard means that you meet or satisfy the 'requirements' of
the standard™. After going through all the 37 recommendations, the evaluator will

7 https://www.w3.0org/WAI/WCAG21/Understanding/conformance , accessed on May 31st, 2022.
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have a list of conformances to recommendations and shortcomings in the

scenario.

We now proceed to show how UbiAccess can be used in assessing an

ubiquitous computing environment (section 5.3.1); in what follows, an evaluation

of UbiAccess itself is presented (section 5.3.2).

Table 2-1: The UbiAccess evaluation instrument, in which recommendations are

grouped according to their area

ID Recommendation References (Connell,
et al., 1997) (W3C,
2018)

ENA1 Provide the same or equivalent means of use: identical UD 1A
whenever possible.

EN2 Avoid segregating or stigmatizing any users. ub 1B

EN3 Make the design appealing to all users. ub 1D

EN4 Provide effective responses and feedback to the users’ actions. UD 3E

EN5 Provide adequate space to make free body movements and UD 6A
actions.

EN6 Provide reasonable use of operating forces. uD 6B

EN7 Avoid requiring repetitive actions. uD 6C

EN8 Avoid requiring sustained physical effort. uD 6D

EN9 Provide a clear line of sight to important elements for any seated UD 7A
or standing user.

EN10 Make reach to all components comfortable for any seated or UD 7B
standing user.

EN11  Provide adequate space and compatibility with assistive devices UD 7D, 4E
or assistance.

EN12  Affordances should be perceivable and understandable by users WCAG 1.3.3
with different sensory characteristics.

IN1 Eliminate unnecessary complexity. uD 3A

IN2 Accommodate a wide range of literacy and language skills. uD 3C

IN3 Arrange information consistent with its importance to the users.  UD 3D

IN4 Avoid using unusual or restricted words, such as jargons or WCAG 3.1.3
idioms.

IN5 Include the extended form of abbreviations. WCAG 3.1.4

IN6 Provide supplemental content when a text requires more WCAG 3.1.5
advanced reading than the attending audience can cope with.

IN7 Make the meaning of ambiguous words clear in the context (e.g., WCAG 3.1.6
pronunciation, word written form, etc.).

MR1 Use different modes (pictorial, verbal, tactile) for redundant UD 4A, 4C, 4D;
presentation and favoring maximum “legibility” of essential WCAG 1.1.2
information.

MR2 Provide adequate contrast between essential information and its UD 4B; WCAG 1.4.3,
surroundings (e.g., color contrast for image, text, sound 1.4.6-7,1.4.11
background volume for audio).

MR3 Audio or video content has redundant presentations: audio WCAG 1.2.1-9
description, subtitles, sign language interpretation, and media
alternatives for text or time-based media.

MR4 Color is not the only visual means of presenting or distinguishing WCAG 1.4.1
information.

MR5 Provide native resizing for multimedia without the loss of content WCAG 1.4.4
or functionality.

MR6 Images of text should have a text option available unless a WCAG 1.4.5,1.4.9

particular text presentation is essential inside the image (e.g.,
logotypes, etc.).
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MR7 Arrange text content in adequate visual presentation: reflowing, WCAG 1.4.8, 1.4.10,

text spacing, headings, labels, and sections. 1.4.12,2.4.6,2.4.10
MR8 Animation content should not flash over three times in one WCAG 2.3.1-3
second.

MR9 Avoid restricting content view and interaction to specific WCAG 1.3.4
orientations (portrait or landscape) unless a specific display
orientation is essential.

PE1 Provide choice in methods of exploration. UD 2A

PE2 Be consistent with user expectations and intuition. uD 3B

PE3 Accommodate right/left-handed and variations in hand and grip UD 2B, 7C
size to access/use.

PE4 Facilitate the user’s accuracy and precision. uD 2C

PE5 Provide adaptability to the user's pace and avoid timing as UD 2D; WCAG 2.2.3
essential for interaction.

SP1 Provisions for privacy, security, and safety should be equally UD 1C
available to all users.

SP2 Arrange elements to minimize hazards and errors: most used UD 5A
elements, most accessible; hazardous elements eliminated,
isolated, or shielded.

SP3 Provide warnings of hazards and errors. uUD 5B

SP4 Provide fail-safe features. UD 5C

2.5 A Case Study On Access Analysis Through The Ubiaccess Instrument

2.5.1 Context and Participants

The case study evaluates data recorded and collected from the experience
with two interactive installations exhibited at the Exploratory Science Museum of
the University of Campinas - Unicamp (Campinas, Sdo Paulo, Brazil). These
installations were developed within the context of the Socioenactive Systems
Project®. Our research was approved by the Ethics Committee of our institution
under the ID CAAE 72413817.3.0000.5404.

The installations provide different interaction possibilities (proximity,
touch, sound, visual) to be evaluated by UbiAccess. Participants had previously
registered to join the exhibition, as required for the activities offered by the
Museum. The audience of both exhibitions had boys and girls with ages between
7 to 12, accompanied by their parents. Although the exhibitions were public and
open, no participant with disabilities joined them. We used UbiAccess to evaluate
the Temporario [16] and Memocéao [13] installations regarding their access
compliance to the UbiAccess areas as shown in Figura . These installations and

the corresponding access data had been collected in previous research and were

8 Socioenative Systems: Investigating New Dimensions in the Design of Interaction Mediated by
Information and Communication Technologies (FAPESP #2015/16528-0)
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made available to us. A detailed description of the exhibitions, how they were
constructed, and the data collected appears in (Duarte et al., 2019; Duarte,
Mendoza, & Baranauskas,2020). These studies involved the interaction of these
children and adolescents with the installations. All parents and children signed
forms of Informed Consent, through which they consented to have the data
collected and analyzed for research purposes. These forms strictly follow
institutional and national legislation on experiments that involve collecting and

analyzing data from human participants.

Temporario was part of the exhibition “An Experience of Deep Time” held
in 2019. This installation received a group of 25 participants: 15 children and their
parents. A display with a camera played an educational video about the concept
of Deep Time®. Participants were grouped around the display to explore and play
with the installation, and whenever they approached the artifact, playback speed
changed. Additionally, emoticons in the display corner were exhibited according
to the number of people around the installation. A webcam and a proximity sensor
identify the number of people watching the video. Children perceived not only that
the playback speed changed as they approached it, but also the emoticons
displayed. Participants talked with each other about the video and how their
presence changed the displayed information. Figura 2-3 (left) shows how children
play with their bodies hiding and seeking at the installation. Besides increasing
and decreasing the playback speed, the installation receives a gray-scale filter if
nobody watches it and the video rewinds. When someone approaches the
installation, or the video reaches its end, the artifact returns to its initial state. The
video is narrated in English, with subtitles in Portuguese, the native language of

the participants.

9 Deep Time video: https://www.youtube.com/watch?v=5TbUxGZtwGl, accessed on May 31st,
2022.
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Figura 2-3: (left) Temporario — children hiding from the installation; (right) Memocao
- a child interacting while being observed by a peer and parents.

Memocgéo (Figura 2-3 - right) was exhibited at “The Magic of Science”
workshop held in 2018. Fifteen children and adolescents joined the exhibition.
Some parents could also observe and take part. The installation has a set of six
textures placed inside a black box. Participants explored the textures inside the
box, experimenting with the emotions these evoked. A hidden button is pressed
when it identifies the tactile contact. The set of related texture- emotion,
presented in Figura 2-4 a) are: 1) sandpaper - sadness, 2) cotton - felicia'®, 3)
foam - happiness 4) slime - disgust, 5) cloth - love, and 6) velcro - anger. When
a texture is pressed, a display presents an internet meme image (Figura 2-4 b
and c) and a sound evoking emotion related to the texture. Participants played
with the installation, laughed, and talked to themselves about the textures and
the memes. A collection of 10 memes and two sounds for each texture created a
non-repetitive experience. Figura 2-3 (right) shows a girl with her hand touching
the texture inside the box, and a parent and a boy observing the installation.

10 “felicia” refers to the behavior of the character Felicia of Tiny Toon Adventures, from Looney Tunes. According to the
dictionary, the definition of felicia is: “a female given name: from a Latin word meaning ‘happy.’ Retrieved from
https://www.dictionary.com/browse/felicia on June 26", 2022.
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Figura 2-4: a) - Memocao textures; b) memes representing the emotion of anger; c)
memes of happiness.

2.5.2 Method and Procedures

Our case study concerns using UbiAccess to evaluate access in
Temporario and Memocao. As such, UbiAccess was applied to the data collected
in 2018-2019 during the interaction of the participants with the exhibitions. The
person who conducted the case study is one of the authors of this paper, but was
not part of the group that directly worked with the participants and collected data.
Thus, the evaluator'' did not participate in the design of the exhibitions nor in the
data collection itself. Initially, the evaluator watched the video recordings of the
interaction of the participants with Temporario and Memocgé&o. Next, the evaluator
verified the conformance of each installation with respect to UbiAccess
recommendations, producing, for each installation, a list of conformance/non-
conformance items. When a given point was not clear in the video recordings, the
evaluator discussed it with people who participated in the data collection. The
final conformance list appears in section 5.3. Conformance results were
transformed in percentages over the number of recommendations in each area,
to allow comparison. These percentages were then plotted in the radar chart of
Figura 2-5, thus allowing a better overview of the coverage of each installation
with respect to access in ubiquitous environments as measured by UbiAccess.

2.5.3 Preliminary Results

2.5.3.1 Evaluating access through UbiAccess

Analysis of access in the Temporario and Memocgéo installations using
UbiAccess is summarized in Table 2-2, which presents the conformance and non-
conformance results for each installation. The Table shows that both installations

1 The "evaluator" is one of the co-authors of this paper who applied UbiAccess to the data collected, who, together with
2 other co-authors, analyzed its suitability to assess interaction in ubiquitous environments.
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met and missed the recommendations in the same percentage values, except in
the Information (IN) area in which (Memocgéo) fully met conformance
recommendations, while the other (Temporario) did not meet IN2 . In Personal
(PE) and Security & Privacy (SP) areas, Temporario and Memocao achieved full
conformance (100%) on the recommendations. In the Environment (EN) area
both installations missed EN11 and EN12 recommendations. We also point out
that in Multimedia Resources (MR) both installations present the same
conformance percentual, but over a different set of recommendations - one
missed MR1 and MR8, and the other missed MR1 and MR7. The rest of the table

can be interpreted in the same way.

Table 2-2: Conformance evaluation results for the installations

UbiAccess . Conformance Non-Conformance o
Area Installation Recommendations Recommendations | Conformance %
. - EN1,EN2,EN3,EN4,EN5,EN6 o
Environment | Temporario 'EN7.ENS,EN9,EN10 EN11, EN12 83.3%
. ~ EN1,EN2,EN3,EN4,EN5,EN6
Environment Memocgao 'EN7.EN8,EN9,EN10 EN11, EN12 83.3%
Information Temporario IN1,IN3,IN4,IN5,IN6,IN7 IN2 85.7%
Information Memocéao IN1,IN2,IN3,IN4,IN5,IN6,IN7 - 100%
Multimedia L MR2,MR3,MR4,MR5,MR6,M
Resources Temporario R7.MR9 MR1, MR8 88.9%
Multimedia MR,
R Memocao | MR2,MR3,MR4,MR5,MR6,M MR7, MR8 88.9%
esources RO
Personal Temporario PE1,PE2,PE3,PE4,PES - 100%
Personal Memocéao PE1,PE2,PE3,PE4,PE5 - 100%
SSC.“”W & | Temporario SP1,SP2,SP3,SP4 i 100%
rivacy
Security & | \1omocao SP1,SP2,SP3,SP4 i 100%
Privacy

The radar chart presented in Figura 2-5 shows the conformance levels of
the installations in each area, graphically reproducing Table 2-2. Both
installations were developed in an HCI design project conducted within an MSc
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program in Computer Science (Duarte et al., 2019; Duarte, Mendoza, &
Baranauskas, 2020), in which all students of the program had been exposed to
Universal Design Principles. As a consequence, both installations had a
recognizable concern towards access, which might explain their good
conformance level as presented in the radar chart (Figura 2-5).

Environment
100%

90%
sg,%»‘A*-..,:)
L T0%
60%
50%
40% e
Security & Pri\!acy&"/ i g Information
E 20% B
10%
0%

\

-4+ Temporario

&+ Memogao

Personald™" Multimedia Resources

Figura 2-5: Radar chart from the case study results.

Although both installations reached conformance levels above 80% in all
UbiAccess areas, evidencing a good access result, there are still issues to be
improved. Table 2-3 details where each installation did not have conformance
with UbiAccess recommendations. The installations have 3 recommendations in
common in which they do not achieve conformance: EN11, EN12 and MRS,
respectively improving access to blind or visually impaired people (EN11 and
EN12) and deaf or hearing-impaired people (MR7). Temporario did not achieve
conformance in two additional recommendations: IN2 and MR1, respectively
improving overall access, and improving access to deaf or hearing-impaired
people. Memocgcdo missed conformance with an additional recommendation,
MRY7, also related to the hearing impaired.
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Table 2-3: Temporario and Memocao missing conformance aspects

ID Temporario Memocao
EN1  Provide screen readers compatibility in the Provide screen readers compatibility in the
1 display. display.
EN1  Make the timeline perceptible to blind Make the internet memes images
2 people. perceptible to blind people.
IN2 Provide video narration in the native -
language of the country that hosts the
artifact exhibition.
MR1 Provide an audio description and sign -
language translation.
MR7 - Provide an audio description for the meme
sound.
MR8 Provide sign language interpretation in the Provide the corresponding sign language

native language of the country.

signal for the presented meme.

As anillustration, Memocé&o displays a couple of internet images of memes
(and a corresponding sound). However, it does not provide screen readers
compatibility in the display (EN11) resulting in difficulty for a blind user who
cannot understand the meaning of the meme by only touching the texture and
listening to the sound. Memocgéo should display the image meme and also the
audio description and the sign language signal for the meme sound to achieve
conformance in MR7 and MR8. Again, as an illustration, although Temporario
displays subtitles, it only covers the narration of the video, and it does not narrate
the video sounds. Adding audio description in the installation improves access to
deaf people (MR8).

2.5.3.2 Evaluating the instrument

After data with UbiAccess

recommendations, we also evaluated situations not covered by UbiAccess.

analyzing interaction respect to
UbiAccess could not evaluate the following interaction sources regarding the
Environment area: sensors and actuators responses, full-body interactions,
embedded technology, embodiment, lights, vibration, sound effects, tactile
interaction sources, physiological data, movement/motion capture, presence,
voice, or noise sounds. Similarly, personal values, emotions, gender and culture
are not covered in the Personal area. Likewise, the area of Security & Privacy
should cover user consent regarding stored or collected information. As a result,
when it comes to ubiquitous scenarios, UbiAccess still needs additional
recommendations concerning Environment, Personal, and Security & Privacy

areas, to address interaction with the environment based on sensors and
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actuators. As an illustration, Temporario allows specific interactions (e.g. full-
body interaction, movement/motion capture, presence) that could not be
evaluated by UbiAccess. Moreover, the tactile interaction of Memocgéo texture
was also not covered. To illustrate this point, users interact with Memocéao by
pressing the textures inside a black box with a small opening for people to put
their hand inside. It is unlikely that blind people would discover this on their own,
since there are no instructions of any kind beyond visual cues. A Braille note
outside of the box or an audio instructing the visitor would be helpful to provide
access to these users. UbiAccess should contain an additional recommendation
able to evaluate the relations of the physical (black box) and the digital (data from
touching sensors).  Again, as another illustration, privacy awareness (and
privacy-related access patterns) would have increased in Temporario if users had
been told that the installation’s camera was collecting and storing information.
Consequently, a recommendation to support the user consent regarding storing

or collecting information is also necessary.

Summing up, the studied scenarios presented different interaction
possibilities not covered by UbiAccess. To support these kinds of evaluation, the
instrument needs additional recommendations to cover the tripartite coupling of
the social (e.g. Memocé&o evoking of emotions), the physical (e.g Memogé&o sound
effects ), and the digital (e.g Temporario user consent for collection). New in-
depth studies to identify new recommendations to support the gaps presented in
this section and the study applied to new scenarios are necessary to provide the

missing features.

2.6 Synthesis and Discussion

This section synthesizes our findings and discusses our research

questions based on UbiAccess and our case study.

This research investigated the use of UD and WCAG guidelines and
success criteria to support the analysis of ubiquitous computing scenarios.
Although previous research [12] has shown the suitability of the Principles of UD
for ubiquitous environments considerations, results of this work have shown that

the adequacy of guideline (5D) is debatable in our research scenario of ubiquitous
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environments. Furthermore, four guidelines (2A, 3E, 4D, and 6A) had to be
adapted to fit the ubiquitous paradigm of interaction (e.g., changing the ‘use’ by
the term ‘explore,” which is more appropriate for an ubiquitous installation).
Similarly, the WCAG, which is organized in principles synthesizing guidelines,
which present success criteria, also showed shortcomings in the analysis of

access in ubiquitous environments.

Through analyzing WCAG, we discovered that three guidelines are entirely
suitable (1.1, 1.2, and 2.3), five guidelines are not suitable (2.1, 2.5, 3.2, 3.3, and
4.1), and five guidelines are partially suitable (1.3, 1.4, 2.2, 2.4, and 3.1). After
analyzing WCAG Principle “4 - Robustness” to compare previous unsuitability
results [12] under the perspective of its single guideline (4.1) and its three
success criteria, we concluded that the entire Principle 4 is not suitable to the
ubiquitous paradigm because its success criteria apply only to the web paradigm.

Our detailed analysis of the formal standards also revealed similar goals
common to the Universal Design guidelines and WCAG success criteria. As a
consequence, we placed them together in UbiAccess, resulting in three

situations:

1. The merge of Universal Design guidelines (Recommendations E11
and P3);

2. The merge of WCAG success criteria (Recommendations MR3,
MR6, MR7, and MR8);

3. The merge of Universal Design guidelines and WCAG success
criteria (Recommendations MR1, MR2, and P5).

Our research aimed to answer two questions: RQ1) To what extent is the
access in ubiquitous computing environments considered by formal accessibility
and universal design standards? Our findings show that both analyzed standards
(WCAG and UD), when taken together, cover a wider variety of ubiquitous
computing interactions possibilities. Whereas Universal Design focuses more on
Environment aspects and WCAG focus on Web resources, their combination
strengthens the evaluation of access in ubiquitous environments. The case study
using UbiAccess on two installations (Temporario and Memoc¢ao) has shown

compliance with some conformance requirements coming from WCAG and from
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UD. As an illustration, Table 2-2 describes access gaps in the installations
revealed by UbiAccess. However, as presented in Section 5.3.2, some interaction
aspects of the scenarios remained uncovered, especially those related to
personal aspects, body movements, sensors, and actuators. New investigations
to support recommendations to Environment, Personal and Security & Privacy

areas are necessary.

Despite cultural issues found inside WCAG, the cultural the milieu of a
person remained uncovered by the instrument. To explain it, the success criteria
3.1.5 — “Reading level” refers specifically to “lower secondary education level” to
point out a reading ability level. However, this level changes according to the
country’s social conditions. Consequently, we adapted the derived
recommendation to better cover different social situations and different ubiquitous
environments target audiences: “IN6 - Provide supplemental content when a text
requires more advanced reading than the attending audience can cope with”. As
an illustration, this guideline evaluated both installations of our case study

scenarios regarding our audience age and reading level.

The UbiAccess instrument allowed us to identify that Memocao and
Temporario handled all the Personal and Security & Privacy access
recommendations. Both installations presented over 80% of coverage in
Environment, Information and Multimedia Resources areas. UbiAccess allowed
us to identify, for instance, that the installations provide the same or equivalent
means of use (EN1); facilitate the user’s accuracy and precision (P4), and have
adequate contrast between essential information and its surroundings (MR2).
Nevertheless, UbiAccess could not help us to verify if Memocéo tactile sensors
provide equitable access for instance. Considering the uncovered issues
revealed by the scenarios, we concluded that WCAG and UD partially encompass

access in the studied scenarios.

Let us now consider RQ2) What are the key challenges in designing and
implementing an instrument to evaluate access in socioenactive ubiquitous
environments? Through this case study, we identified missing aspects in
UbiAccess, presented in section 5.3.2. The key challenge we identified through
these missing aspects is the diversity of interaction possibilities and how to cover
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it. Moreover, environmental aspects related to ubiquitous computing
technologies, such as tactile, full-body interactions, movements, tactile
interaction, to name a few, still need to achieve better coverage of UbiAccess. As
we could observe in the case study, Temporario had a proximity sensor not
covered on the evaluation. Could blind children make sense of the installation
and play hide and seek like the other children as in Figura 2-3 - left? Could a
deaf child make sense of the speed timeline changing and how does the
presence of human beings affect the environment? The combination of different
possibilities on the Physical, the Digital and the Social creates an unpredictable
and unique interaction which challenges the evaluation of access. Furthermore,
the fourth challenge we propose in the introduction: “to provide access in
ubiquitous environments to everyone without discrimination, which leads us to
question how to design and evaluate access, considering the ubiquitous
environments paradigm” could be analyzed through our case study. Indeed,
UbiAccess allowed us to identify shortcomings in access in ubiquitous
installations. Although the challenge of technology diversity seems to be too vast,
if it is investigated in each area new possibilities for coverage will appear.
Personal values, gender, emotions, and culture are new aspects identified to
extend UbiAccess. Future in-depth investigations should reveal if they really
belong to the Personal area or if they will fit in a new area, such as Social. To
illustrate this point, Memocao textures would evoke emotions. How can we
evaluate if participants could make sense of the emotions? Also, how can gender
impact the access of the interactions? How can a design be accessible and not
offend personal values, religious beliefs? All these questions are related to the
Social aspect of socioenactive systems. As the tripartite coupling influences one
another, if the Social has an access gap, consequently the Digital and the
Physical will be affected too.

An analysis of the artifacts using UbiAccess suggests that redundancy to
present information increases access, as we can see in Memocgado, which
associates textures, images, and sounds to evoke the emotions. Moreover,
considering the native language of the country to create an interactive exhibition
also contributes to access. Participants were of different ages and,
understandably, had different reading skills. Although Temporario made available
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Portuguese subtitles for the English video narration, some participants reported
annoyance at using the non-native language on the audio because of the difficulty
some children had with keeping up with the reading pace.

Additionally, Security & Privacy has been discussed worldwide and new
laws are being developed in many countries. Thus, the SP area better coverage
on storing information and procuring user consent. As ubiquitous environments
can collect and process pictures, videos or physiological data, users might feel
insecure and even unaware of how data collected from them will be used.
Insecurity can reduce access as the user might not feel comfortable to enjoy and
interact with the installation. Recommendations should in some way deal with

collected data and anonymization to assure users’ privacy.

Analyzing UbiAccess from the perspective of the tripartite coupling of
Social-Physical-Digital elements, the Digital is represented by Multimedia and
Information areas, while Personal and Environment areas cover the Physical
aspects. In contrast, Security & Privacy regards mostly the Physical and Digital
coupling. The Social part of the tripartite coupling remained mostly uncovered.
Evaluating the social dimension of interaction and its influences on access

considering the tripartite coupling remains open to deepen the investigation.

Also, W3C is working on the WCAG 3.0 Draft'?. Differently from version 2,
WCAG 3 will be named as “W3C Accessibility Guidelines” and it intends to cover
new technologies such as wearables and also including more needs of people
with cognitive disabilities. Indeed, new guidelines and success criteria regarding
wearable technology would be helpful in the current analysis and could benefit
ubiquitous environments and enhance the possibilities of evaluation.
Nethertheless, wearable is just one of the technologies of ubiquitous computing
while others (e.g. Tangible) might remain uncovered. Additionally, as we
identified in this research, the combination of UD and WCAG benefits access in
ubiquitous environments more than if only one of the standards is considered.
Until the moment we wrote this paper, W3C had not published the WCAG 3 stable
releasing date. Meanwhile, we investigated the latest WCAG stable version (2.1).

12 https://www.w3.org/WAl/standards-guidelines/wcag/wcag3-intro/ accessed on June 2, 2022.
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Despite the successful use of UbiAccess in our case study, some
limitations in this study still exist to be faced. Although all the Museum exhibitions
are open to everyone, no disabled persons joined the experience, which would
have provided a more in-depth analysis of interaction for all. Nevertheless, we
still intend to have people with disabilities among the participants of future
exhibitions. On the one hand UbiAccess has proved itself capable of evaluating
ubiquitous scenarios, on the other hand the richness of these scenarios deserves
further investigations to comply with the instrument improvement. UbiAccess at
the point of this research can be seen as a preliminary result to be extended in
the continuity of our research. We indeed want to investigate new scenarios and
enlarge the coverage of the instrument considering the findings of this research.

2.7 Conclusion and Further Research

Considering the lack of standardized worldwide principles focusing on the
ubiquitous paradigm, in this paper, we investigated the Universal Design
Principles and WCAG 2.1 to verify whether they were suitable to socioenactive
ubiquitous environments. We concluded UD is adequate for covering physical
aspects of such environments, whereas WCAG is suitable for analyzing web-
based technologies involved in the scenarios of interaction. Thus, our work
resulted in UbiAccess, an instrument for evaluating access in these scenarios,
combining features from both UD and WCAG and extending them to ubiquitous
environments. UbiAccess seems to be a solution for the lack of instruments
capable of supporting the evaluation of access in ubiquitous scenarios. It was
applied in a museum case study to evaluate two installations on ubiquitous

environments: Temporario and Memogé&o.

UbiAccess has shown usefulness in providing a preliminary evaluation on
access in socioenactive ubiquitous scenarios. The five areas we elicited from
Universal Design guidelines and WCAG success criteria showed the need for
improving access in the two case study installations. Moreover, a reflection on
the studied scenarios revealed aspects not yet covered by UbiAccess, such as
embodiment, which still need further investigations. Furthermore, our research
revealed the need for a sixth area to be fully covered and explored by the

instrument: the Social area. While providing access in ubiquitous environments
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to everyone without discrimination is still an open challenge, this work and the
proposing instrument represent an invitation to our research and practice

communities to deal with it.

While waiting for the new release of WCAG 3.0 and analyzing the
coverage of ubiquitous environments through the addition of wearable
technologies, further research involves studying access, considering the social
dimension of the socioenactive tripartite coupling (Physical, Digital, Social), with
the addition of a Social area in UbiAccess. Further work should also deeply
explore the socioenactive tripartite coupling with case studies involving
participants who must benefit from access the most (e.g., people with disabling
conditions); this might reveal other uncovered aspects and lead to instrument

improvements.

Finally, socioenactive ubiquitous environments provide diverse
possibilities of interaction coupled with a variety of new technologies being
continuously released worldwide. These interaction possibilities deserve the
discussion of equitable access during the design and evaluation processes,
potentially contributing towards a more inclusive society.



55

Capitulo 3 - Interacao Remota no Aquarela Virtual: um estudo de caso
com crianca diagnosticada com TDAH

3.1. Introducao

Tecnologias contemporaneas tém ganhado espagco em diversos cenarios
do cotidiano. A computacao ubiqua permite novas formas de interacao, atraves
de sensores e atuadores interconectados e espalhados pelo ambiente,
proporcionando uma nova forma de interacao entre 0 humano e a tecnologia,
onde esta ultima faz parte do ambiente e nao se coloca como uma barreira social
entre as pessoas [2]. No contexto escolar, estas tecnologias podem melhorar a
aprendizagem dos estudantes, assim como despertar o0 interesse para o
aprendizado através de atividades ludicas, desafio imposto pelo ensino
remoto/hibrido causado pela pandemia do Covid-19. O isolamento social para
contencdo da propagacao do virus trouxe uma série de desafios na interacao
social escolar. Escolas tiveram que fechar as portas e adotar sistemas remotos
utilizando ferramentas de videoconferéncia para alunos de todas as idades sem

um preparo prévio.

Ambientes ubiquos, assim como a investigacdo dos aspectos sociais
envolvidos na interacdo, fazem parte das pesquisas contemporaneas de IHC,
criando diferentes paradigmas de pesquisa [43]. O design de solugdes
tecnoldgicas deve, idealmente, contribuir para ajudar na educacao e melhoria do
acesso das pessoas a tecnologia de maneira geral [44]. Dessa forma, avaliar os
artefatos tecnoldgicos significa ndo somente olhar para o propésito almejado no
design, mas também o ambiente e os aspectos sociais, como as pessoas
interagem entre si e com a tecnologia [45].

Cenarios de computacao ubiqua que ja possibilitam grande diversidade
de interagao aliados ao contexto remoto, tornam-se um desafio a ser estudado.
Acrescente-se a este desafio a necessidade da busca do acesso equitativo,
independente das condi¢gées cognitivas, sensoriais ou motoras da pessoa. O
acesso universal esta presente entre os sete desafios de pesquisa na area de
Interacdo Humano Computador - IHC [8] é também um dos grandes desafios de
pesquisa no Brasil [46]. Dada a vasta possibilidade de interacdes, € preciso
investigar como essas tecnologias contemporéaneas (e.g. computagao ubiqua)



56

se comportam com relacdo ao acesso de todos [47]. Nesse sentido, as Nagdes
Unidas organizaram os SDGs da Agenda Sustentavel 20302 com o propdésito de
cooperacao para criar um mundo mais igualitario sob o lema "N&o deixe ninguém
para tras” (traducgédo livre). A agenda inclui 17 metas (goals) e 169 objetivos
(targets), onde a inclusdo esta presente nas metas 4, 8, 10, 11 e 17. Nesta
pesquisa colaboramos diretamente com a meta 4, por meio da promog¢ao da
inclusdo em atividades escolares remotas, e com a meta 10, por meio da

inclusao tecnoldgica e social.

Sistemas Socioenativos sado instancias de ambientes ubiquos que
possuem trés dimensodes interagindo e influenciando uma a outra: Fisico, Digital
e Social. A dimensao fisica abrange elementos como o ambiente, o préprio corpo
e o espaco fisico. A dimensao digital envolve softwares, interfaces de usuario e
as midias digitais. A dimensao social engloba a sociedade, as pessoas, a cultura,
valores, a intersubjetividade, entre outros [11]. O Projeto Tematico FAPESP
#2015/16528-0, trabalha no desenvolvimento do conceito de Sistemas
Socioenativos, do qual esta pesquisa faz parte. Devido ao isolamento social e
outras restricbes impostas pela pandemia do Covid-19, a equipe do Projeto
Socioenativo desenvolveu o sistema Aquarela Virtual [20], [48]-[50] visando
estudar os cenarios socioenativos dentro do contexto escolar infantil em formato

remoto.

O objetivo deste trabalho é investigar o acesso equitativo no uso do
sistema Aquarela Virtual, um sistema socioenativo remoto, utilizado em contexto
de oficina em pré-escola, que inclui uma crianga diagnosticada com Transtorno
de Déficit de Atencao e Hiperatividade - TDAH. O estudo utiliza como método a
Analise Tematica da oficina e como instrumento de avaliacdo de acessibilidade
o UbiAccess [15]. Como contribuicbes apontamos a avaliagdo de ambientes
ubiquos e uma visdo da completude do UbiAccess na avaliagdo desses
ambientes. Resultados apontam para aspectos sociais que precisam ser
considerados no sistema para um acesso equitativo. As perguntas de pesquisa
norteadoras deste estudo sdo: P1: Se e como o Aquarela Virtual promoveu a

13 SDG - Sustainable Development Goals: https://sdgs.un.org/goals , acesso em 07/09/2022.
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interacao social e o acesso equitativo?; P2: Quais sao os desafios para avaliar

0 acesso equitativo num cenario socioenativo remoto?

Este trabalho esta organizado da seguinte forma: a Se¢éo 2 apresenta o
dominio do problema e os trabalhos relacionados; na Se¢ao 3 descrevemos o
estudo de caso, com os materiais e métodos, contexto e participantes e os
principais resultados; na Secdo 4 a discussdo; na Secao 5 apresentamos a

concluséo da pesquisa e os trabalhos futuros.

3.2. Dominio do Problema e Trabalhos Relacionados

Segundo Stephanidis [32], o acesso universal possibilita que as
tecnologias da informacdo possam ser acessadas por qualquer pessoa em
qualquer hora e lugar. Considerando as necessidades dos individuos e os
cenarios contemporaneos de interagdo, € preciso que sejam desenvolvidos
métodos, técnicas e ferramentas que apoiem o design universal. Ambientes
inclusivos sao benéficos ndo somente para a pessoa com deficiéncia, mas para
todos que possuam necessidades motoras, cognitivas ou sensoriais

permanentes ou temporarias [32].

O termo acesso equitativo que utilizamos nesta pesquisa caracteriza-se
pela possibilidade da pessoa, independentemente de suas necessidades
especificas, ter acesso aos ambientes tecnologicos e ser capaz de fazer sentido
de uma experiéncia interativa. Quando ha acesso equitativo, a pessoa faz
sentido ndo somente do ambiente ubiquo, mas também da interacdo com os
outros participantes da experiéncia [15], [51].

Cenérios socioenativos contribuem para aspectos sociais como a
intersubjetividade, por meio de social cognition e parcipatory sense-making. O
primeiro envolve as habilidades de compreensao das acoes e intencdes do outro.
O segundo se refere ao modo como ndés compreendemos o ambiente ao redor
com e por meio das outras pessoas [11]. Segundo Caccefo et al. [52], trés
aspectos precisam ser considerados no design do Sistema Socioenativo: 1) As
affordances sociais oferecidas pelo cenario; 2) os aspectos intersubjetivos da

interacdo; e 3) os aspectos afetivos da interacdo. Como proposto por
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Baranauskas et al. [11], avaliar o acoplamento tripartite entre o Fisico — Digital —
Social € um topico de pesquisa ainda em aberto. Esta pesquisa contribui para a
avaliacdo dos sistemas socioenativos no contexto remoto de interagdo com o
estudo de um caso de crianga com TDAH. Segundo a Associa¢ao Brasileira do
Déficit de Atencao (ABDA), apenas 20% dos brasileiros com TDAH recebe algum
tratamento’. Tecnologias contemporaneas podem ser utilizadas para a

reabilitacdo neuropsicoldgica [53].

Como trabalhos relacionados, levantamos quatro estudos: [54],[55], [56],
[57]. O conhecimento sobre o design universal e a acessibilidade para elaborar
materiais didaticos por docentes em computacéao foi investigado por Sanderson
et al. [55]. O estudo envolveu a Analise Tematica de uma série de entrevistas
realizadas com os participantes na Pol6nia e Noruega. Dois temas principais
foram levantados: Theoretical Knowledge about Universal Design e Practical
knowledge about how to make learning materials accessible. Dos 35
participantes, 13 demonstraram algum conhecimento sobre o W3C-WCAG
(Diretrizes de Acessibilidade para Conteudo Web) e 18 conheciam algo sobre os
principios do Design Universal (DU). Os autores destacam a necessidade de
compreensao sobre 0 acesso universal entre os docentes, para que eles criem
materiais acessiveis para seus alunos, especialmente em relacdo as

necessidades trazidas pelo estudo remoto com a pandemia do Covid-19 [55].

Segundo Sonne et al. [56], o desenvolvimento de tecnologias assistivas
para criangcas com TDAH deve levar em consideracdo no design trés
componentes chave: sensing, assisting e recognizing. O estudo desenvolveu o
CASTT, uma ferramenta com tecnologia wearable integrada a um aplicativo de
smartphone que monitora atividades fisicas e fisiolégicas em tempo real para
ajudar a crianca a manter a atencdo. O estudo realiza uma avaliacdo da
efetividade da ferramenta, concluindo que tecnologias em tempo real baseadas
nestes trés componentes contribuem para o tratamento de criangas com TDAH.

Outro estudo envolvendo wearables investigou as tensdes envolvidas nas

notificagbes de um smartwatch com coleta de dados fisioldgicos para auxiliar no

14 https://tdah.org.br/apenas-20-da-populacao-com-tdah-e-tratada-no-brasil/ , acesso em
07/09/2022.
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tratamento de TDAH [54]. Os protétipos utilizaram o design participativo
envolvendo as criangas e seus responsaveis em workshops, grupos focais e
entrevistas. O smartwatch desenvolvido levantou 3 tensdes: atencao e distracao;
suporte ao controle emocional; e notificagbes perceptiveis para as criangas e
nao para os pais. O estudo concluiu a necessidade do envolvimento dos
participantes e levantou uma série de melhorias para o design destas
tecnologias.

O framework proposto por Sonne et al. [57] visa auxiliar os designers no
desafio de desenvolvimento de tecnologias assistivas para pessoas
diagnosticadas com TDAH. O framework € composto de duas dimensdes
conceituais com suas subcategorias: 1) Technological dimension (a) Manually
interacting with information and services; b) Automatically executing services
based on in-situ analysis of context information; e c) Capturing contextual data
for later retrieval); e 2) ADHD Challenges Dimension (a) Social disability; b)
Academic and occupational failure; c) Health problems and psychiatric
comorbidities; d) Psychological dysfunction; e €) Risky behaviors). Como
resultado identificaram estratégias para pesquisas dentro do dominio, tais como
o provimento de estruturas que facilitem as atividades e encorajamento por meio

de objetivos e recompensas.

Dentre os trabalhos relacionados, observamos que Sonne et al. [56] e
Cibrian et al. [54] avaliam a eficiéncia do propdsito do wearable desenvolvido,
mas ndo fazem uma avaliacdo do acesso equitativo do dispositivo € num
ambiente ubiquo. A avaliagdo é realizada com base nas percepcbes dos
participantes dos estudos, nao utilizando instrumentos de avaliacdo. O
framework de Sonne et al. [57] traz os desafios de pesquisa com o foco de
desenvolvimento de tecnologias voltadas para o tratamento de TDAH. Todavia,
assim como os outros trabalhos, nédo realiza uma avaliacdo do acesso. Esta
pesquisa visa contribuir com o desafio de avaliar o acesso equitativo em
ambientes com computacao ubiqua, por meio do estudo de um caso TDAH e
utilizando um instrumento de avaliacdo. Como nao identificamos outros
instrumentos voltados para a avaliagdo do acesso equitativo em ambientes

ubiquos, utilizamos o UbiAccess, fruto de nossa pesquisa anterior [15].
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Nosso estudo tem sido desenvolvido ao longo de algumas etapas.
Primeiro avaliamos os principios dos padrées formais do DU e WCAG,
concluindo que para avaliar um ambiente ubiquo é necessaria a uniao destes
dois padrbes formais, e é necessaria a avaliacdo da aplicabilidade de cada
guideline e critério de sucesso para o ambiente ubiquo [58]. Em seguida, fizemos
um estudo aprofundado nestes padrdes, o que originou o instrumento UbiAccess
[15]. Realizamos um estudo com o caso de uma crianga diagnosticada com
Transtorno de Espectro Autista (TEA) num contexto de interacdo remota, onde
avaliamos as areas do UbiAccess com base no caso estudado [51]. Em
sequéncia, apresentamos uma avaliacdo das recomendacdes do UbiAccess,
utiizando o método qualitativo de Andlise Tematica e as recomendagdes do

instrumento.

3.3. Estudo de Caso

3.3.1 Contexto e Participantes

Este estudo de caso, realizado no contexto do Projeto Tematico de
Sistemas Socioenativos, aprovado pelo Comité de Etica da Unicamp (CAAE
72413817.3.0000.5404), faz uma Andlise Tematica [18] da oficina Aquarela
Virtual realizada em 05/11/2021, na escola CECI da divisdo DEdiIC'5, parceiro do
projeto, situada na Unicamp, Campinas-SP, Brasil. Todos os protocolos de
biosseguranca foram seguidos. Participaram da oficina 11 criancas (5 meninos
e 6 meninas) com idade entre 5 e 6 anos. Os responsaveis dos participantes
assinaram os termos de consentimento e as criangas assinaram o termo de
assentimento ajustado a sua idade. As criangas foram organizadas em 4 turmas
(turmas A-C contendo 3 criancas e turma D contendo 2 criancas). Utilizamos
nomes ficticios no relato do estudo. Avaliamos a turma B, onde Leticia,
Marilia e Luan participaram. A Figura 3-1 :1 mostra uma crianga interagindo na
oficina. A Figura 3-1 :3 e 3-1:8 mostram Luan interagindo. A seguir, descrevemos
um pouco mais sobre o caso do Luan, com as informacdes fornecidas pela
professora:

15 hitps://www.dgrh.unicamp.br/dedic/ceci-integral , acesso em 12/09/2022.
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Luan € uma crianga de cinco anos, diagnosticada com Transtorno
de Déficit de Atencdo e Hiperatividade - TDAH. Cursa a pré-escola em
periodo integral. E curioso com a tecnologia e gosta de conversar com
seus amigos, especialmente com Marilia. Participou da oficina Aquarela
Virtual, acompanhado da sua professora Kelly e da auxiliar Fernanda.
Luan participou, aprendeu a tirar fotos e gostou da experiéncia. Ele ficou
curioso com a filmadora no ambiente e por algumas vezes queria sair da

sala e ir até os amigos.

3.3.2 Metodologia

Esta pesquisa utiliza um método qualitativo chamado Analise Temética,
que consiste na transcricao do video/audio, seguida pela codificagdo dos trechos
transcritos. Por fim, dos coédigos emergem os temas comuns, que sao
relacionados num mapa tematico. Tanto a fase de codificagdo como a analise
dos temas é refeita diversas vezes, até que se chegue a um resultado conciso e
coerente [18]. Em seguida, realizamos um estudo de caso utilizando o
instrumento de avaliagdo UbiAccess aplicado a oficina Aquarela Virtual, visando
observar se os temas emergidos no mapa tematico foram totalmente cobertos

pelo instrumento.

3.3.3 Materiais e Métodos

Aquarela Virtual € um sistema desenvolvido pela equipe do Projeto
Sistemass Socioenativos para criar uma experiéncia socioenativa num contexto
remoto, descrito em [20], [48], [49]. O sistema explorou os elementos da
tradicional musica brasileira Aquarela do cantor Toquinho, onde as criangas
construiram brinquedos com elementos da musica que se tornaram animacoes
no sistema. Além disso, o sistema explora as emocdes através dos emojis que
foram desenvolvidos com base em atividades em que as professoras
trabalharam em sala de aula o universo das emogdes com o livro infantil “O

monstro das cores” de Anna Llenas.
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Figura 3-1: 1) crianca na oficina Aquarela; 2) brinquedos construidos pelas

criancgas; 3) Luan e Professora Kelly com o castelo; 4) Avatares na tela de login; 5)

Animacao do barco; 6) animacao do aviao, os avatares panda e coelho e a

animacao do emoji feliz; 7) animacgao do pingo de tinta, gaivota e avatares; e 8)
Luan e Professora Kelly com os emojis calmo e sonolento.

O sistema fazia a leitura de cddigos QR (Quick Response) dos

brinquedos das criangas para apresentar animacdes. As criangas construiram os

brinquedos em uma atividade realizada tanto com as professoras quanto com as

familias, trazendo-os prontos para o dia da oficina (Figura 3-1:2). Seis elementos

da musica foram usados na animacao digital: sol, gaivota, pingo de tinta, castelo,

barco e avido (Figura 3-1:5,6,7). As criancas se identificam através de seus

avatares, escolhidos na tela de login (Figura 3-1:4). Além de utilizar seus

brinquedos para interagir, as criangas podiam tirar fotos ou mostrar seus estados

afetivos através dos emojis (Tabela 3-1). Ao mostrar um emoji, uma animagao

era exibida na tela, por cima da visualizagao do participante (Figura 3-1:6).

Tabela 3-1: Emojis dos Estados Afetivos do Aquarela Virtual [48].

Estado . . .
Afetivo Feliz Calmo Raiva Triste Sonolento Medo
mi | & | © @ © &
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As criangas foram colocadas em 3 ambientes diferentes (sala 1,
sala 2 e corredor). Cada crianca foi acompanhada de um pesquisador ou de sua
professora (Figura 3-2). O ambiente era composto de uma mesa com o laptop,
0s brinquedos da crianga, os emojis € uma filmadora. As criangcas se
comunicavam por meio do Google Meet, plataforma de videoconferéncia
utilizada na universidade. Pesquisadores atuaram remotamente, sendo que dois

pesquisadores participaram in loco.

4 EES &
4 Sala 1 i
=88 d Corredor
a@ # sala2 =
2 A% Ee

LY

Figura 3-2: Desenho da disposicdo das mesas e participantes no cenario remoto.

Utilizamos como instrumento de avaliacao UbiAccess - explicado em [15].
Ele € composto por 5 areas (Environment — EN, Information — IN, Multimedia
Resources — MR, Personal — PE, e Security & Privacy -SP) e um total de 37
recomendacdes (e.g EN12 - Affordances should be perceivable and
understandable by users with different sensory characteristics.'®), onde o
avaliador verifica a conformidade (Sim/N&o) das recomendagdes para saber
onde ha falta de acesso. Fizemos a impressao do instrumento e a primeira autora
realizou a avaliagdo da conformidade do Aquarela Virtual com as
recomendagdes. Os resultados sdo comparados com o mapa tematico da
analise, de modo a identificar onde houve falta de acesso e os pontos que néao

foram cobertos pelo instrumento de avaliagdo.

3.3.4 Resultados
A Analise Tematica foi realizada pelo grupo de pesquisa seguindo o

método detalhado por [18]. Identificamos 4 temas principais (Enagdo &

16 Tradugdo livre: EN12 — Affordances (mantemos o termo original) devem ser perceptiveis e
compreensiveis por usudrios com diferentes caracteristicas sensoriais.
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Embodiment'’, Agdo no Sistema, Intersubjetividade e Sécio-afetividade) e 22
temas secundarios, conforme Figura 3-3. A Tabela 3-2 mostra a frequéncia dos
temas e subtemas encontrados. Os temas sao distribuidos dentro dos trechos

transcritos, portanto um trecho transcrito pode ter mais de um tema associado.

Luan foi ativo durante toda a oficina, apesar de alguns momentos
de distracdo, dificuldade ou perda da concentracdo. Os temas emergidos da
analise mostram que a Comunicagéo Verbal é a mais frequente (Tabela 3-2). A
Professora e a crianga mantiveram dialogos durante praticamente todo o tempo
de atividade. E possivel notar que a comunicagdo ocorre ndo somente de
maneira local, mas também de maneira remota. Por meio do Google Meet, Luan
chamou a amiga diversas vezes: ‘Por que cé ta ai Mari?’: ‘O Mari! © Mari! Num

vira’. Ha também a comunicagédo remota com gestos quando a Professora e o

Acdo no
sistema

Luan acenam um ‘oi’ para Leticia.

Enagao &
Embodiment

= s Comportamento Percepgéo Metafora ; Do Adulto e
Exploragéo | | Curiosidade | [ Gestos et de si Enativa Do Adulto Da Crianga da Crianca
Intersubjetividade Socio-afetividade
Comunicagéo Comunicagao ) Percepgao Expressdo
Local Remota Encotdiaimantc Social Afetiva
T
| Avatar ” Emoji ” Video |

Figura 3-3: Mapa tematico - analise da oficina Aquarela Virtual

Expressdes afetivas também foram muito frequentes por meio da
fala e do comportamento. Um gesto frequente de Luan foi colocar os cotovelos
na mesa e apoiar a cabeca na méao (13 vezes). Outras expressdes ocorreram
por meio de falas ‘haan! Ta chatoo! ou a expressao de raiva através da

interjeigdo ‘grrr’. Mesmo assim, Luan explorou o Aquarela Virtual varias vezes,

17 Optamos por manter o termo embodiment em seu formato original, sem tradugéo.
Considerarmos que possiveis tradugdes, possuem outras conotagdes na lingua portuguesa.
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por exemplo quando pega seu brinquedo aquarela e fala ‘agora esse aqui’ e em

seguida tenta mostrar o cédigo QR para a tela. O mesmo ocorreu com o sol.

Tabela 3-2: Temas e numero de ocorréncias

Tema N2 Ocorréncias
Enacado e Embodiment > Percepcao de si 23
Enacado e Embodiment > Exploracao 23
Enacdo e Embodiment > Curiosidade 03
Enacdo e Embodiment > Gestos 09
Enacado e Embodiment > Comportamento Corporal 44
Enacdo e Embodiment > Metafora enativa 15
Enacao e Embodiment > A¢ao no sistema > Do adulto 27
Enacao e Embodiment > A¢ao no sistema > Da crianca 12
Enacao e Embodiment > A¢do no sistema > Do adulto com a crianca 16
Intersubjetividade > Comunicacao Local > Verbal 92
Intersubjetividade > Comunicacao Local > Corporal 10
Intersubjetividade > Comunicacdo Remota > Verbal 07
Intersubjetividade > Comunicacdo Remota > Corporal 01
Sécio-afetividade > Percepcao social > Avatar 16
Sécio-afetividade > Percepcao social > Video 24
Sécio-afetividade > Percepcao social > Animacgéo 02
Sécio-afetividade > Encorajamento > Instrucédo 50
Sécio-afetividade > Expresséo afetiva > Comportamento 14
Sécio-afetividade > Expressao afetiva > Fala 07
Sécio-afetividade > Expresséao afetiva > Emoji 02

Observamos também o aparecimento de metaforas enativas. Luan olha a
animacao do barco e vé o emoji por cima da agua e logo diz: ‘Eu vou morrer! Eu
vou morrer!’ referindo-se a morrer afogado pois o emoji estava fora do barco,
causando risos entre ele e a professora. Na animacgéo do avido, Luan reconhece
o avatar de sua amiga Leticia, e ao ver que ele estava nas nuvens e ndo no aviao
fala: ‘Ela vai morrer! (...) Ela caiu! Ela caiu!’. As Figura 3-1:5 e 3-1:6 mostram
como os avatares apareciam nestas animacgoes, evidenciando a criacdo da
metafora pela crianga. Como mostra a Figura 3-1:6, quando o codigo de um
emoji ou brinquedo é reconhecido pelo sistema, uma pequena animacao
acontece no canto inferior direito da tela. Com isso, Luan associou que era la
que ele deveria mostrar o cbdigo, repetindo este gesto por 12 vezes (na sua
compreensao ele ‘dialogava’ com a parte da tela que respondia a ele e ndo com
a camera). Isso é um dos fatos que contribuiu para que o subtema Instrucao
fosse 0 segundo com maior ocorréncia. Fernanda instruiu Luan varias vezes
dizendo ‘mostra aquele quadradinho la na bolinha, mostra’ (referindo-se a
camera do laptop como bolinha), mesmo assim ele continuava mostrando o

cédigo no canto da tela.



66

Outra dificuldade da criancga foi relacionada ao seu aviao, onde o codigo
QR foi colado numa superficie curva e isso dificultou sua leitura pelo o sistema.

Embora Luan tenha desfrutado da atividade e feito sentido da experiéncia,
observamos que ele teve dificuldade em associar a leitura do cédigo QR pela
camera do laptop. De modo a compreender se os temas frequentes foram
avaliados pelo UbiAccess (Tabela 3-3), aplicamos o instrumento e obtivemos 03
recomendagdes que apontam para necessidades de melhorias no sistema (MR1,
MR3 e PE4).

Tabela 3-3: Resultados de nao conformidade gerados pela avaliacdo com
UbiAccess

ID Recomendacao Sugestao de melhoria de Conformidade

1) Os avatares da animacdo que permitem o
reconhecimento da outra pessoa brincando
junto precisam ser perceptiveis a um deficiente

. L visual.
Use different modes (pictorial, verbal,

MR tactile) for redundant presentation | 2) Os codigos QR deveriam prover o acesso
and favoring maximum “legibility” of | tatil para que um deficiente visual possa
essential information. reconhecé-los e mostra-los para a camera.

3) Disponibilizar os emojis em relevo para que
os deficientes visuais possam diferenciar qual
€ cada um através do tato.

Audio or video content has redundant
presentations: audio description, | 4) Disponibilizar a legenda da musica para que
MR3 | subtitles, sign language | um surdo possa saber o trecho da musica que
interpretation, and media alternatives | € tocado.

for text or time-based media.

5) Utilizar codigos QR nao dobraveis e afixa-los
PE4 Facilitate the user’s accuracy and | em superficies planas, eliminando o problema
precision. de leitura quando estes sdo afixados em
superficies curvas.

Duas recomendagdes apontaram aspectos necesséarios de melhoria de
acesso voltados para pessoas cegas ou surdas. A ndao conformidade com a
recomendagdo PE4, tem maior relacdo com o contexto TDAH, sendo uma
possivel explicacdo para a dificuldade de Luan relacionada ao avido que néo era
reconhecido e que poderia desestimular a crianga. Nenhuma recomendacao
contribui com a associacao da camera webcam como o local para leitura dos
cédigos QR. Analisando as recomendagdes com o Mapa Tematico, quatro temas
nao foram cobertos pelo UbiAccess: Sécio Afetividade, Intersubjetividade,
Enacao e Embodiment.
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3.4. Discussao

A oficina com o Aquarela Virtual possibilitou que as criangas fizessem
sentido de interacbes remotas com outras criangas por meio de sistemas
computacionais, utilizando-se também da constru¢ao de elementos da musica e
sua narrativa com materiais concretos diversos, e apoiando o trabalho das
professoras sobre a expressao das emocoes. Retomando as questbes de
pesquisa deste trabalho, P1: Se e Como o Aquarela Virtual promoveu a interagcdo
social e 0 acesso equitativo?, 0 mapa tematico mostrou que ha varios aspectos
na interagdo que nao estao relacionados exclusivamente a tecnologia, mas
também as relacdes intersubjetivas (remotas ou locais) entre as pessoas que
estdo juntas naquela experiéncia via o sistema e suas tecnologias. Luan
percebeu seus amigos através do video do Google Meet, dos avatares, das
animacgdes. Apesar da dificuldade em associar a camera como o local para exibir
o codigo QR, ele foi encorajado e instruido pelas pessoas que estavam ao redor.
Além disso, fez sentido da experiéncia, criando narrativa prépria para o que via,
quando por exemplo exclamou que sua amiga Leticia “morreria” porque o avatar

dela ia cair do céu...

Quantoa  P2: Quais sdo os desafios para avaliar o acesso equitativo
num cenario socioenativo remoto?, o fato dos participantes estarem em
ambientes fisicos totalmente separados uns dos outros dificulta a avaliagao e a
compreensao de todos os fatos daquele momento de interagdo. Como foi
possivel observar na gravacao, Luan chamou por Marilia varias vezes, mas o
som de fundo capturado pelo Google Meet ndo permitiu que identificassemos ou

visualizassemos em tempo real a resposta.

Dado o referencial teorico, instrumentos de avaliacdo sdo necessarios
para identificar lacunas no acesso das instalacbes interativas. O UbiAccess,
entretanto, ainda ndo possui a cobertura necessaria para abranger
intersubjetividade, socio-afetividade, e enacdo & embodiment. Ao analisar o
acoplamento entre o Fisico-Social-Digital de um sistema socioenativo, hoje o
UbiAccess ainda precisa estender suas recomendagdes para cobrir a area Social

da interacao.
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3.5. Conclusao

Este trabalho visou investigar o acesso equitativo num cendrio
socioenativo remoto, sob a perspectiva de um caso TDAH e com o apoio do
cruzamento de resultados da Andlise Tematica e do instrumento de avaliacédo
UbiAccess. Os resultados indicaram que, apesar do UbiAccess ter sido capaz de
revelar pontos que necessitam de melhoria de acesso a instalacdo, ele precisa

cobrir os aspectos sociais que envolvem a instalagao.

Limitacbes do estudo envolvem o convivio direto (ndo remoto) dos
pesquisadores com a crian¢ca caso, de modo a entender melhor suas acoes,
aprofundando a andlise dos temas. Trabalhos futuros envolvem desenvolver a
area Social para o instrumento UbiAccess e incluir novas recomendacoes,
realizar novas oficinas com o sistema Aquarela Virtual envolvendo pessoas com
deficiéncias sensorio-motoras para que possamos aprofundar o estudo do

acesso.
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Capitulo 4 - Avaliando o UbiAccess - e seu potencial de avaliar acesso
em ambientes baseados em computacao ubiqua

4.1. Introducao

Ambientes de computacao ubiqua possuem uma vasta possibilidade de
interacdes, criadas através dos sensores e atuadores interconectados e
dispostos ao redor do ambiente [2]. Ao invés de interpor uma barreira entre
usuario e suas relagdes sociais, como os populares smartphones, a interacao
com a computacao ubiqua é realizada de modo transparente para o usuario [1].
Exemplos de tecnologias ubiquas sdo wearables, tecnologias tangiveis, Internet
of Things (loT), dentre outras [3].

Os ambientes de computacdo ubiqua podem ser muito variados. Um
experimento “in the wild” foi realizado no London Eye (Inglaterra) durante as
Olimpiadas de 2012. Neste experimento os participantes tinham seus
movimentos cardiacos capturados, os movimentos dos bracos capturados por
um Kinect e processados num computador, gerando um movimento de luz na
prépria London Eye [5]. Outro exemplo, j& no Brasil, € o cenario escolar
explorando uma pulseira wearable com sensor de movimento para identificar a
movimentacdo das criancas dentro da sala de aula e tentar compreender as
atividades aplicadas [59], [60]. JA no cenario hospitalar um experimento
conduzido com criangas em tratamento craniofacial no Brasil utilizou bichos de
pellcia com sensores de pressdo embutidos. Os bichos eram abragados pelas
criangas e refletiam num display com o instrumento denominado “abragémetro”.
Além disso, um dos elementos chamado “corujita” tirava foto das criangas

durante a interagéo [61].

Diante de cenarios com tantas possibilidades diferentes de interacao,
como garantir que todas as pessoas tenham acesso equitativo, ou seja,
consigam experimentar os cenarios e fazer sentido da experiéncia? O acesso
universal e a inclusdo é uma preocupacao global, expressa inclusive pelas
Nagbes Unidas na Agenda Sustentavel 2030'® que possui 17 objetivos e 169
alvos a serem alcancados pelo mundo até o ano de 2030. O acesso universal é

18 SDG — Sustainable Development Goals https://sdgs.un.org/goals
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também um dos 7 grandes desafios de pesquisa em Interagdo Humano
Computador (IHC) no mundo [8]. No cenario brasileiro, tanto a acessibilidade
quanto a computacdo ubiqua sao desafios de pesquisa em [HC [9].
Adicionalmente, a comunidade de IHC no Brasil e no mundo ainda tém
desenvolvido a maioria das pesquisas em acessibilidade voltadas para o tema
web [36].

No que tange aos padrdes formais de avaliagcdo, até o momento deste
paper os dois grandes referenciais sdo os Principios do Design Universal e o
W3C-WCAG 2.1 (ultima versao estavel). Nesse sentido, nés desenvolvemos em
pesquisa anterior [14] o instrumento de avaliagdo UbiAccess, que se baseia
nestes dois padrdes, verificando aquilo que é ou nao aplicavel em cenarios de
computagdo ubiqua. O instrumento faz parte do contexto do Projeto Teméatico
Sistemas Socioenativos (FAPESP #2015/16528-0). Em estudos de casos
anteriores, o instrumento foi aplicado e melhorado estudando instalacdes
ubiquas, inclusive em cenarios remotos [30] e gerando melhorias no instrumento.
nosso objetivo € a avaliagdo do UbiAccess, por pesquisadores que nao
estiveram presentes em sua criagdo ou uso, utilizando dois cenarios ubiquos
encontrados na literatura [62] e posteriormente respondendo um questionario

sobre o instrumento em avaliagdo.
As questdes de pesquisa que nortearam este trabalho séo:

P1: O instrumento UbiAccess consegue apoiar a avaliacdo do acesso

equitativo num ambiente de computagéo ubiqua?

P2: Quais melhorias devem ser aplicadas no UbiAccess para que ele

possa cumprir seu objetivo?

Este trabalho esté organizado da seguinte maneira: na Se¢ao 2 fazemos
a caracterizacado do problema e apresentamos os trabalhos relacionados e a
metodologia do estudo; j& a Secdo 3 apresenta o estudo de caso e seus
resultados; a Secao 4 apresenta a discussao e a Secao 5 conclui os resultados
do estudo.
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4.2. Dominio do Problema, Trabalhos Relacionados e Método

O acesso equitativo beneficia todas as pessoas, mas especialmente
aquelas que possuem algum tipo de deficiéncia [6]. Segundo Emiliani e
Stephanidis [31, p. 606, 612], o acesso universal permite que qualquer pessoa,
em qualquer lugar e a qualquer hora possa se beneficiar das tecnologias da
informacao. Porém, ha uma necessidade de desenvolvimento de métodos e
ferramentas para design e avaliagdo do acesso as tecnologias. Segundo
Stephanidis e Antona [47], 0 acesso equitativo ainda € um desafio dentro das
tecnologias inteligentes. Nés utilizamos o termo acesso equitativo, para
significar acesso de todos na sua maior extensao possivel, independentemente
de suas capacidades ou necessidades [14]. Consideramos que avaliar 0 acesso
equitativo envolve a tecnologia, as pessoas e 0 ambiente, compondo o todo que
faz parte da avaliag&o.

Como trabalhos relacionados, um estudo foi realizado visando investigar
o W3C-WCAG e as solugdes acessiveis para ambientes ubiquos disponiveis na
literatura [27]. Como resultado os autores encontraram uma falta de ferramental
de avaliacdo que possibilitasse a avaliacao e o design da acessibilidade em
ambientes de computagdo ubiqua. Ja no contexto de museus [7], um estudo
investigou as caracteristicas de ambientes acessiveis, observando inclusive a
falta de itens basicos de acessibilidade como os pisos tateis. O estudo também
abrangeu a parte tecnoldgica, discutindo sobre a necessidade de ferramentas
para explorar 0 acesso em ambientes de computacao ubiqua. Por fim, um estudo
[63] buscou compreender como a afetibilidade refletia no acesso universal em
ambientes de computagéo ubiqua.

O instrumento UbiAccess é detalhado na Secao 3.2. Neste trabalho
fizemos a avaliacdo do instrumento, baseando-nos no trabalho de da Silva et al.
[61], que reuniu pesquisadores para utilizar o instrumento desenvolvido e fazer

a avaliacao.

A avaliacdo foi conduzida de maneira virtual por um grupo de
pesquisadores convidados a utilizar e avaliar o instrumento. O processo
envolveu o envio das informagdes de um ambiente de computacdo ubiqua

juntamente com o instrumento UbiAccess. Os avaliadores realizaram duas
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etapas: 1) Avaliar as instalagbes, e 2) Apds realizar a utilizagdo do instrumento
responder ao formulario de avaliagdo do UbiAccess.

Ap0s a concluséo do estudo todos os dados serdo disponibilizados
no REDU (Repositério de Dados da Unicamp)'® juntamente com os conjuntos de

dados associados ao instrumento objeto da pesquisa.

4.3. Estudo de caso

Este estudo de caso foi realizado de maneira virtual, através da divulgacéo
do instrumento para pesquisadores e resultados de sua avaliacdo foram
consolidados com nossas observacdes anteriores de pontos faltantes. Nesta

secdo detalhamos a conducao do estudo e os resultados obtidos.

4.3.1. Contexto e Participantes

Participaram deste estudo cinco pesquisadores de diferentes areas de
pesquisa, com e sem experiéncia em acessibilidade, tecnologias de computacao
ubiqua ou a area de pesquisa Interacdo Humano-Computador (IHC). O objetivo
desta diversidade foi descobrir se o UbiAccess € compreensivel para possiveis
utilizadores, com diferentes tipos de conhecimento, tornando o instrumento um
ferramental de maior alcance. Todos os pesquisadores estao fora do dominio do
Projeto onde o UbiAccess foi desenvolvido, bem como n&o participaram de
nenhuma etapa do desenvolvimento do instrumento. Todos os participantes
responderam que concordaram em participar do estudo, tendo seus dados
anonimizados. Os pesquisadores sao residentes das regides Norte, Sudeste e
Sul do Brasil. Foram enviados oito convites de participacédo, sobre os quais
obtivemos cinco respostas concordando em participar do estudo. Vale lembrar
que se trata de um estudo de avaliagdo qualitativo, para o qual os aspectos da
diversidade de areas de atuacao (dentro da Computagéo) dos participantes eram
mais relevantes para uma analise preliminar (e qualitativa) do instrumento, do
que a questao de escala, necessaria para abordagens quantitativas a avaliacao

do instrumento.

19 Dataset da pesquisa disponivel em https://doi.org/10.25824/redu/HSPSJT
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4.3.2. Materiais e Métodos

O instrumento de avaliagido de acesso equitativo UbiAccess?° (Figura 4-
1) foi desenvolvido com base nas guidelines e critérios de sucesso do W3C-
WCAG 2.1 e guidelines do Design Universal, considerando a viabilidade da sua
aplicacdo para os ambientes de computacdo ubiqua [14], [15]. UbiAccess
contém cinco areas (Environment, Information, Multimedia Resources, Personal
e Security & Privacy) e 37 recomendacdes que sao distribuidas entre as areas.
O instrumento utiliza o método de verificagdo de conformidade (Sim/Nao) para
cada recomendacdo. Ele esta disponivel em versdo digital (planilha XLS?') e
versdo para impressao (arquivo em PDF). Para utiliza-lo, o avaliador deve
assinalar a conformidade para cada uma das recomendacdes do instrumento,
obtendo ao final uma lista de aspectos que nao possuem conformidade e podem

ser melhorados para prover 0 acesso equitativo.

UbiAccess:!

Figura 4-1: Logo do instrumento de avaliacdao UbiAccess

Para avaliar o UbiAccess, os pesquisadores participantes aplicaram o
instrumento na avaliagdo de dois cenarios ubiquos chamados Lagon e True
Colors [62]. Estes cenérios, foram escolhidos por apresentar tecnologias ubiquas
com interagdes sociais, possuirem a descricdo textual e o video mostrando a
interagdo. O processo de avaliagdo do UbiAccess foi realizado utilizando os
quatros passos na Figura 4-2 e descritos a seguir. O formulario de avaliacao do

UbiAccess € apresentado na Tabela 4-1.

2) Criagao e revisdo do
com os materiais para formulario de avaliagao
os avaliadores do UbiAccess

Daganet | — C
al. (2019)

Figura 4-2: Fluxo para realizar a avaliagdo do UbiAccess

3) Envio dos convites
para os pesquisadores

4) Recebimento e
analise dos dados

1) Pasta compartilhada

20 UbiAccess esta disponivel em https://doi.org/10.25824/redu/HSPSIT [10].

2L XLS ¢ o formato de planilhas do Microsoft Excel tltima versdo (2023)


https://doi.org/10.25824/redu/HSPSJT
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1- Criacdo de uma pasta compartilhada no Google Drive?® contendo o
instrumento UbiAccess em XML, os videos dos dois cendarios que seriam
avaliados, e o artigo que descreve os cenarios [62];

2- Criacao de um formulario no Google Forms com o objetivo de avaliar o
UbiAccess e receber o upload das avaliagbes dos cenarios. O formulério
continha as instrucbes de avaliagao e o questionario em si;

3- Envio do convite para os pesquisadores de diversas areas com 0 prazo
de duas semanas para recebimento das respostas;

4- Recebimento e analise dos resultados.

Tabela 4-1: Formulario para Avaliadores do UbiAccess

# | Pergunta

1 | Vocé consente em participar desta avaliagao e permite utilizar os dados
coletados (a serem anonimizados) para realizacao e continuidade da
Pesquisa? (Sim/Nao);

Vocé atua em pesquisa/trabalha com acessibilidade? (Sim/Nao/Outro);

Vocé atua em pesquisa/trabalha com tecnologias ubiquas (Wearables,
loT, tangibles, etc)? (Sim/Nao/Outro);
Qual a sua area de Pesquisa? (Resposta dissertativa aberta);

As areas do UbiAccess cobriram todos os elementos que deveriam ser
avaliados nos cenarios? (Sim/Nao: Comentario);

6 | As recomendacgdes do UbiAccess cobriram todos os elementos de cada
area avaliada nos cenarios? (Sim/N&o: Comentario);

7 | Como vocé considera a utilizagdo do UbiAccess (Usabilidade,
acessibilidade, utilidade)? (Resposta dissertativa aberta);

8 | Outras observacdes do avaliador.

4.3.3. Resultados

Este artigo visa avaliar o instrumento e ndo os aspectos dos cenarios
(Lagon? e True Colors?* [62]), utilizados pelos avaliadores para aplicagdo do
UbiAccess. As avaliagdes dos cenarios seréo tratadas posteriormente em novos
estudos. Apresentamos a seguir os resultados obtidos sobre o instrumento. Com
relacdo a Pergunta 1, todos os participantes aceitaram participar da pesquisa.
Ja na Pergunta 2, 60% dos patrticipantes trabalham com acessibilidade. Com

relacao a Pergunta 3, 20% atuam com tecnologias ubiquas.

22 Utilizamos a Plataforma Google pois ela é oferecida pela Universidade onde realizamos a pesquisa.

2 Lagon — YouTube Video https://www.youtube.com/watch?v=RRvOwEOLaaY [62]

24 True Colors — YouTube Video http://www.eventhorizonlarp.com/2-new-gyr.html [62]



https://www.youtube.com/watch?v=RRv0wEOLaaY
http://www.eventhorizonlarp.com/2-new-gyr.html
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ldentificamos os pesquisadores com os prefixos A1 até A5. Com relagao

a Pergunta 4, identificamos as seguintes areas de pesquisa dos avaliadores:

e A1 - Interacdo Humano Computador, Valores Humanos, Ubicomp;
e A2 - Interagdo Humano-Computador e Informatica na Educacao;
e A3 -Acessibilidade em Jogos Educacionais;

e A4 - Redes definidas por software (SDN);

e A5 - Processamento de Linguagem Natural.

As respostas as perguntas 5 a 8 estao apresentadas na Tabela 4-3,
Tabela 4-4, Tabela 4-5 e Tabela 4-5.

Tabela 4-2: Pergunta 5 - As areas do UbiAccess cobriram todos os elementos que
deveriam ser avaliados nos cenarios?

Avaliador Resposta

Al Depende. Qual é o proposito da UbiAcess? Se for acessibilidade,
me parece que é bastante abrangente e contempla todos os
elementos necessarios (por exemplo os principios do Design
Universal). Vai até além, ao incluir a area de Privacy, Security e
Safety.
A2, A3, A4, A5 | Sim.

Tabela 4-3: Pergunta 6 - As recomendacoes do UbiAccess cobriram todos os
elementos de cada area avaliada nos cenarios?

Avaliador Resposta

A1 Sim, parecem abrangentes e completas. Entretanto, na area de
"Privacy, Security e Safety", creio que o conceito de privacidade
de dados ndo aparece. Nao ha uma recomendagao sobre como
os dados dos usuarios sao coletados, armazenados, processados
e excluidos, nem como o0s usudrios acessam esses dados. Eu
entendo que esse tipo de preocupacgao pode ser da Computagéao
Desktop e Mobile, mas imaginando que o Lagos, por exemplo,
armazena informagao de audio de uma conversa, essa coleta de
informacao é de algo sensivel e deve haver preocupagdes de
privacidade de dados. Como fazer isso no cenario ubiquo e como
prover formas de interagdo com esse tipo de privacidade em
cenarios ubiquos é um desafio e por si s6 seria uma questao de
pesquisa.

A2, A3, A4, A5 | Sim.

Tabela 4-4: Pergunta 7 - Como vocé considera a utilizacao do UbiAccess
(Usabilidade, acessibilidade, utilidade)?

Avaliador Resposta

A1 Usabilidade: facil de utilizar, facil de compreender. Algumas
recomendacdes, entretanto, ndo consegui entender o que elas
queriam significar (deixei marcado diretamente na planilha quais
sdo essas). Acredito que um exemplo de preenchimento ajudaria,
além de uma descricdo para cada elemento do formulario. Utilidade:
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Avaliador

Resposta

achei util para minha prépria pesquisa e pratica de criacdo de
tecnologias ubiquas. Eu defendo um valor de acessibilidade, entao
ter apoio para tornar as tecnologias mais acessiveis é algo que sinto
falta e que vai me ajudar diretamente. Acessibilidade: Eu consegui
acessar e preencher facilmente o UbiAcess. Creio que também
poderia ser lido por um leitor de tela com o "tab". Entretanto, ndo ha
opcao para surdos (LIBRAS, no Brasil) sobre o texto do formulario.
O formulario também esta na linguagem inglesa, que para mim nao
foi uma dificuldade, mas poderia ser para uma pessoa que fala
apenas Portugués.

A2

Acredito que faltam maiores instrugbes para o preenchimento e
entendimento do instrumento, como alguns exemplos de uso e 0s
modelos de aplicacao.

A3

Achei facil de usar, a ferramenta me ajudou a pensar em problemas
de acessibilidade e usabilidade e encontra-los com maior facilidade.
No entanto, a caixa de selecdo (de sim ou nao) da planilha néo é
evidente. Além disso, a fonte dela € menor que a de todos os itens
da planilha. A planilha também é muito longa, com muitos campos
vazios, tanto para a direita quanto para baixo, isso limita o espaco
de visualizacdo do UbiAccess. Se os campos que ndo estao sendo
utilizados forem apagados, a visualizacdo da ferramenta vai ficar
mais evidente e menos poluida.

A4

E interessante para se ter a validagdo de um produto ou método,
mas algumas coisas de usabilidade poderiam ser melhoradas.
Apenas "Sim" ou "N&o" nas respostas € muito limitador, h4 casos
em que as recomendacgbes simplesmente nao se aplicam ao
contexto que se é esperado de uso do produto, o que deixa meio
ambiguo se deveria ser assinalado "Sim" ou "Nao" nesses casos e
isso afeta o relatorio final. Alias, o relatério final ndo estava sendo
preenchido automaticamente quando fiz o uso do UbiAccess, entao
eu adicionei as férmulas nas células para fazer o preenchimento.
Um outro detalhe é que as notas ndo quebram automaticamente o
texto ou expandem a célula de acordo com o tamanho do conteudo
inserido, 0 que afeta a legibilidade da ferramenta.

A5

Foi util ajudou a obter informagdes importantes sobre as
consideragcbes do wearable e serviu para entender algumas
possiveis melhoras que pode ter. A usabilidade foi facil de
responder em muitos casos, embora algumas perguntas ficaram um
pouco dificil para mim por falta de conhecimento das informacdes.

Tabela 4-5: Pergunta 8 - Outras observacées do avaliador

Avaliador

Resposta

A1l

Parabéns pela iniciativa. As recomendacdes estao padronizadas,
o formuléario esta facil de entender e de aplicar. O formulario nao
€ muito extenso, e parece que todos os elementos sdo realmente
relevantes. Alguns elementos n&o serao totalmente aplicaveis em
todos os cenarios (por exemplo recomendacdes sobre texto em
tecnologias que ndo usam texto). Como apontei, algumas
recomendagdées ndo consegui entender. Essas devem ser
revistas e melhor descritas. Senti falta de um documento ou texto
que explicasse a criagdo do formulario e suas referéncias, qual o
proposito do formulario, como ele pode ser utilizado, para qué ele
se aplica, quem pode utiliza-lo e quando pode ser utilizado (uma
descricao sobre as questoes 5SW2H sobre o formulario UbiAcess).
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A2

Uma pesquisa com tema moderno e de alta relevancia para a
sociedade. Parabéns aos autores.

A3

Senti falta de um item "n&o se aplica" na caixa de selecado, pois
nem todos os critérios poderiam ser aplicados aos wearables que
avaliei.

A4

Por nao ser da area de IHC, talvez algumas avaliagbes nao
fizeram sentido ou ficaram confusas, entdo preferi responder pelo
critério que eu imaginava se enquadrar de acordo com a diretiva.
Por exemplo, questdes de acessibilidade do produto ndo se
limitam apenas a percepgéo visual, tatil ou auditiva, mas fizeram
mais sentido para serem avaliados do que limitacdes capacitivas.

A5

Ha casos em que nao considero justo dar uma resposta porque o
ambito do wearable usado néo se aplica a recomendagao, mas foi
devido ao seu design e finalidade e ndo a nao consideragao.
Nesse caso deixe algumas sem responder.

Com relacdo ao levantamento de lacunas no UbiAccess, apontadas em

publicacbes anteriores sobre seu uso, obtivemos 0s seguintes resultados na

Tabela 4-6:

Tabela 4-6: Levantamento sobre desafios para o UbiAccess apontados em estudos

anteriores

Publicacoes

Desafios apontados no UbiAccess

[12]

a) Dimensdo do acesso / acessibilidade na computagéo
ubiqua ainda nao é clara; Combinagdo de diferentes
possibilidades na dimensdo Fisica, Digital e Social criam
interacdes Unicas e imprevisiveis que desafiam a avaliagao do
acesso;

b) Movimentos corporais - 0 préprio corpo do usudario € um
veiculo de interacdo, usuario é parte do ambiente; Movimentos
livres;

c) Interagdes naturais; Nao tem interface clara; Multiplas
fontes de saida;

[15]

d) Sensores e atuadores, embedded technology;

e) Luzes, vibragao, efeitos de som, interacdes tateis, dados
fisiolégicos, captura de movimentos, presenca, voz, sons de
barulhos

[14]

f) Consentimento do usuario para dados armazenados ou
informagbes coletadas: Como os ambientes ubiquos podem
coletar e processar imagens, videos e dados fisioldgicos,
usuarios podem se sentir inseguros e nao saber como os dados
coletados serao usados. A inseguranca pode reduzir 0 acesso ja
que o usuario pode ndo se sentir confortavel para aproveitar e
interagir com a instalacao

[30]

Q) Relagbes com o grupo; Relagbes intersubjetivas
(remotas/locais);
h) Valores pessoais, emogdes, género, aspectos culturais;

[22]

i) Enacdo e Embodiment. Exploragao, Curiosidade, Gestos,

Comportamento corporal, Percepcao de si, Metafora enativa;
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Publicacoes Desafios apontados no UbiAccess

) Social ndo é tratado; Sécio-afetividade: Expressao afetiva,
Percepcao social;

4.4. Discussao

Retomando as nossas questdes de pesquisa, com relagdo a P1: O
instrumento UbiAccess consegue apoiar a avaliagdo do acesso equitativo num
ambiente de computacdo ubiqua?: os avaliadores responderam que as areas do
instrumento foram capazes de cobrir todos os elementos do cenario, inclusive
um deles menciona que o instrumento foi além, ao apresentar a area de Security
& Privacy. Com relacdo as recomendacoes do instrumento, todos avaliaram
que sim. Todavia, um dos avaliadores apontou a necessidade de
recomendagdes referentes a privacidade dos dados, considerando que um dos

cenarios avaliados coletava informacdes de voz dos usuarios.

Vamos agora considerar a P2: Quais melhorias devem ser aplicadas no
UbiAccess para que ele cumprir seu objetivo?. as perguntas de 5 a 8 foram
voltadas para a avaliagao do instrumento UbiAccess. A pergunta 5 (Tabela 4-2)
considerou se as areas do instrumento UbiAccess (e.g. Environment,
Information) conseguiram avaliar os cenarios. Quatro avaliadores responderam
apenas “Sim” enquanto um deles se aprofundou na resposta com o
questionamento “Qual é o propdsito do UbiAccess” e em seguida responde que
se for acessibilidade o instrumento € bastante abrangente. Tal questionamento
nos faz refletir na necessidade de deixar claro as pessoas que vao utilizar o
instrumento para que ele serve e 0 que se espera obter como resultado. A
pergunta 6 (Tabela 4-3) tinha por objetivo compreender se as recomendacodes
estavam adequadas para os elementos avaliados. Quatro avaliadores
responderam apenas “Sim” enquanto um dos avaliadores apresentou a
necessidade de uma recomendacao sobre privacidade, observando a coleta de
dados. Quando observamos os resultados da pergunta 7 com a pergunta 8
(Tabela 4-4, Tabela 4-5) observamos que as questbes da area Social nao

emergiram, assim como Embodiment, Metafora enativa, movimentos Corporais,
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aspectos culturais, relagcdes intersubjetivas, entre outros conceitos da
experiéncia enativa. No entanto, o aspecto de privacidade que ja havia sido
observado também foi levantado, confirmando a necessidade de inclusao de
recomendagdes também sobre este tema. O uso da ferramenta por terceiros,
possibilitou os apontamentos de melhorias sobre a conformidade e até mesmo
a formatacdo do instrumento. Estes itens também sdo extremamente

importantes para que o instrumento se torne adequado ao uso.

Comparando as avaliagbes dos pesquisadores com o0s desafios
apontados em publica¢des anteriores (Tabela 4-6), observamos que as questdes
da area Social ndo emergiram, assim como Embodiment, Metafora enativa,
movimentos Corporais, aspectos culturais, relagdes intersubjetivas, entre outros
conceitos da experiéncia enativa. No entanto, o aspecto de privacidade que ja
havia sido observado também foi levantado, confirmando a necessidade de
inclusao de recomendacdes também sobre este tema. O uso da ferramenta por
terceiros, possibilitou os apontamentos de melhorias sobre a conformidade e até
mesmo a formatagdo do instrumento. Estes itens também sdo extremamente

importantes para que o instrumento se torne adequado ao uso.

4.5. Consideracoes finais

O desafio de avaliagdo de acesso equitativo em ambientes de
computagao ubiqua requer o desenvolvimento de instrumentos que considerem
0s novos tipos de interacdo das pessoas com tecnologias no ambiente. Neste
estudo investigamos, através da perspectiva de outros pesquisadores, se o
instrumento UbiAccess é capaz de avaliar cenarios ubiquos, encontrados na

literatura, além de apontar melhorias necessarias no instrumento.

Identificamos como limitagdes do estudo a falta de pesquisadores com
deficiéncia avaliando o instrumento, além de perfis de avaliadores com
experiéncia anterior em computagdo ubiqua. Além disso, o numero de
avaliadores precisaria ganhar escala, o que propomos como desdobramentos
deste trabalho em uma versao mais estavel do UbiAccess. Ainda como trabalhos

futuros, sugerimos a implementacdo das sugestdes dos avaliadores no
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instrumento, atualizando-o no local em que ele se encontra disponivel?®. Por fim,
incluir ndo somente os pontos considerados pelos avaliadores, mas também os
pontos que pesquisas anteriores ja identificaram como necesséarios para a

avaliacdo do acesso em ambientes ubiquos.

25 Versdo digital e versdo para impressdo do UbiAccess: https:/doi.org/10.25824/redu/HSPSJT



https://doi.org/10.25824/redu/HSPSJT
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Capitulo 5 — Discussao e Conclusoes

Este trabalho de pesquisa visou abordar a problematica do acesso
equitativo em ambientes de computacdo ubiqua. Esses ambientes
contemporaneos geram inumeras possibilidades de interagéo, dificultando ainda
mais a avaliagao do acesso.

Retomando as perguntas de pesquisa: P1: E possivel criar um
instrumento de avaliacdo de acesso para ambientes de computacdo ubiqua com
base nos padrbes formais de acessibilidade? concluimos que € possivel, por
meio da criacdo do instrumento de avaliagdo UbiAccess, que emergiu dos
padrées formais de avaliagcdo de acessibilidade: Design Universal e W3C-
WCAG. Observamos que apenas um padrdo formal ndo foi capaz de fazer a
avaliacdo completa, mas a unido de ambos apresentou resultados positivos.
Identificamos que nem tudo que esta presente nos padrdes formais era aplicavel
ao ambiente de computagdo ubiqua, assim como houve aspectos da
computagdo ubiqua que ainda nao foram cobertos pelos padrdes formais.

Consideremos a P2: O instrumento criado é capaz de cobrir as trés
dimensoées: Fisica, Digital e Social? |dentificamos por meio dos nossos estudos
de caso e da avaliacao realizada por outros pesquisadores que as areas Fisica
e Digital foram cobertas; todavia, ainda faltou a cobertura da area Social. Nossa
pesquisa de mestrado foi realizada dentro do contexto do Projeto Sistemas
Socioenativos, em que consideramos a importancia do Social (e.g. cultura,
crengas, emocgoes) criando interagbes Unicas. Outro aspecto sdo as interacoes
através do corpo que se torna parte e veiculo de interacdo. Considerar o Social
é compreender que a interagdo com a tecnologia onipresente (ubiqua) acontece
por meio de pessoas que interagem. Criar a area Social e suas recomendacdes

é por si s6 um desafio de pesquisa.

O instrumento foi avaliado ndo somente nos estudos de caso que
realizamos, mas também por um grupo de pesquisadores de diversas areas com
e sem experiéncia em acessibilidade, de modo a garantir perspectivas diferentes
na avaliagao e permitir detectar melhorias necessarias. Isso vai ao encontro da
nossa proposta, ou seja, que nosso instrumento seja acessivel para avaliadores,
sejam eles da area de IHC ou ndo. As melhorias no instrumento serdo aplicadas
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durante o doutorado, o qual ja se inicia logo apds a conclusdao do mestrado.
Primeiramente pretende-se aplicar as melhorias estruturais relacionadas a
linguagem, compreensao, organizacao e versao em portugués. Assim buscamos
esclarecer a duvida de um dos avaliadores no préprio instrumento, explicando
qual € o seu proposito. Em seguida, serdo necessarias duas abordagens para
expansdo: 1) analise sobre como realizar a cobertura dos aspectos da
ubiquidade levantados pelos estudos de caso; e 2) desenvolvimento da area

Social e suas recomendacgoes.

O UbiAccess esta disponivel em versao xml e versao para impressao no
seguinte endereco eletronico indicado na referéncia [10]. Futuras atualizagdes
do instrumento serdo incluidas nesse mesmo endereco. Os dados da pesquisa
ja estao disponiveis no Repositdrio de Dados de Pesquisa da Unicamp — REDU
[10], [25].

Dentre as limitacbes deste estudo esta o cenario de pandemia Covid-19
ocorrido durante grande parte do tempo de realizacdo desta pesquisa. Apesar
de experimentarmos um cenario remoto com a participacdo de pessoas com
deficiéncia, ainda assim o recrutamento e participacao por causa do Covid-19 foi
ainda mais dificil que tradicionalmente em situa¢oes presenciais. No que tange
aos participantes com deficiéncia, a falta de convivio com as criangas nos
estudos de caso e suas familias, também limita as conclusoes, dificultando a
obtencdo de mais dados para a pesquisa. Além disso, apenas foi possivel
conseguir participantes com deficiéncias cognitivas, deixando em aberto a
necessidade de estudos com participantes com deficiéncias visuais, auditivas e
motoras. Por fim, consideramos também uma limitacao a falta de pessoas com
deficiéncia utilizando o UbiAccess para avaliar os cenarios. Acreditamos que tal
perspectiva traria contribuicées adicionais.

Trabalhos futuros adicionais serdo realizados no doutorado que ja esta
em andamento. Eles incluem o desenvolvimento de um framework conceitual e
pratico para contextualizar a dimensdo da acessibilidade nos ambientes de
computagdo ubiqua e o aprofundamento das areas do instrumento UbiAccess.
Além disso, seria necessario incluir a area Social e suas recomendacoes,

fundamentadas nos principios da literatura e como sugerido pelos avaliadores,
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disponibilizar uma versdo em portugués do instrumento. Um desafio que
contribuiria para o desenvolvimento deste framework seria 0 design conjunto
com pessoas com deficiéncia, trazendo contribuicées e pontos de vista de suas
perspectivas de vida. Adicionalmente, outra direg&o é realizar uma avaliagéo do
framework, tentando abranger um maior numero de participantes com e sem
deficiéncia, dentro e fora da area de IHC. Pretendemos também aplicar as
melhorias propostas para que o framework seja entregue em versao estavel,

assim como os dados produzidos na pesquisa.

E desejavel também a criagdo da versdo online do instrumento que
permita a geracao de relatérios otimizados da avaliagcdo. Por fim, a W3C esta
desenvolvendo o WCAG versdao 3.0 que visa a cobertura de tecnologias
wearables que fazem parte do escopo da computagédo ubiqua e a inclusao de
guidelines voltados para as deficiéncias cognitivas. Nesse sentido, avaliar a
versao final do WCAG 3.0 tem grande potencial de contribuir com a avaliacao
dos cendrios ubiquos e com o instrumento. Essa nova versdo certamente tera
impacto nas recomendacgdes do UbiAccesss, requerendo uma nova analise da
aplicabilidade das guidelines e sua distribuicao dentro das areas do instrumento.

Como apresentado no Capitulo 1, a Computacdo Ubiqua e o Acesso
Universal sdo dois grandes desafios de pesquisa em IHC [9]. Nossa pesquisa
mostra o quao desafiador € trabalhar com estes cenarios, através do
desenvolvimento de ambientes ubiquos, recrutamento de participantes com
diversas deficiéncias e obtencao de dados dos participantes para corroborar com
as conclusdes obtidas. Outro aspecto desafiador € o acesso equitativo, ou seja,
para todas as pessoas. Ampliar o escopo de abrangéncia traz desafios de
recrutamento de participantes, todavia é necessério para que possamos criar

ambientes cada vez mais inclusivos.

Por fim, participo da Sociedade Brasileira da Computacao e fui premiada
pelo primeiro concurso de fotografia amadora realizado em 2021. Recebi o
prémio do primeiro lugar, correspondendo a publicacao da fotografia na Revista
Computagao Brasil, n? 45, p. 23%6. A pagina da publicagdo encontra-se no

26 Link da pagina: https://www.sbc.org.br/component/flippingbook/book/52/1?page=23 , Link da Revista
https://www.sbc.org.br/images/flippingbook/computacaobrasil/computa_45/pdf/CompBrasil_45.pdf
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Apéndice Il (Figura 7-1). E importante que os discentes participem ativamente
das atividades das Sociedades Cientificas, de modo a estarem em contato com
as atualidades da pesquisa. Por este motivo, destaco a obtengédo deste prémio.

Apéndice | - Resumo Expandido HCIl 2023: Access Evaluation in
Ubiquitous Computing Environments: A Systematic Mapping

Ubiquitous computing are contemporaneous technologies (e.qg.
wearables, l0T, Tangible) which allows a diversity of interaction possibilities [3].
Ubiquitous computing are spread in the surroundings with interconnected
sensors, actuators and other technologies [1], [2]. Moreover, ubiquitous

computing should provide a transparent interaction [2].

The development of contemporaneous technologies also requires the
study of access. Accessibility and Universal Access are one of the 7 HCI Grand
Research Challenges worldwide [8]. Inclusion and access are also a concern in
the Sustainable Development Goals (SDG) from the United Nations. Worldwide
recognized access evaluation standards (e.g. Universal Design and W3C-
WCAG) are not focused on ubiquitous scenarios. The Universal Design, for
instance, provides guidance specially to the environment and its surroundings.
The W3C-WCAG latest stable version 2.1 covers accessibility in web solutions.
Considering HCI research, accessibility has largely been discussed in the web
paradigm with few studies focusing on the ubiquitous computing paradigm [36].
Furthermore, investigating the interaction of people with different needs with
computing technologies and developing tools and methods to evaluate access in
these environments are a necessity [31], [32].

Considering the contemporaneous interactions scenarios, the challenge of
investigating access, and the lack of standardized worldwide evaluation tools to
ubiquitous computing, this systematic mapping presents the state of the art in this
research field. Our objective is to identify if there are tools to assess equitable
access in ubiquitous environments. Additionally, we aim to understand if these
tools can identify the lack of access in ubiquitous computing environments. Our

research questions are: R1: Are there tools to evaluate access in ubiquitous
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environments?; R2: Do these tools evaluate the Digital, Physical and Social

aspects of an ubiquitous environment?.

Our methodology follows the systematic reviews procedures [64]. We use
the PRISMA protocol [9] with the search string (“ubiquitous computing” OR
“ubiquitous environments” ) AND (“universal access” OR “universal design” OR
“equitable access” OR “accessibility”) AND (“framework” OR *“guideline” OR
“evaluation” OR “instrument”). We applied the search string in ACM DL, IEEE and
Scopus bases. We found a total of 1132 studies (ACM DL: 906, IEEE: 120, and
Scopus: 104). The expected results include finding instruments, guidelines, or
frameworks capable to assess access in ubiquitous environments. Within the
analysis we want to identify: 1) Are the solutions are focused on specific disabled
people (e.g. blind, deaf)?; 2) Are the solutions focused in what type of ubiquitous
computing (e.g. tangible, wearable); and 3) How are the solutions evaluated?
These results allows the identification of the state of the art and the lacks in

access evaluation of ubiquitous environments within the literature works.

Apéndice II: Access in a Remote Socioenactive Scenario: a Case
Including Autistic Spectrum Disorder Issues

6.1. Introduction

Ubiquitous Computing is a contemporary technology that has been evolving
during the years. It has become part of our daily lives through wearables,
tangibles, Internet of Things (loT) among others. Ubiquitous Computing is
idealized to allow a transparent interaction throughout a variety of sensors and
devices spread into the environment’s surroundings [1]-[3]. These devices collect
and process a huge diversity of data allowing interactions through movements,
gestures, proximity-distance, or speech, to name a few. Ubiquitous Computing
Environments can be present in a huge diversity of scenarios contributing, for
instance, to improve learning conditions in schools [52], healthcare in hospitals
[4], [61], or immersion in museums [13], [16].

An “in the wild” ubiquitous environment was, for instance, conducted during
the 2012 Olympics [5]. It connected a physiological heart beating sensor, a
Microsoft Kinect device, a computer, and the London Eye, in England. The

participants wore an earring accessory with the sensor and freely moved their
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arms in front of the Kinect device. The system captured the physiological data to
combine the emotions of the participant with the arm movements. As a result,
different combinations of colors were exhibited at the London Eye.

New computing interaction possibilities bring the necessity of conducting
research to guarantee equitable access to all people, regarding their physical,
intellectual, or sensorial conditions. The investigation of the factors dynamically
involved with the integration and cooperation across the elements spread in a
technological environment need to consider the universal access perspective [32,
p. 448]. Although Ubiquitous Computing is a contemporaneous technological
concept, the HCI community still concentrates most of its accessibility studies on

web accessibility [36].

Accessibility and Universal Access are one of the worldwide Seven Research
Challenges in Human Computer Interaction (HCI) [8]. Additionally, Accessibility
and Ubiquitous Computing are two of the Brazilian HCI research challenges [9],
in which our research has been conducted to address these challenges. Finally,
the Sustainable Development Goals (SDG)?’ organized by the United Nations to
cooperate to a more equitable world under the perspective “Leave no one
behind”. Within the 17 goals and 169 targets, the inclusion of disabled people is
included in the 4t 8t 10", 11t and 17" goals®. In our research we directly
collaborate with the following goals: a) 4" goal, through promoting inclusion in
school activities; and b) 10, through technological and social inclusion.

Socioenactive Systems are instances of Ubiquitous Computing
Environments. In this sense, a Socioenactive Scenario dynamically couples the
Physical, the Digital and, the Social dimensions. Body, environment, and the
physical space are examples of the Physical Dimension. The Digital dimension
embraces for instance, the software and the digital media. Finally, the Social
dimension involves the people, the society, the cultural milieu, and human values,
to name a few [11], [61]. The concept of Socioenactive Systems has been

27 SDGs: https://sdgs.un.org/goals
28 https://www.un.org/disabilities
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developed in the FAPESP Thematic Project #2015/16528-02%, within which this

research takes place.

The Covid-19 Pandemic declared on March 12" 2020 by the World Health
Organization brought new challenges and possibilities of research alongside the
sanitary protocols, restrictions and social isolation. Due to the restrictions
instituted by the Pandemic situation, the Socioenactive Project research team
developed the “Aquarela Virtual” (Virtual Watercolor) system [19]-[21], [50]
aiming to investigate these scenarios in a remote context of a kindergarten

school.

Our objective in this article is to investigate equitable access in the
“Aquarela Virtual” system through the thematic analysis of the interactions of an
Autism Spectrum Disorder — ASD (preschool age) child and an evaluation activity
with all the children participants. In the evaluation activity we used the UbiAccess
instrument [14], [15], [30] including the case of Alvaro (fictitious name) a child
diagnosed with ASD. We aim to answer two research questions:

RQ1: Is it possible to identify equitable access in the use of “Aquarela
Virtual”?

RQ2: Are the UbiAccess areas effective to evaluate access in a

socioenactive remote scenario?

This paper is an extension of the conference paper [30], presenting the
following new results - a) The teacher’s classroom interview about the workshop
effects on the children especially as regards the ASD child; and b) The thematic
analysis of the ASD child interaction in the workshop to improve the

understanding of access in the context.

The paper is organized as follows: Section 2 presents the research
domain and related works; Section 3 presents the methodology; Section 4
presents the Case study; Section 5 discusses the research and its results, and
section 6 concludes the paper.

29 Socioenactive Systems: Investigating New Dimensions in the Design of Interaction
Mediated by Information and Communication Technologies (FAPESP #2015/16528-0)
https://socioenactive.ic.unicamp.br
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6.2. Research Domain and Related Work

According to [31, p. 606, 612] Universal Access allows the access to information
technologies by everyone, everywhere and everytime. Likewise, there is the
necessity of developing methods and technologies to support the design of
universal access solutions. Besides, there is a need for supporting tools to
analyze requirements and necessities of individuals in new types of
environments. Furthermore, inclusive design benefits all people who interact in
the environment, not only those with special needs, such as people with some
permanent disabilities or temporary impairments [32]. As Stephanidis and Antona
[47] argues, the challenges of equitable access are still an open question
regarding intelligent technological ecosystems.

In this research we define equitable access as the possibility that people,
regarding their specific necessities, have access to technologies and
technological environments. In addition, people should be able to make sense of
the interactive experience. Equitable access allows a person to make sense of
an interactive experience in the ubiquitous computing environment like any other
participant [14]. We believe disabled people (with sensorial, motor, or cognitive
impairments) are the ones who most benefit from equitable access. Data from
the last Brazilian census (2010) pointed out that 24% of the population (around
46 million people) declared some type of disability*°. Furthermore, the National
Health Research3' supported by the Ministry of Health in partnership with the
Brazilian Institute of Geography and Statistics (IBGE) presents additional data
about disabilities. The last available data, from the year 2019, indicated that 1,2%
of people had some mental or intellectual disability.

The pandemic also brought new challenges in contexts of education,
accessibility and schools being forced to begin remote classes without any
preparation. This challenge is increased when dealing with preschool children in
the remote context. Moreover, the challenge when addressing equitable access

in these scenarios also increased. Furthermore, we as a research community

30 https://educa.ibge.gov.br/jovens/conheca-o-brasil/populacao/20551-pessoas-com-

deficiencia.html . Data from 2022 census is still not released by the time we are writing this paper.
31 pesquisa Nacional de Saude (PNS) - National Health Research:
htips://www.pns.icict.fiocruz.br/painel-de-indicadores-mobile-desktop/
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should conduct investigation that addresses real-world problems, such as
prioritizing inclusion [65]. Considering the school environment, “learning happens
in classrooms but is also a process that involves people making meaning from
their experiences and creating understandings in a variety of settings, from the
workplace to the daily [66, p. 30]. In conclusion, a “truly supportive and
inclusive learning environment should prioritize and foster social connections with
others”  [67, p. 41].

This paper addresses the challenge of ubiquitous environments in remote
scenarios in a preschool environment, extending the analysis we previously
published  [30] by adding the interview with the teacher of the participants and
the thematic analysis of the ASD child interaction during the workshop. At the
same time we investigated equitable access in the scenario of “Aquarela Virtual”,
we also investigated an Attention Deficit Hyperactivity Disorder — ADHD child
[22].

6.2.1. Related Work

As related work in the context of ubiquitous computing and disabled people, we
point out the DIX (Disability Interaction) movement that has been performing
research considering disabilities, impairments, and special needs as innovation
opportunities [68]. The DIX group develops inclusive and assistive technologies,
such as a wheelchair that becomes an object of Internet of Things (loT). The loT
object allows the wheelchair to connect itself to a mobile app that helps to find
and map accessible wheelchair streets and places in the city.

Considering collaborative technologies for disabled children, a systematic
literature review [69] concluded that the scientific community has given attention
to embodied interaction and tangible devices. Additionally, the paper revealed
that Autistic Spectrum Disorder - ASD children are a frequent target of the

literature.

An investigation of universal access in museums [7] evaluated different
museums and observed the need for aspects involving access in a global
perspective: environment, technology and everything that surrounds them. Their
research also revealed the lack of basic accessibility resources such as tactile
floors. Nevertheless, the authors discussed ubiquitous computing environments
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and socioenactive scenarios which benefit from the social to create unique

interactions experiences.

Regarding formal evaluation patterns and universal access, we point out
the work of [27] that analyzed the application of W3C-WCAG 2.0 (Web Content
Accessibility Guidelines)®? in a ubiquitous and pervasive environment. Moreover,
Goncalves et al. analyzed the available solutions in the literature for visual,
hearing and motor disabled people. The results of the research pointed out the
lack of specific tools and methods for design and assessment of ubiquitous

environments to help in the development of inclusive solutions.

An investigation of a socioenactive scenario used the Affectibility
Principles (Paff) to investigate universal access [63]. The study took place at a
craniofacial hospital with children participants in Brazil. The authors analyzed
how affection could help in achieving universal access in socioenactive systems.
As a result, the study generated a group of recommendations for interactive
artifacts designers considering the aspects of affectability to promote universal

access within these scenarios.

UbiAccess is an equitable access assessment instrument for ubiquitous
environments [14], [15]. It is based on the suitability guidelines of the Universal
Design Principles [37] and the guidelines and success criteria of W3C-WCAG
2.133 for ubiquitous environments. The instrument evaluated two installations at
a museum in Brazil. As a result, UbiAccess contributed to access improvements

within the installations.

Finally, concerning the thematic analysis method, the study of [55]
evaluated the knowledge of faculty members in accessibility guidelines to apply
them in the development of learning materials in computer science. The results
showed the lack of knowledge in these formal patterns and the need of raising
the knowledge for practical application of accessibility guidelines to develop more
accessible digital learning materials and courses. Another study [49] used
thematic analysis to evaluate a remote workshop on ubiquitous computing. The

32 https://www.w3.org/TR/WCAG20/
33 https://www.w3.0rg/TR/WCAG21/
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study analyzed how children could remotely interact among themselves. The
results pointed out the benefits of embodiment and social interactions even in
remote environments. Furthermore, socio-affectivity, communication, autonomy

and socio/group identification also appeared in the remote interactions.

Synthesizing the aforementioned and additional related work, results are
linked to the following subjects: 1) Contemporaneous computational technologies
for disabled people [68], [69]; 2) Accessibility or universal access in ubiquitous
and pervasive environments [7], [14], [27], [63]; 3) Formal evaluation accessibility
principles in ubiquitous computing environments [14], [27], [63]; and 4) Thematic
analysis applied to research involving the Covid-19 pandemic context in
computing [22], [55]. Our work unifies subjects 1-3 by contributing to the issues
of equitable access evaluation of ubiquitous environments. It addresses a case
of an ASD child interaction in a remote ubiquitous computing scenario. Moreover,
we use thematic analysis to study the interaction of the ASD child and advance
on the perspective of remote interactions leveraged because of the Covid-19
pandemic. Finally, we raise considerations for inclusion of disabled people in
remote scenarios by evaluating the extent of equitable access in the ubiquitous

scenarios.

6.3. Methodology

We performed a qualitative study whose methodology is illustrated in Figure 6-1.
We analyzed the “Aquarela Virtual’ workshop including the recordings of the
interaction of the ASD child. Our methodology covered two parts: 1) Activities
with questions based on UbiAccess areas (c.f. Section 3.1) with answers from
the Teacher and from Children; and 2) Thematic analysis, generating the
Thematic Map on the Video Transcription. At this point we could identify the
coverage gaps of UbiAccess areas and the lack of access for the ASD child.
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Finally, we highlight results about equitable access in remote ubiquitous

scenarios.
M
Teacher answers
Activities with Coverage lacks of
questions based UbiAccess areas
“Aquarela Virtual” on UbiAccess
workshop GIEE S
Children answers Equitative Access
- in Remote
ASD Cl?lld Scenarios
Interaction \ /
Recording
X : Gaps in Access for
Thematic Thematic Map on the ASD Child
Analysis Video Transcription

Figure 6- 1: Main steps of the study methodology

6.3.1 UbiAccess Evaluation Instrument

The instrument UbiAccess is a result from our preliminary research [12],
[15] We chose our own instrument because we could not find any other access
evaluation tool for ubiquitous scenarios. Although W3C-WCAG promises to cover
wearables, it is still in a draft version. Moreover, we also want to understand the
application of our instrument in a remote scenario. The instrument is based on
the UD Principles [37] and W3C-WCAG 2.134 [38]. Figure 6-2 shows the logo of
the instrument. It has a printable and digital version to be used by the

evaluatorss®.

[UbiAccess]

Figure 6- 2: UbiAccess Evaluation Instrument logo: Available at [10]

UbiAccess has five evaluation areas [14] as presented in Figure 6-3:

1. Environment (EN) - physical environments and their surroundings.

2. Information (IN) - content and information.

3 The latest stable version when the instrument was created
35 https://doi.org/10.25824/redu/HSPSJT
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3. Multimedia Resources (MR) - text, audio, and video resources.
4, Personal (PE) - personal needs and preferences.
5. Security & Privacy (SP) - security, safety, and privacy.

We believe that the five areas of the instrument may enlighten equitable
access in the remote “Aquarela Virtual” workshop, our investigation target.
Besides the five areas, UbiAccess contains 37 recommendations identified by
two letters corresponding to the area, followed by a sequential number (e.g., PE1
is the first recommendation of the Personal area; SP3 is the third
recommendation of the Security & Privacy area).

WCAG - 0% 1 : ; | WCAG - 8%

Security
& Environment
Privacy (EN)

Personal Infermation

r
(IN) | UD.-43%
WCAG - 14% 7 WCAG - 57%
Multimedia

Resources

Figure 6- 3: UbiAccess areas - reproduced from (Pimenta et al., 2022).

UbiAccess was previously used in the evaluation of artifacts of ubiquitous
computing scenarios [14] in face-to-face scenarios, allowing an evaluation of
equitable access and generating improvement on recommendations. Continuing
the research, we used UbiAccess to evaluate Access in the “Aquarela Virtual”
workshop to answer RQ1 and RQ2 [70] here extended to include additional

analysis results.
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6.3.2 Thematic Analysis

Thematic Analysis is a qualitative method used in psychology studies [18]
and in computer-usage studies [19], [55]. This method is based on the
transcription of the video recording. Next, we added related codes to each
transcription statement. and, in the sequence, analyzed the codes to identify
themes. The themes were used to generate a thematic map. The codes and

themes were reevaluated until the map was considered consistent.

6.3.3 Question Based Activities

We performed question-based activities with the teacher and the children.
We used Google Meet to talk to the teacher on November 25™, 2021, after the
workshop. We also talked to the children in a semi-remote activity. The
UbiAccess based questions were the main guide to the activity. However, new

questions were elicited during the activity.

Three researchers interacted with the teacher in the post-workshop
question-answer activity, using the following UbiAccess based questions:
1. What did you notice that involved the children and aroused their curiosity
in the workshop? (Areas Personal, Information, Environment);
2. What difficulties did you identify that the children had during the workshop?
(All the areas);
3. What suggestions for improvement would you indicate for the Workshop

or for the system? (All the areas);
4. Would you like to leave additional comments? (All the areas).

The activity with the children who participated in the workshop was
conducted on December 2" 2021. Two researchers conducted this activity: one
in loco and the other remotely connected through the Google Meet platform. This
was conducted in the school where the workshop took place, following all the
sanitary protocols for Covid-19 security.

We rearranged a room to increase space, e.g., removing extra chairs. A
laptop connected with the internet was on a table, positioned so that its built-in
camera could record the participants. In front of the participants a projection
screen received the image of a projector, showing the Google Meet video of the
remote researcher. The participants and the researcher sat on the floor. We

placed two cameras in the room: one on the side of the screen and the other
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close to the laptop - see Figure 6-4 showing a photo taken while the activity was
conducted. On the left side, the participants are sitting on the floor looking at the
screen. On the right side, we see all the participants with the researcher. Notice
that all participants wear masks - for sanitary reasons, but also ensuring their

privacy.

This activity lasted 24 minutes. In order to create a more ludic environment
with the children, the researchers conducted a presentation activity. First, we
invited the children to sit in the center of the room. Then, the researchers and the
children introduced themselves. As the majority of the children was dressed with
superhero clothes, each one received a nickname: Spider Man — Alvaro, Capitan
America — Paulo, Flash — Hebert, Flower SuperHero — Luana and, Super
Rainbow — Leticia®.

Figure 6- 4: Evaluation activity with the Aquarela Virtual workshop participants.

Alvaro is the ASD child who was part of the study. Although the children
enjoyed sitting on the floor, Alvaro chose to sit on a chair, close to the group. We
sat in a semicircle, to leave an open space to include him on the chair. The
teacher sat right on a chair close to Alvaro, to provide him a more comfortable

environment and allow him to freely participate.

Since the activity occurred after the workshop, we presented to the
children the pictures of the Aquarela system, of the children themselves and of

36 We used fake names to preserve the children's identities.
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the workshop moments. This presentation aimed to make the children remember
their experiences with the workshop. Furthermore, we could also capture relevant
comments to investigate access. In the sequence, the researchers created a
dialogue with the participants and ludically introduced the questions. Although we
planned just the 4 following questions, they were adapted in real time according
to the subjects that were raised by the children while answering the questions. All
the results are presented in the Results section. The questions originally planned

were:

1. What did you enjoy the most in the workshop? (Personal and Environment
areas);

2. What did you not enjoy in the workshop? (All the areas);

3. What did you think was difficult to do? (Multimedia Resources, Information
and Environment areas — capturing the gaps in access)

4. Who participated with you in the workshop? (capture the social perception
of the children in the remote scenario)

6.4. Case Study

This section describes the case study, with its context and participants, the
Aquarela Virtual system, the work methodology, and the results.

6.4.1 Context and Participants

This case study involves the “Aquarela Virtual” workshop held at a pre-school.
This research is part of the Socioenactive Project, which was approved by the
Unicamp Ethical Committee (CAAE 72413817.3.0000.5404). All the children
signed the Term of Informed Consent adjusted according to their age. The
children legal responsible also signed the corresponding term. The Socioenactive
Project developed the system and organized all the activities involved.

Participants of this study were between 5 and 6 years old. They were
organized in three groups, containing around four to six children. All the groups
were accompanied by the teacher. This case study evaluates specifically the
second group (Figure 6-4), where Alvaro participated. Figure 6-5 presents Alvaro
at the workshop.
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Figure 6- 5: Alvaro (ASD case) participating in the Aquarela Virtual workshop.

We describe the case of Alvaro with the information obtained through his
teacher.

The child’s family is composed of the father Manoel, the mother Vanuza and
two children, Ezequiel who is pre-adolescent and Alvaro who is 5 years and
10 months old. Both children have an ASD diagnosis and study in different
schools. Alvaro has studied full time since kindergarten. He is medicated
and under occupational therapy. His mother, Vanuza, works in the health
field, at the hospital; Alvaro has participated in few remote activities since
the beginning of the Covid-19 pandemic in 2020. From October 2021
onwards he returned to school and became familiar with teacher Gabriela
and colleagues, since he was in a new class due to becoming older.
Teacher Gabriela reported that Alvaro has a great friend in the class, Paulo.
She also said that Alvaro is often afraid of new experiences, usually using
the phrase “I don't want". On November 5th, 2021, Alvaro participated in his
first experience at the Virtual Aquarela Workshop, together with his teacher,
his friend Paulo (remotely) and his friend Helena (remotely). Afterwards, his
parents told the teacher about the boy's enthusiasm, who, in addition to not
wanting to leave home on the day of the workshop, was excited for the other
days of classes to come.
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6.4.2 Aquarela Virtual

The workshop represents a simulation of a remote scenario using the
“Aquarela Virtual” System. It was held at the preschool using separate rooms in
Campinas, Sdo Paulo, Brazil on November 5, 2021. The system was named
and inspired by the famous and traditional Brazilian song “Aquarela” composed
by Maurizio Fabrizio, Guido Morra, Toquinho, and Vinicius de Moraes. We chose
this song because of its lyrics which contain many childhood elements. At the
time the experiment was conducted, Brazil was in a transition from total remote
scenarios to restricted scenarios. All the participants used masks and followed
the appropriate sanitary protocols. Figure 6-6 presents the layout of the rooms

where the workshop took place.

Figure 6- 6: Aquarela Virtual workshop layout

The scenario was organized in three separated rooms. Each child was
accompanied by an adult, either a researcher or their teacher. Each room
contained a laptop connected with the “Aquarela Virtual” system and Google
Meet, and the child's toys over a table. A camera recorded all the interactions.
The other researchers participated in their homes observing and talking to the
children via Google Meet. We used Google Meet to stay connected by video and
audio. This technology was chosen because it is the one adopted and fully

supported at our university.
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The “Aquarela Virtual” system planning is detailed in [20], [21]. The system
requirements and development are detailed in [19], [48]. Details about all the
planning and investigations about equitable access are available in [50].

The “Aquarela Virtual” system projects animations that represent the toys
built by the children. The six animated elements from the song are: sun, seagull,
drop of paint, castle, boat and plane. These elements come to life with the
animations and the background of the song. These physical objects were built
with a partnership between school and the children’s parents (Figure 6-8 — left).
We used QRcodes to make the computer camera to identify the objects. Each
animated object had a proper QRcode fixed on its surface. The children also had
their avatars, represented by animals. In the first system screen the participants
put their names and chose an avatar. 6-7 presents the login screen and the boat
animation. Whenever a child shows a toy QRcode to the camera, if it is the same
element as the actual animation, both children's avatars are shown, representing
the children are together. 6-8 (left) shows the toys made by the families and their
children, also we can see with the corresponding QRcode on the toys. 6-8 (right)
shows the castle and sun animation with the participant showing the sun QRcode
to the laptop camera. In the animation three children are participating,
represented by the Gorilla, Cat and Panda avatars.

Oguaria Virtul
(lguaraVirtual

@ 3

e
i . .

Figure 6- 7: Aquarela Virtual System (Left - Login; Right - Boat animation).
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Figure 6- 8: (Left) Children toys made with their families and the QRcodes fixed;
(Righ) Castle and sun animation with three avatars showing the participants.

Six emojis allows children to express their emotions: happy, calm, angry,
sad, sleepy, and scared (Table 6-1). These emojis reflect a preliminary work held
on the school teaching the children about the emotions. These emojis (Figure 6-
8 — right) are physical objects with a QRcode. Whenever a child presents the
emoji, the system exhibits an animation in the children's image. The other
participants see the emoji in front of the child’s name.

Table 6- 1: Emojis and respective emotions in “Aquarela Virtual”’[48]

Emotion | Happy | Calm | Angry | Sad | Sleepy | Scared

el | ) © @O G @

During the workshop, children could talk among themselves and the
remote researchers through the Google Meet. At the workshop, children were
organized in groups of three participants. Each child was put in a different room
with a laptop connected with the internet and the children’s toys. The children
freely explored Aquarela Virtual, took pictures through the system picture button,
and interacted with their friends. At the end of the experience, the song is played
while showing all the pictures taken by the children.
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6.4.3 Results

Considering the pre-elaborated questions based on UbiAccess areas, we
could develop a conversation following up many aspects of the workshop
experience, equitable access, and the interactions. We report below the teacher’s

points of view, organizing them according to the questions.

Considering the subject of difficulties, Teacher Gabriela reported she had
not met with any difficulty and no barriers to the access. The children felt
comfortable, especially because they could experiment and experience the
workshop. There were no right or wrong answers, making them feel free to enjoy
the experience. Additionally, the children realized they could use the toys they
built to stimulate the Aquarela Virtual. These characteristics made them very
satisfied with the interaction. The experience elicited positive and meaningful
learning for each child; this included not only the workshop but all the involvement
of the families, the school and the researchers that led to the workshop.

We now analyze Alvaro’s case. He blocks himself to new situations and
feels fear of experimenting new things. Usually, in new situations he stares at the
teacher for a while. Then, the teacher talks to him, explains what the situation is
and encourages him to experiment. As a result, the teacher prepared him for the
workshop previously and explained that he could leave or not participate at any
time. She also allowed him to invite a friend to make him feel more confident.
Since the child asked her to stay with him, she stayed the whole workshop
encouraging him and offering stimulus. In the beginning of the workshop Alvaro
asked about his friend and she showed him Paulo at Google Meet. Even though
he saw his friend on the screen, he turned around many times to search for the
friend behind him. After the workshop she explained that Alvaro was simply
enchanted with everything. He did not want to go home and said to his Mom it
was too early to leave the school. Finally, the feeling of interacting with the system
with something he built with his family also offered good things for the child.

To present the results from the activity, we identify the children as: Alvaro
(C1), Paulo (C2), Hebert (C3), Luana (C4), and Leticia (C5). All the transcriptions

kept literally the children's speech, which we tried to preserve in the English
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translation. The original transcription in Portuguese is available at (Pimenta,
Duarte, & Baranauskas, 2022a), which is extended by the present paper.

Table 6-2 presents the questions and answers of the children. During the

photos presentation children spoke and moved as follows:

C2: “l am the fox.”

C3: “l am the cat.”

C4: “| am the koala”

e C2: when he sees his friend’s picture, he points to C1 and says
“Alvaro! Alvaro!”

C2: after seeing his friend’s photo again: “See Alvaro again!”

C3: “Look! Who is this?”

C2: “This is Alvaro.”

C5: “Alvaro it is you with the teacher.”

C1: holds his arms in the chair and moves his legs back and
forth while looking at the screen.

Alvaro participated in the activity together with his classmates. Despite not
responding directly to any question, he answered with words and gestures when
the others made some reference to him (e.g. “No.”) when his teacher asked him

the questions.

In question #3 “Did you make something with the castle?”, Alvaro
responded “No.”. We revised the recording and identified, as present in Figure 6-
8 — left that he used the castle during the interaction. We could not identify the
reason for this answer. The only thing we could notice is that the castle was big,
and it was closer to the teacher than to the child. As a result, the child had to ask
the teacher to give him the castle to show it to the system. Based on that, we
recommend that the interaction artifacts should be closer to the children's

movement area.

We could also observe that Alvaro could make sense of the experience,
as in question #10 “Was that boat on the water ours 7’ he answered with a gesture
saying yes. Moreover, during the workshop and the post activity we noticed that
Alvaro expresses himself by balancing his body or legs when he likes something.
This happened during the photo’s exhibition and at question #17 “Does
everybody understand what was there?”. In this sense, it is possible to observe

that the experience was enjoyable for him, as related by the parents and teacher.
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The thematic analysis of Alvaro’s recording interaction generated the
Thematic Map presented at Figure 6-9. Despite Alvaro’s behavior of blocking
himself during a new experience, the child showed curiosity for 7 times and
distraction only for 4 times. The child also explored the Aquarela 36 times, which
shows that the teacher allowed him to explore Aquarela quite frequently. Cultural
aspects were manifested by the child 13 times. It is worth noting that the theme
with most occurrences is the Local intersubjective between teacher and child
(143 times). As an ASD subject might have some communication issues, this
occurrence indicates that the child was feeling comfortable. The child also
presented some body behavior 52 times and expressed affection 37 times. The
body communication using Gestures occurred 33 times. The Remote
Communication happened 31 times. Finally, the teacher encouragement
occurred 26 times. As the child interacted with the system for 31 times, summing
up with the teacher's answers, we can understand that the interaction of the
teacher made the child comfortable.

As presented in the Thematic Map (Figure 6-9), the four main themes
emerging from the interaction are Enaction & Embodiment related to the Actions
in the Systems. Alvaro could make sense of the experience as we can see him
showing the castle to “Aquarela Virtual” (Figure 6-5 - left). He also developed
curiosity, a sub-theme of Enaction & Embodiment, when he was choosing his
avatar and he asked the teacher if the gorilla was strong. Later in the
conversation, the child asks about the other avatars presented in the login screen,
trying to understand which is the strongest animal. Other two important main
themes are Intersubjectivity, especially in the ASD case. The child could interact
locally and remotely in the workshop and in the group activity. He could use both
interactions: Verbal and Corporal. Finally, Socio-affectivity's main theme could
enlighten the importance of child preparation making him feel comfortable and
the encouragement during the activities. The ASD child had the social perception
in the remote scenarios by looking for his friends and paying attention to the
remote researcher. Although the Thematic Map analyzed the child interaction
during the workshop, the themes are observed in the video of the group activity
held after the workshop.



Table 6- 2: Questions and answers from the children’s activity.
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# Question Children’s Asnwer

1 What were you doing? C3 “We were playing”;
C4 “No, we were
making a thing at the
computer.”

2 What did you do at the -
computer?

3 Did you make something C1 “No.”; C2, C3 I
with the castle? did”; C3 “I made a

castle with hard
paper... colorful and
hard paper.”

4 Why did you make the C3 “lt is from the
castle? activity that has the

computer and the
design”.

5 When you show the castle C2, C3, C4, C5 “Yes!”
to the computer did you
listen to something?

6 What else was there? A C4 “Seagqull...

boat? watercolor...” C3
“Plane, castle...”; C2
“Boat...”; C4 “Sun”; C3
“Plane, sea...”

7 Were there other people on C3 “There was, but
the computer? Who were they didn’t appear”; C5
these people? “Da pipoca’s class”;

C3 “No, there were big
people... there were
adults.”; C4 “There
were adults.”

8 There was a castle. Does C3 “Yes, you showed
this castle have something the camera and |
you had to show to the learned to take
computer? There was a pictures.”

QRcode to show to the
screen?
9 What happens when you C3 “It showed what we

show this QRcode to the
screen?

show, it appeared a
picture”; C3 “When |
showed the boat, it

showed the boat on
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# Question Children’s Asnwer
the water”

10 Was that boat on the water C3 “Yes.”; C5 “Mine

ours? too.”; C4 “Mine too”;
C2 “Yes”; C1
balanced his head
affirmatively.

11 The things you took to the C3 “They were big.”;
workshop (castle, seagull) C4 “Big”; C2 “Big”.
were small or big?

12 Was it difficult to show your C3, C4 “No.”
toy the Aquarela Virtual?

13 Was that easy? C2, C4 “It was.”; C3
balances the head
affirmatively.

14 What did you have there? C4, C2 “There was

Was there color, design?” color.”

15 Was it easy to see these C4 balances the head
colors? affirmatively. C3 “It

was easy.”

16 Was it possible to C4 balances the head
understand the designs that affirmatively. C3, C2
were in the computer? “Yes.”

17 Does everybody understand C1 holds his arms on
what was there? the chair, gets up

and balances his
whole body.

18 Was there something you C2 “We liked it.”; C3
didn’t like? “We like!”; C5 “No.”

19 Did you like everything? C4 balances the head
affirmatively.

20 Besides the adults that were C3 “Ahhh... I don’t
there with you, who else know... | don’t
participated in the remember.”; C4
workshop? Wasn'’t there any “Sophie was there.”;
friend of yours? C5 “We played.”

21 There were friends of yours C4, C5 “There were.”
on the computer?

22 Were they on your side or in C3 “They were in
another place? another place.”

23 How come there were C3 “It is because there

people in other places and
you could see them?

was a camera.”
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# Question Children’s Asnwer
24 And the camera recorded C3 “Yes.”
everybody?

Enaction & Action in
Embodiment the
s System
. Self ; ; From the From the Adult and
Gest wior
Exploratian Srusty esiures oty Reana perception Disiracuon Child Adult Child
Intersubjectivity Socio-affectivity Culture
Local Remote E Social Affective
Communication Communication ncouragement Perception Expression
[Benavior ][ Speeen ][ Emar |
| Avatar | | Emoji | | Video |

Figure 6- 9: Thematic Map from Alvaro's Interaction

6.5. Discussion

Let us return to the research questions of this work, considering first RQ1: Is it
possible to identify equitable access in the use of “Aquarela Virtual”?, the
interview answers regarding the areas of UbiAccess show that yes, it is possible.
All the children, through their answers, indicated that they were able to participate
and make sense of the workshop e.g., C3 says “When | showed the boat, it
showed the boat on the water.”; C2 says “We liked it."; C5 says "We played.").
The teacher report also said there were no access barriers or difficulties for the
children. Regarding Alvaro’s interaction, the teacher reports that the preparation
of the child also increased the child’s confidence. The thematic map confirmed it

through the number of explorations, curiosity and interactions of the child.

Let us now consider RQ2: Are the UbiAccess areas effective to evaluate
access in a socioenactive remote scenario?, Here, we observed that the five
areas brought a view on equitable access in an ubiquitous environment in the
remote context, as for example with question #12 " Was it difficult to show your

toy the Aquarela Virtual?'; this question refers to reading the QR codes and
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covers the areas Multimedia Resources, Information, Environment, to which the
children answered no. Another example involves questions #18 and #19, related
to the Personal area, which asked the children if they liked the experiment, and
the answers were positive for both questions. Nonetheless, both the teacher
report and the Thematic Map might have presented that UbiAccess did not cover
all areas adequately. For instance, the Enaction & Embodiment of the children
giving meaning to the toys and perceiving them as part of the “Aquarela Virtual”
are not adequately covered by UbiAccess. As presented in the Thematic Map,
Encouragement was very important to the ASD child interaction. This aspect and
its subtheme Stimulus remains uncovered by UbiAccess areas.

With regard to the theoretical framework, the socio-enactive aspects
emerged in: 1) relationships with the group when the children realized that their
friends and researchers participated in other places and played with them (e.g.,
C3 says " There was, but they didn’t appear. "; C5 says "Popcorn gang!"; C3 says
"No, they were big people... they were adults."; C4 "They were adults."); 2)
cultural aspects such as the "popcorn class", which is the nickname of one of the
school's classes that participated in the workshop; 3) affectivity through enjoying
the activity; and 4) Embodiment, which is perceived through the statements
related to playing and playing with peers e.g., C3 says “We were playing."), as
well as the perception that the animation was, in fact, her toy. In this way, the
evaluation also revealed the need to add a new area to UbiAccess, namely,
Social, to explain access in terms of intersubjective relationships, which are a

fundamental part of socioenactive interactions.

6.6. Conclusion and future work

This work addressed the issue of access in ubiquitous environments based on
computational technology. The case study presented showed a preliminary
analysis of equitable access in a scenario of remote interaction with a
socioenactive system. The analysis focused on a group of children interacting
with the Aquarela Virtual (Virtual Watercolor) system, and included a child
diagnosed with ASD. The analysis used the UbiAccess evaluation instrument.
Although this instrument was designed for face-to-face scenarios, it proved to be
effective in assessing equitable access in remote environments. This case study
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also pointed out the need to include a new evaluation area in UbiAccess, related
to the Social aspect of interaction in the scenario proposed by the system.

One of the study limitations was related to the lack of interaction with the
ASD child and his family, which would bring greater comfort to the child during
the assessment activity and could provide better information about system
elements being in compliance or not with their more specific needs. Another
limitation refers to the time to schedule the activities for analyzing access,
especially with the participant children. Finally, an activity with the families
expressing their considerations about the effects of the workshops on their
children would address relevant information to better understand the importance

of providing remote interactive activities for all.

Future work involves expanding the Aquarela Virtual system with new
forms of interaction. The participation of children with vision or hearing
impairments is also required for a broader assessment of access. Also desirable
are Ethnographic studies within the school context, aiming to deepen the
understanding of which elements of the computational system can favor the
participation of all, including children diagnosed with ASD, in ubiquitous
computing environments. Interviews with the children's parents can complement
the study by illustrating other aspects of the children's experience when
participating in the workshops. In addition, there is a need for evaluating the
UbiAccess instrument in other perspectives and improving the coverage of the

missing points and areas.
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Apéndice Il - Concurso de Fotografia da SBC

Esta é a foto vencedora do concurso de fotografia e sua folha de
publicacdo na revista®’. Ao olhar para ela, é possivel refletir que a computagéo
precisa atingir os mais diversos lugares, seja nas cidades ou nos ambientes
rurais. A computacao ubiqua tem esse poder, ja que se espalha pelo ambiente.
Ao olhar as botinas de meu avd, reflito que a computagao precisa ser acessivel
para todas as pessoas, independentemente de sua idade ou nivel de
conhecimento, fazendo-me refletir nos desafios que nos cientistas precisamos

vencer para levar a computacao a todo lugar e garantir o acesso equitativo.

Figura 7- 1: Fotografia vencedora do concurso da SBC.

37 Revista Computagao Brasil, 2021, N¢ 45, p.23
https://www.sbc.org.br/component/flippingbook/book/52/1 ?page=23
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