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Resumo

A Web conta com dezenas de milhoes de websites, mas poucos deles estao em conformidade
com requisitos simples de acessibilidade, como utilizar tamanhos relativos ou descrever
elementos gréficos, o que pode indicar problemas de design de Interface de Usuario (IU).
Para se identificar este tipo de problema utiliza-se avaliacao do cédigo de websites. No
entanto, outros problemas surgem apenas durante a interacao do usuario com a IU. Sem
considerar dados resultantes do uso, problemas de usabilidade e/ou barreiras de acessibi-
lidade podem permanecer desconhecidos. Portanto, identificar como usudarios interagem
com IUs é uma forma de detectar problemas de design e descobrir maneiras de utilizacao
diferentes das previstas durante o projeto de IU.

Entre as maneiras de capturar a interacao do usuario com IUs estao a utilizacao de
videos, captura dos movimentos dos olhos do usuario, etc. Na Web, alguns métodos sao
menos indicados que outros devido a necessidade de utilizacao de componentes especificos
de hardware e/ou software, o que pode reduzir a participagdo do piblico alvo e reduzir
a representatividade de uma avaliagao. Para se conhecer como usudarios utilizam a IU na
Web, é possivel utilizar logs capturados no lado do servidor e no lado do cliente. Este
ultimo é o que possibilita a obtencao de mais detalhes e, conseqiientemente, reconstrucao
das acoes do usuario em maior granularidade do que apenas identificar quais paginas o
usuario visitou. Assim, pequenas diferencas durante a interacao podem ser identificadas
e, conseqiientemente, auxiliar especialistas na identificacao de padroes de utilizagao e
possiveis problemas de design.

Dado o volume de dados resultante da captura de eventos no lado do cliente, a uti-
lizagao de ferramentas automaticas se faz necessaria, seja para captura ou para extragao
de informacoes dos logs. Este trabalho apresenta requisitos para ferramentas de avaliagao
de websites baseadas em logs de eventos. Ainda, com base nestes requisitos, define um
modelo de captura assincrona de eventos para auxiliar desenvolvedores de ferramentas de
avaliacao de websites. Assim, requisitos e modelo de captura constituem um ponto de par-
tida para desenvolvedores que desejam capturar logs de eventos disparados no dispositivo
utilizado pelo cliente, apoiando a captura de dados de utilizacao real.

Outra contribuicao apresentada é a especificagao de um modelo para identificar padroes
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de utilizacao da Web mediada por tecnologias assistivas. A implementacao deste mo-
delo demonstra a viabilidade de se capturar dados durante a utilizacao real, envolvendo
usuarios de tecnologias assistivas, em seus ambientes cotidianos de utilizagao da Web. Um
grafo de utilizacao resulta desse modelo. Ele é composto por fluxos de uso e caminhos
mais comuns de uma pagina avaliada, assim como representacoes visuais de diferencas sig-
nificativas nesses fluxos. O modelo também propoe uma técnica de como indicar possiveis
problemas de design nas paginas Web avaliadas, auxiliando na tarefa de avaliar websi-
tes, tendo como foco principal a identificacao de padroes de utilizacao de usuarios de
tecnologias assistivas.
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Abstract

The Web has millions of websites, but few of them are in accordance with simple acces-
sibility requirements such as the use of relative sizes or description of graphic elements,
that can represent User Interface (UI) design problems. To identify this kind of problem
the data source usually used is the Web page’s code. However, other problems may ap-
pear only when the user interacts with the UI. Moreover, without considering usage data,
usability problems and/or accessibility barriers can stay unknown. Thus, identifying how
users interact with Uls is a way of detecting design problems and discovering uses different
from the ones defined during the UI Project phase.

There are different approaches to capturing user interaction with Uls as video capture,
users’ eyes movements, etc. In the Web, some methods are less appropriated than others
due to the need for using specific components of hardware and/or software, which can
reduce the participation of the target audience and reduce how meaningful an evaluation
is. To know how users use the Ul in the Web, it is possible to use logs captured at server-
side and at client-side. The data that can be captured at client-side allows obtaining
more details and, consequently, rebuild user’s actions in a greater granularity than the
identification of the pages that a user had visited. Then, small differences during the
interaction can be identified and may help specialists in the task of identifying usage
patterns and possible design problems.

Due to the amount of data resulted from the event capture at client-side, the use of
automatic tools became necessary for the capture or the extraction of information from
logs. This work presents requirements for website evaluation tools based on event logs. In
addition, according to these requirements, defines an asynchronous event capture model
to help developers of website evaluation tools. Therefore, requirements and capture model
represent a starting point for projects involving the development of tools to capture event
logs triggered at client’s device, supporting the data capture during real use.

Other contribution is the specification of a model to identify patterns of Web usage
mediated by assistive technologies. The development of this model shows the viability of
capturing data during real use, involving assistive technology users, in their common use
environment. A usage graph results from the model. It is constituted by usage flows and
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common walks of an evaluated Web page, as well as the visual representation of significant
differences in these flows. The model also proposes a technique for identifying possible
design problems in evaluated Web pages, helping in the task of evaluating Web pages,
aiming at the identification of usage patterns of assistive technology users.
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Capitulo 1

Introducao

A Web vem, cada vez mais, apoiando servicos de diversas areas e estd se tornando parte
essencial da vida das pessoas na sociedade contemporéanea. Alguns exemplos que impulsi-
onam esse crescimento sao o suporte a comunicacao, possibilidades de entretenimento e a
agilidade agregada a servicos de governo. Assim, buscar que o maximo de pessoas tenha
autonomia para utilizar e contribuir para esses servigos é fundamental.

A Internet conta com cerca de 120 milhoes de websites [13]. Destes, mais de 90%
falham ao serem confrontados com padroes minimos de acessibilidade como fornecer des-
crigoes adequadas para elementos visuais [61], o que revela que hd um longo caminho a
ser percorrido para tornar a Web um ambiente sem barreiras para os usuarios.

A adequacao de websites a requisitos de acessibilidade e usabilidade é uma maneira
promissora de alcangar esse objetivo e remete a avaliagdo da interface de usuério (IU),
muitas vezes apoiada por ferramentas de avaliacao. Existem dois grandes grupos de tais
ferramentas: as que usam o cédigo das paginas Web como fonte de dados e as que usam
dados resultantes da utilizacao (i.e., logs).

Os logs utilizados por ferramentas de avaliacao podem ser capturados no lado do
servidor ou no lado do cliente. A captura de logs no lado do servidor é tecnicamente mais
simples, mas os dados revelam apenas informacoes relacionadas as paginas que os usuarios
visitaram. Em contrapartida, a captura de logs no lado do cliente é mais complexa e
envolve mais tarefas, mas, possibilita a obtencao de informacoes mais detalhadas de como
usuarios interagem com cada elemento da pagina Web.

As ferramentas que usam o cédigo de paginas Web ou que usam logs capturados no lado
do servidor sao fundamentais para avaliagoes de IU. No entanto, devido a heterogeneidade
de hardware e software utilizados para acessar websites, a diversidade de perfis de usuério
e os diversos contextos de uso possiveis, a utilizacao de ferramentas que usam dados de
utilizagao capturados no lado do cliente complementa outros tipos de avaliagoes e pode
revelar como os usuarios interagem com a IU mais detalhadamente. Outro ponto positivo
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em relacao a essa abordagem é a possibilidade de avaliar como usudrios de tecnologias
assistivas interagem enquanto estao em ambientes ja conhecidos, com configuragoes de
software e hardware usadas comumente.

1.1 Contexto e objetivo

Este trabalho surgiu da identificacao da crescente demanda por ferramentas e ambientes
que apodiem a tarefa de tornar websites mais acessiveis e mais usaveis. Essa demanda
¢ impulsionada por diversos fatores, alguns deles sao: o retorno financeiro obtido por
websites que oferecem servigos com boa usabilidade [30] e a legislagao sobre acessibilidade.
No Brasil, por exemplo, o Decreto 5.296/04 aponta que estabelecimentos de ensino de
qualquer nivel deverao proporcionar condigoes de acesso e utilizacao de todos os seus
ambientes para pessoas com deficiéncia ou com mobilidade reduzida [25].

Uma das frentes de trabalho é apoiar a adequacao de websites e correcao de pro-
blemas de codificacao, integrando diferentes tecnologias da Web para alcangar cédigo
valido, usdvel e acessivel. Com este propdsito foi desenvolvido o WARAU! ( Websites
Atendendo a Requisitos de Acessibilidade e Usabilidade). Ele é um ambiente de apoio
para mantenedores de websites que desejam adequar seus websites a requisitos de aces-
sibilidade e usabilidade. Ele também fez parte do projeto PROESP/CAPES, é uma das
acoes do grupo Todos Noés e esta detalhado, juntamente com uma contextualizacao mais
abrangente sobre topicos e iniciativas voltadas a promogao da acessibilidade na Web, no
apéndice C. Outra frente de trabalho é avaliar a utilizacao real de websites, foco principal
deste trabalho.

Com base no levantamento bibliogréfico foi identificado um ntimero ainda pequeno de
propostas de ferramentas que apdiam a captura de dados no lado do cliente durante a
utilizagao real.

Neste contexto, o objetivo deste trabalho é contribuir para a avaliacao de interfaces
Web para que estas sejam mais acessiveis e usaveis por todos, indiscriminadamente. Para
isso foi proposta e desenvolvida uma ferramenta que usa logs de eventos do lado do
cliente para analise de padroes de utilizacao, tendo como foco principal a identificagao
de fluxos de eventos que podem indicar barreiras para usuarios de tecnologias assistivas
e que seriam dificeis de obter em testes presenciais, seja pela dificuldade de encontrar
usudrios totalmente representativos (i.e., usuérios que utilizam o servigo avaliado) quanto
pela utilizacao de ambientes e tarefas nao naturais.

http://warau.nied.unicamp.br
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1.2 Método

O levantamento bibliogréafico inicial reuniu diversas caracteristicas e estratégias ainda nao
utilizadas nas ferramentas de avaliagao existentes. Entao, para guiar o desenvolvimento
do modelo proposto e sua implementagao, utilizou-se como referencial tedrico a Semidtica
Organizacional.

Semiotica Organizacional é uma disciplina que lida com informacao e sistemas de
informacao de uma maneira que leva em consideracao tanto questoes técnicas quanto
aspectos sociais e humanos [75].

A Semioética Organizacional conta com um conjunto de métodos chamado MEASUR
(Methods for Eliciting, Analysing and Specifying Users’ Requirements), que pode ser uti-
lizado por pesquisadores para o entendimento, desenvolvimento, gerenciamento e uso de
sistemas de informacao [58].

O MEASUR conta com 5 métodos principais, sao eles: Problem Articulation Method
(PAM), que auxilia na clarificacdo do problema tratado; Semantic Analysis Method (SAM),
que apdia o levantamento e representacao de requisitos; Norm Analysis Method (NAM),
que fornece meios para especificar padroes gerais de comportamento dos agentes dentro do
sistema; Comunication and Control Analysis, que auxilia na andlise de toda comunicagao
ocorrida entre todos os agentes e sistemas identificados no PAM; Meta-Systems Analysis,
que apdia a solu¢ao de meta-problemas no planejamento e gerenciamento do projeto [58].

Neste trabalho, o artefato do MEASUR utilizado foi a Escada Semidtica. Ela apdia a
andlise de sistemas da informagao em seis diferences degraus, contribuindo para a clari-
ficacao do que é necessario produzir para que um sistema resolva nao somente os problemas
relacionados a plataforma de Tecnologia da Informagao (TT), mas também considere aspec-
tos sociais da utilizacao deste sistema [74]. Ela foi usada para organizar as caracteristicas
e definir os requisitos para ferramentas de avaliacao baseadas em logs de eventos.

Uma vez levantados os requisitos, o foco passou a ser a modelagem do sistema. Para
tanto foram definidos os casos de uso (Apéndice A) e o diagrama de casos de uso (Apéndice
B), modelagem do sistema guiado pelo paradigma de Programagao Orientada a Objetos
(POO), utilizando técnicas apresentadas em [22] para simular propriedades béasicas de
POO em Javascript. Adicionalmente, a modelagem se baseou em padroes de projeto
tratados em [38] e a comunicagao entre os objetos do sistema utilizou o padrao Model-
View-Controler, conforme proposto em [10] para integrar tecnologias Java para Web, como
Java Server Pages e Servlets.

1.3 Contribuicoes e organizacao

As principais contribuigoes deste trabalho sao:
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— Definicao dos requisitos para ferramentas de avaliacao de websites baseadas em logs
de eventos, apresentados em uma instancia da Escada Semidtica;

— Especificacao e implementagao de um modelo para identificar padroes de utilizacao
da Web mediada por tecnologias assistivas;

— Demonstragao da viabilidade de se capturar dados durante a utilizagao real, envol-
vendo usudrios de tecnologias assistivas, em seus ambientes cotidianos de utilizacao.

Os capitulos seguintes apresentam as diferentes etapas do desenvolvimento da ferra-
menta WELFIT? (Web Fvent Logger and Flow Identification Tool), produto principal
deste trabalho. Cada capitulo aborda uma etapa do trabalho e contém texto integral de
relatorios técnicos ou artigos, publicados ou submetidos para conferéncias internacionais.
O encadeamento dos trabalhos se da da seguinte maneira: o capitulo 2 apresenta o levan-
tamento de requisitos para ferramentas de avaliacao baseada em logs de eventos; o capitulo
3 conta com a definicao e detalhes de implementacao do modelo de captura usado para
registrar eventos no lado do cliente, seguindo requisitos elicitados no capitulo 2; o capitulo
4 traz uma forma de representar o volume de eventos capturados pelo data-logger espe-
cificado no capitulo 3, de forma a sumarizar os dados capturados durante véarias sessoes
de utilizacao; o capitulo 5, por sua vez, apresenta os componentes definidos nos capitulos
2, 3 e 4, define o modelo de identificacao de padroes de utilizagao e apresenta sua imple-
mentacao na ferramenta chamada WELFIT. A seguir serao apresentados os capitulos e
seus respectivos locais de publicacao, no caso de trabalhos ja publicados:

e Capitulo 2: “A Prospect of Websites Evaluation Tools Based on Event Logs”?
(2008), Vagner Figuerédo de Santana e Maria Cecilia Calani Baranauskas. Human-
Computer Interaction Symposium - 20th IFIP World Computer Congress, Milao,
Italia, Springer Boston, pp. 99-104.
http://dx.doi.org/10.1007/978-0-387-09678-0_9

A partir da variedade de ferramentas de avaliacao de websites baseadas em logs
existente, sdo apontadas algumas de suas limitagdes (e.g., dependéncia de modelo
de tarefas, dependéncia de plug-ins, utilizacao de tarefas simuladas, separagao de

2http://argos.nied.unicamp.br:8888/welfit/

3Human-Computer Interaction Symposium, Volume 272/2008, 2008, pages 99-104, A Prospect of
Websites Evaluation Tools Based on Event Logs, Vagner Figuerédo de Santana e Maria Cecilia Calani
Baranauskas.
Copyright (©2008 by International Federation for Information Processing. All right reserved. This work
may not be translated or copied in whole or in part without the writen permission of the publisher
(Springer Science+Busines Meida, LCC, 233 Spring Street, New York, NY 10013, USA),except for brief
excerpts in connection with reviews or scholarly analysis.
Chapter used with kind permission of Springer Science+Business Media. Autorizacao no Anexo A.
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acessibilidade de usabilidade, etc). Algumas destas caracteristicas resultam em sis-
temas fortemente acoplados com outros componentes de software e tornam a con-
figuracao e uso mais custosos. Assim, o capitulo levantou pontos fortes e fracos
das ferramentas estudadas. Depois, essas caracteristicas foram reunidas de acordo
com seus assuntos, resultando em 8 aspectos mais concisos e utilizados para agru-
par as caracteristicas de solugoes, limitagoes e lacunas das ferramentas estudadas.
Com este levantamento foi possivel definir requisitos para ferramentas similares em
uma instancia da Escada Semiotica, auxiliando desenvolvedores a reutilizar idéias
consolidadas e evitar pontos fracos ja identificados.

e Capitulo 3: “An Asynchronous Client-Side Event Logger Model” (2008), Vagner
Figueredo de Santana e Maria Cecilia Calani Baranauskas. Relatério técnico 1C-
08-28, publicado no Instituto de Computacao, UNICAMP. Derivado deste relatério
técnico ha o trabalho intitulado ” KEEPING TRACK OF HOW USERS USE CLI-
ENT DEVICES: An Asynchronous Client-Side Event Logger Model”, que foi aceito
para apresentacao no formato de poster e publicacao no formato de quatro paginas
no 11th International Conference on Enterprise Information Systems (ICEIS 2009).

Estudos sobre utilizacao de websites normalmente consideram logs de servidor como
fonte de dados para identificar padroes de uso. Esta solucao apresenta limitacoes
quando o objetivo é representar como usuarios interagem com elementos de IU es-
pecificos, uma vez que esta abordagem pode nao conter informagoes detalhadas sobre
o que os usuarios fazem quando usam uma pagina Web. Este capitulo apresenta
um modelo para capturar logs de eventos no lado do cliente e uma implementagao
como o moédulo cliente da ferramenta chamada WELFIT. O data-logger especifi-
cado conta com componentes responsaveis por enderecar os requisitos definidos no
capitulo 2. Estes componentes enderecam tarefas levantadas nos requisitos que a
ferramenta segue. Exemplos dessas tarefas sao: identificar sessoes, compactar os
logs de eventos usando uma técnica eficiente, conectar com o servidor onde os da-
dos serao persistidos, etc. Através do modelo apresentado, sistemas de mineragao
podem capturar dados de uso da Web mais detalhados e diferentes implementacoes
do modelo podem auxiliar especialistas de Interacdo Humano-Computador (IHC) a
registrar eventos de diversos dispositivos como celulares, controles remotos, set-top
boxes, etc. Por fim, a implementacao do modelo definido foi eficaz e eficiente em
relagao aos requisitos que guiaram seu desenvolvimento.

e Capitulo 4: “Revealing Usage Patterns of Web Pages” (2009), Vagner Figuerédo de
Santana e Maria Cecilia Calani Baranauskas. Artigo submetido para conferéncia
internacional.

A partir do grande volume de dados obtidos ao capturar eventos no lado do cliente,
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é possivel obter padroes de uso de paginas Web. Assim, o desafio de ferramentas
de avaliacao que utilizam esse tipo de fonte de dados passa a ser processar e lidar
com esse grande volume de dados, uma vez que tarefas simples de poucos minutos
podem resultar em uma seqiiéncia de centenas de eventos. Assim, este capitulo
apresenta uma técnica para processar e construir o grafo de utilizacao de paginas
Web e como apresenta-lo visualmente, sumarizando informacoes estatisticas sobre
logs de eventos de diversas sessoes de utilizacao. Assim, a estrutura proporcionada
pelo grafo de utilizacao apdia tanto a andlise dos dados de utilizagao tanto com-
putacionalmente quanto graficamente. Portanto, com representacoes e graficos de
padroes de utilizacao, especialistas de ITHC podem identificar problemas de inter-
face e especialistas em mineracao podem reusd-los para aplicar diferentes técnicas
estatisticas para extrair novas informacoes.

Capitulo 5: “WELFIT: A Web Event Logger and Flow Identification Tool of Client-
Side Logs” (2009), Vagner Figuerédo de Santana e Maria Cecilia Calani Baranaus-
kas. Artigo submetido para conferéncia internacional.

A partir da variedade de fontes de dados utilizadas por ferramentas de avaliacao
de websites (e.g., paginas Web, logs de servidor, movimentos do mouse) é possivel
identificar que poucas permitem avaliagao remota utilizando dados representando a
utilizagao real em uma granularidade maior que o nivel de page-view (Tabela 1.1).
Complementarmente, nao considerar dados que representam a interacao real do
usudrio com a IU pode deixar de revelar problemas de usabilidade e/ou barreiras
de acessibilidade.

Este capitulo apresenta o WELFIT, um sistema que:

— Segue os requisitos definidos no capitulo 2;
— Captura eventos conforme data-logger especificado no capitulo 3;

— Utiliza a técnica de sumarizacao e representacao dos logs de utilizacao apre-
sentada no capitulo 4;

— Especifica e apresenta uma implementacao do modelo proposto com o objetivo
de identificar padroes de utilizagao baseado em logs de eventos.

O sistema depende apenas do suporte a tecnologia utilizada para desenvolver o
modulo cliente, neste caso, Javascript, e da aceitacao do usuéario em participar da
avaliacao. Com o modelo apresentado é possivel capturar dados de utilizacao de
websites durante a utilizacao real, identificando fluxos de utilizagdo e caminhos
comumente percorridos, e representar visualmente diferencas significativas nestes
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Tabela 1.1: Tipos de avaliagao e fonte de dados usadas em trabalhos correlatos.

Ferramenta Avaliagao Fonte de da-
remota dos
Captura e avaliagao WebVIP (1998) Nao Cliente
de logs
WET (1999) Nao Cliente
WebQuilt (2001) Sim Servidor
WebRemUSINE (2002) Sim Cliente
MouseTrack (2006) Sim Cliente
Avaliagao de cédigo Evallris (2004) Sim Paginas Web
de paginas Web
NAUTICUS (2006) Sim Péginas Web
MAGENTA (2006) Sim Paginas Web
Mineracao de logs Web Utilization Miner (1999)  Sim Servidor
de servidor
WebSIFT (2000) Sim Servidor
LumberJack (2002) Sim Servidor
DCW (2007) Sim Servidor

caminhos. Com base nessas representacoes, a ferramenta auxilia especialistas na
identificacao de problemas de design nas paginas avaliadas.

Cada capitulo apresenta uma parte da pesquisa; trabalhos que serviram de base sao

referenciados nos capitulos especificos. A quantidade de dados capturados e mencionados

ao longo do trabalho aumenta de acordo com a etapa em que cada artigo ou relatorio

técnico foi escrito. Finalmente, o modelo e todas as técnicas e métodos utilizados ama-

dureceram durante a pesquisa, portanto, quando sao definidos em mais de um artigo,

ganharam especificagoes mais maduras e informagoes mais recentes sobre a pesquisa, no
que diz respeito ao grau de detalhamento.



Capitulo 2

A Prospect of Websites Evaluation
Tools Based on Event Logs

2.1 Introduction

In the last years many researchers have been working on automatic and remote usability
evaluation of user interfaces focusing on tests with more users without resulting in costly
evaluations [49]. The total or partial use of automatic usability evaluation methods can
reduce time and costs involved in the development of a Web application, as it liberates
specialists from repetitive tasks as manual log analysis [63]. While researchers have fo-
cused on usability issues, less has been done specifically to increase the accessibility level
of the applications. In addition, the integration of Accessibility and Usability (A&U)
concepts is not usual in user interface (UI) evaluation tools.

One of the aspects that make interesting the approach of automatic evaluation is the
remote evaluation during real use, and involving users in their regular environments. In
addition, remote analysis of A& U makes unnecessary the presence of participants in the
test places, which could be a barrier. Moreover, tests in controlled environments are
artificial and may influence the results [65]. Thus, the Ul evaluation in real situations
points to the use of event logs, since it makes possible to capture data while users work
on their regular tasks, in their usual environments [39].

Interface events have a duration ranging from 10 milliseconds to one second [43],
showing that the number of events that occur during few minutes simple tasks can be
huge. Thus, due to the typical amount of interface events, the use of automatic evaluation
tools is usually necessary so that information extracted from the events reach a level of
abstraction that is useful to specialists [43]. This paper identifies solutions, limitations
and gaps of website evaluation tools based on event logs; it is organized as follows: section
2.2 presents ideas well succeeded and the gaps identified; section 2.3 discusses the results
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of this work; section 2.4 presents conclusions and points to new directions.

2.2 Event logs and websites evaluation: identified so-
lutions, limitations, and gaps

UI events are natural results of using windows based interfaces and their components
(e.g., key strokes, mouse clicks) [43]. Since it’s possible to record these events and they
indicate the user behavior during the interface usage, they represent an important source
of information regarding usability. Event logs produce results as frequency of use of
certain functions, places where users spend more time and the sequence they complete
tasks [81].

According to Hong et al. [44], the goal of evaluation software based on event logs is
to use a capture method that is easy to apply to any website, and that is compatible
with various operating systems and Web browsers. This section summarizes the main
issues present in the following tools: WET [37], WebRemUSINE [63], and WebQuilt [44].
Also, we combine some ideas with other works related to the evaluation of websites as, for
example, NAUTICUS [21], a tool that integrates A&U and points to a promising direction
for new tools. Our analysis is organized according to eight aspects: the configuration
needed to use the tools, the capture mechanisms, the ways logs are stored and transmitted,
the dependence on users’ actions, the changes needed at the UI, scalability, levels of
abstraction, and integration of A&U. We present the solutions, limitations we found, and
gaps to be investigated.

1. Regarding the configuration of the environment, i.e. the set of tasks needed for a
tool to be used to evaluate a website, we can point out:

e Solutions — Events capture on the client-side at WET depends only on the
native script languages of the newer browsers (e.g., Javascript), avoiding the
need of plug-ins installation. Other solutions that make possible to capture
across different websites without requiring any change on evaluated Web pages
are the use of a proxy logger to capture server-side data [44], or the use of
specific browser to capture client-side data [17].

e Limitations — Require maintainers of the evaluated website to change their
Web pages so that the data capture starts, as in [63, 37]; or that files must be
hosted on the server of the evaluated websites [37]. Other important points
are the dependency of task models [63] and dependency of specific software
installed, as in [63, 17].
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e Gap — Events capture at client-side across different websites without requiring
any change in the evaluated web pages or using specific browsers.

2. Regarding server-side vs. client-side capture, server-side capture concerns the use of
logs generated only on the server, while client-side capture refers to data obtained
through the recording of information available only on the client’s device.

e Solutions — Use of events triggered at client-side interface, because there are
more detailed data sources of how the user uses a Web site [63, 37]. Also, the
use of a proxy logger to record all communication between the client’s browser
and the visited Web pages, without requiring any change in the evaluated pages
or any plug-in installed in the client’s device [44].

e Limitations — The limitations related to the data capture deals with the sto-
rage of data too, because the amount of data obtained through events on the
client-side is representative and the space available to store them in client’s de-
vice is restricted, as in [37]. On the other hand, when there is space available
on the client-side, the problem arises from the time spent on the log transmis-
sion at the end of a test session, as can occur in [63]. An alternative would be
to use only server-side data, but it can lead to less accurate results [17].

e Gap — The combination of server-side data and the client-side data, since server
data may indicate events not present on the client-side (e.g., response times
of accessing a link). On the other hand, client-side data have more detailed
information about the user route in a Web page.

3. Storing and transmitting logs refers to strategies used to record event logs, including
the location, data storage capacity, and the transfer methods to a server.

e Solutions — Use of a proxy logger that captures the data about client requests
and server responses [44]. Thus, the data storage capacity depends on the
tool server capacity and it’s not necessary to send data to another element.
To avoid the limit of available space in cookies, some components (e.g., Java
applets) can be used to store and transmit client-side events [63].

e Limitations — When recording data on a participant machine, the tool be-
comes dependent on the available space in that device, as in [37]. Moreover,
the transmission of such data at the end of a test session, as in [63, 37], may
require too much bandwidth connection, and thus interfere with the use of the
interface. Another identified limitation deals with the use of software compo-
nents that are plug-ins dependent (e.g., Java applets), as in [63]. This can be
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an obstacle, since the user may not have knowledge to install the plug-in or
doesn’t have a broadband connection to download it quickly.

e Gap — The use of cyclic transmission of event logs from client-side to the
server, avoiding the limit of available space in cookies and the time required to
transfer captured data in batch at the end of a test session.

4. By dependence on user actions we mean what is necessary from the participants for
the tool to start the data capture (e.g., acceptance of the use).

e Solution — The user accesses the first URL from the main page of the tool
and then no further action is required until the end of the test session [44].

e Limitation — Interfere the common use of the interface, requiring that the
user select a task from a list or select options to start and stop the capture
every test session. This may call the user’s attention or even not allow that
the data between these actions be captured, as in [63, 37].

e Gap — An alternative to requiring a user action at the beginning of each test
session is to make the acceptance of a test to be valid for several sessions, until
the user chooses to stop the data capture.

5. Regarding the impacts that the evaluated UI suffers when a tool is in use, the key
metric used is how the presentation of the tool interfere with the use of the website
under evaluation.

e Solutions — Display options to indicate the beginning and the end of cap-
ture [37] or using a Web page, at the beginning of each session [44].

e Limitations — The interface changes concern the reduction of the useful space
for the UI to display any component of the evaluation tool, as occurs in the
presentation of the list of tasks in [63]. Another issue is the change of URLs
used in the pages processed by the tool, as in [44].

e Gap — Ensure that the tools’ controls are always visible, don’t compete with
other UI elements, and don’t reduce the useful area of the Web page.

6. Scalability refers to how the evaluation tools deal with many evaluation sessions or
long test sessions.

e Solutions — The use of specific software (e.g., Web browser, applet Java) that
can access participant’s file system to record logs and then avoid data storage
capacity of cookies, as in [63]. Or use of a proxy logger to keep track of user
requested data [44], depending only on the tool’s server.
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e Limitation — The biggest barrier found was the space available for storage
of logs in cookies, as it is not possible to record all usage, it forces the events
captured to be a reduced sub set of existing events, as in [37].

e Gaps — Avoid limits of cookies without making the tool plug-ins dependent
and avoid to transfer logged data only at the end the tests sessions.

7. As concerns the strategies used to achieve higher levels of abstraction from logs of
events (e.g., implicit interest, use of grammars to relate events).

e Solutions — Using task models and grammars that enable events of Web pages
to be represented as higher levels actions [63] and conversion of low level events
into sequences of actions [44].

e Limitation — Dependency of specific task models and/or grammars to reach
higher levels of abstraction, as in [63].

e Gap — The use of methods that do not depend on task models to obtain
higher level information. A possible alternative to these models is the sequence
characterization based on the Markov Chains [43].

8. Finally, the integration of A& U is necessary, because if developers evaluate them se-
parately, then some problems may appear regarding different priorities for guidelines
interfering in the way the target audience uses an interface.

e Solutions — Development and use of criteria covering aspects of A&U and
evaluation of structure and content of pages [21].

e Limitation — The identified limitation found in NAUTICUS is the dependence
of a dictionary of terms commonly used in bad structured pages.

e Gap — The integration of A&U was not found in websites evaluation tools
based on logs, thus becoming the main gap of the studied tools.
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2.3 Discussion

In this study we could identify characteristics that can strengthen evaluation tools, making
them more robust, less costly, and easier to use and reuse. The integration of A&U has
been identified as the main gap in the analyzed tools. We propose requirements that a logs
based websites evaluation tool should have (Table 2.1). The requirements are organized
in the Semiotic Ladder (SL), an artifact of Organizational Semiotics [73] which provides a
framework for analysis of information systems under six different layers. The SL structure
allows the clarification of concepts and the analysis of information, considering from the
Information Technology (IT) Platform (i.e., physical layer, empirical layer, and syntactic
layer) to the Human information Functions (i.e., semantic layer, pragmatic layer, and
social layer).

Analysis shows that the tools studied meet, mainly, the requirements associated with
layers related to IT Platform (i.e., physical, empirical, and syntactic layers). The require-
ments of the Human Information Functions (i.e., semantic, pragmatic, and social layers)
are hardly addressed. This suggests that new tools must take them into account to achieve
goals related to these layers.
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Table 2.1: Requirements for websites evaluation tools ba-

sed on event logs instantiated in the Semiotic Ladder
Human Information Functions

Social Focus on the integration of accessibility and usability for the target
audience of the evaluated website. Enabling remote testing during real
use of the evaluated website. Interfere with the Web page as minimum
as possible.

Pragmatic Providing controls representing the status of the tool and user context
during the test session. The operation of the tool should use two
actions: one to start the capture, which can stay valid for more than
one session, another to interrupt the capture, which may occur at any
time.

Semantic  Providing high levels of abstraction without depending on task models,
grammars, or specific events.

Information Technology Platform

Syntactic Using all available data (e.g., client-side events and server-side logs)
in order to obtain correlations between them. The combination of the
available data in different components can reveal information impos-
sible to obtain in independent evaluations.

Empirical Preventing that while processing or transmitting logs interfere with
the use of evaluated interface. The tool should implement safe and
effective techniques without impacting on the website usage.

Physical = Do not depend on resources or specific configuration of the participants

devices (e.g., disk space, processor frequency, bandwidth, etc). The
evaluation tool should include mechanisms to achieve their goals in
different configurations of hardware and software.
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2.4 Conclusion

This paper presented a study of websites evaluation tools based on event logs, as well
as different solutions to problems encountered at the event capture, log transmission,
etc. The main results of this work are related to the identification of requirements and
promising investigation subjects. Thus, developers of new websites evaluation tools can
avoid the weaknesses and address some unexplored aspects such as the integration of
A&U, for example. Based on the characteristics present in websites evaluation tools
based on event logs, a set of requirements was proposed and have to be addressed to
avoid the limitations discussed in this work. The next steps of this investigation involves
the development of a website evaluation tool based on logs that combine the solutions in
order to fill as much as possible the identified gaps, taking into account the requirements
listed.



Capitulo 3

An Asynchronous Client-Side Event
Logger Model

3.1 Introduction

Several studies have been addressed Web usage, ranging from Usability and Accessibility
(A&U) guidelines to tools that analyze code, content, or logs of websites. Data Mining has
been defined as the “analysis of (often large) observational data sets to find unsuspected
relationships and to summarize the data in novel ways that are both understandable and
useful to the data owner” [41]. Websites logs are commonly used as data source by data
miners that focus on studying Web usage. The data mining of Web usage emerged as a
new domain called Web Usage Mining (WUM) which is “the process of discovering and
interpreting patterns of user access to the Web information systems by mining the data
collected from user interactions with the system” [69].

WUM algorithms and tools focus mainly on server logs. Server-side data makes pos-
sible to identify the user route in a website requiring less effort, since Web server logs are
a natural product of its use. However, server-side logs do not contain representative data
about the interactions between the user and the Web page [37]. Client-side data have
more detailed information about user actions in a Web page, but require more effort of
the system to capture and transfer data to a local where researchers could analyze them.

Nowadays, HCI community count on tools that keep track of users behavior using
mouse tracks (e.g., MouseTrack [7]) and eye tracks (e.g., eyebox2 [70]), but literature
lacks studies focusing on data captured automatically from the whole diversity of users.
Accessibility evaluation tools need to address some aspects usually not covered by evalu-
ation tools based on mouse events or interaction by using a visual display. How tools that
keep track of mouse or user’s eye movements would help in an evaluation of a University’s
website that has teachers and students that are screen readers users?

17
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In this context, we present a model to log event data that gets as many different events
as possible, since with a large vocabulary of events in the logged data, researchers could
perform many different analyses. One application of this model is to replay what clusters
of users remotely do; this type of result would be costly to do with the videos used in
tests in controlled environments.

The model requires the acceptance of the user to participate of the evaluation; the
events recording are started as soon as s/he accepts it. In addition, a policy of privacy is
implemented to allow the control of the type of events triggered by the participant that
will be logged and transferred (e.g., if the “x” key is pressed then the data recorded will
inform only that some key was pressed in some time and context of use).

After defining the model, we present an implementation of it as a case of study. The
model and its implementation are part of the WELFIT (Web Event Logger and Flow
Identification Tool) project, a work in progress tool to identify barriers that screen reader
users face during a visit to a website being evaluated.

This report is organized as follows: the next section presents works related to client-
side events capture; section 3.3 details the presented model; section 3.4 discusses imple-
mentation issues and details of this model in the Web context; finally, section 3.5 presents
conclusions and future works.

3.2 Client-side event loggers

User Interface events are natural results of using windows based interfaces and their
components (e.g., mouse movements, key strokes, mouse clicks, list selection, etc) [43].
Event logs produce results as frequency of use of certain functions, places where users
spend more time and the sequence that users complete their tasks [81]. Since it is possible
to record these events and they indicate the user behavior during the interface usage, they
represent an important source of information regarding usability.

In this section, we will present WET and WebRemUSINE, client-side event loggers of
Web pages, and discuss their common characteristics. Both tools use empirical data and
are Web-based; however, their models can be generalized to log other kinds of client-side
data-logger. WET focuses in logging data during formal tests (i.e., in test controlled
environments). In contrast, WebRemUSINE can be used in remote tests and in both
formal and informal environments.

The evaluation and comparison of these Web-based tools, including the implementa-
tion of the model proposed here, are made to keep a theoretical unit and to exemplify
how client-side logging can help evaluators to perform studies in different kinds of devi-
ces. Some of implementation issues are tightly closed to Web context, but the overall idea
and model can be applied to other devices (e.g., mobile devices, set-top boxes, and video
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games).

Etgen and Cantor developed an event capture tool called WET (Web Event-Logging
Tool). This tool, in contrast to traditional techniques of logging test sessions that use
manual record of user interactions, makes automatic capture of events that occur on
the client-side, avoiding high costs of time and money present in manual data capture
methods [37].

The log captured by WET is recorded in text format at client-side (i.e., in cookies).
The available space in cookies is about 4 kilobytes. The capture starts when the user
indicates the beginning of a task through clicking on the start option, which is visible
in the pages that use the tool. The capture is interrupted when the user selects the
stop option. The transmission of information to the server occurs only when the stop is
triggered.

WET authors comment that future directions of the project involve the use of Java
applet for logs transmission and the construction of a wizard to assist in the configuration
of the tool [37]. This fact suggests that the aspects of WET that need improvement in
dealing with the client-side logging are: some way to record more data, use a bigger event
vocabulary, and do not depend on user actions.

WebRemUSINE [63] is a tool that makes automatic analysis of websites interaction
logs in order to detect usability problems through remote evaluation. The analysis of
records from WebRemUSINE is based on the comparison between the paths made by
users and the optimum task model configured [63].

To capture events the tool makes use of a technique similar to the WET, but a wider
range of events is used. The storage and transmission of the logs is done through a Java
applet, which allowed the tool to avoid the storage capacity of cookies, scenario that may
occur in WET in cases of longer sessions [63].

For the user, using this tool involves splitting its screen into two regions, one for the
list of tasks that the participant must choose before starting each task, and the other
containing the website being evaluated. Once the preparation phase is completed, the
WebRemUSINE allows the number of sessions to grow without requiring more effort from
specialists. For the authors, one of the improvements planned for the system is the
automatic generation of task models of websites [63]. This fact suggests that the points
of WebRemUSINE that need improvement in dealing to client-side logging are related to:
not depend on plug-ins installed on participant’s device, not interfere in a significant way
with the user interface being evaluated, and not depend on user actions.

These different approaches still have interesting challenges to reach their goals. The
reader may note that the functions these two tools have in common result in a blueprint
of what a client-side data-logger should do. In short, it must record client-side events
that usually result in a large amount of data, interact with the participant of the test
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showing the status of the tool, and transmit the logged data to an eventual server. This
was the starting point for the model specified in the next section. The model proposed in
this technical report details other phases than just recording and transmitting, addressing
other needs, and avoiding some of the limitations of the previous tools. More information
regarding the well succeeded techniques, gaps, and limitations of websites client-side logger
tools are found at [29].

3.3 The client-side event logger model

This section describes the structure and components of the proposed model. It was
built to address the requirements of websites evaluation tools (Table 3.1) elicited in a
study of client-side loggers [29]. The requirements are organized in the Semiotic Ladder
(SL), an artifact of Organizational Semiotics [73] which provides a framework for analysis
of information systems under six different layers, considering the Information Techno-
logy Platform (i.e., physical, empirical, and syntactic layers) and the Human Information
Functions as well (i.e., semantic, pragmatic, and social layers).

The model was designed so that its set up and use require just one change in evaluated
applications: a call to the client-side event logger. Thus, as soon as a participant starts
the test session and accepts to participate of the test, the tool starts to record events
occurred at the client-side until the participant cancels his/her participation.

The developed model started from the use case specification, the domain model elabo-
ration, and responsibility assignment to conceptual classes. The model specification was
designed from the refinement of the main goal of the tool: to capture event at client-
side and transmit the logged data to a server, where all analysis is made. This
statement already indicates two components of the model: the DatalLogger, responsible
for capturing event data, and, the Communicator, responsible for transmitting logs to
the server.

User interface events have a duration ranging from 10 milliseconds to one second [43],
evidencing that the number of events that occurs during few minutes can be huge. Then,
any data-logger that must transmit logged data through an information channel should
have to compact the data to fill the requirements mentioned before. This brought the
need for a component to compact all the data, the LogCompactor.

To deal with the amount of data recorded we propose the use of asynchronous com-
munication with the server as a strategy to avoid using significant resources (i.e., disk
and memory spaces), and to interfere as minimum as possible with the use of the website
being evaluated. However, this solution can represent a limitation since it relies on the
client bandwidth connection to the server. We will discuss how critic this point is in
section 3.5, when we present results of this model.
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Table 3.1: Requirements for websites evaluation tools instantiated in the Semiotic Lad-
der [29].

Human Information Functions

Social Focus on the integration of accessibility and usability for the target au-
dience of the evaluated website. Enabling remote testing during real use
of the evaluated website. Interfere with the Web page as minimum as
possible.
Pragmatic| Providing controls representing the status of the tool and user context
during the test session. The operation of the tool should use two actions:
one to start the capture, which can stay valid for more than one session,
another to interrupt the capture, which may occur at any time.
Semantic | Providing high levels of abstraction without depending on task models,
grammars, or specific events.

Information Technology Platform
Syntactic | Using all available data (e.g., client-side events and server-side logs) in
order to obtain correlations between them. The combination of the avai-
lable data in different components can reveal information impossible to
obtain in independent evaluations.
Empirical | Preventing that while processing or transmitting logs interfere with the
use of evaluated interface. The tool should implement safe and effective
techniques without impacting on the website usage.
Physical | Do not depend on resources or specific configuration of the participants
devices (e.g., disk space, processor frequency, bandwidth, etc). The eva-
luation tool should include mechanisms to achieve their goals in different
configurations of hardware and software.
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To manipulate data and perform record, read, and remove functions, we used a Da-
taAcessObject, responsible to access the data recorded in the users’ device like logs and
session information. In addition, we needed a way to interact with the user and show the
status of the logger, responsibility of the Facade component. To address privacy policies
we created a component responsible to check if the captured data can or cannot be sent
to the server, the PrivacyFilter. Finally, we defined a Factory to create and build all
the components together.

The following sections detail the function and main methods of each of these compo-
nents; an overview of the tool structure is represented in Figure 3.1.

The model addresses the following requirements presented in Table 3.1:

— Physical layer requirement, since it is lightweight (see section 3.4 for implementa-
tion details) and depends on few resources of the users’ devices, achieving its goal
in different configurations of hardware and software;

— Empirical layer requirement, since it process and transmits logs without interfe-
ring with the use of the evaluated interface;

— Syntactic layer requirement, since it uses all event available data that do not
impact on security problems;

— The Semantic layer requirement is partially addressed. The model aims to log
usage data without depending on specific task models, grammars, or events, but it
does not foresee the analysis of the data to reach high levels of abstraction;

— Pragmatic layer requirement, since it provides controls representing the status of
the tool and user context during the user interface test session, which makes possible
that the user interrupts the capture at any time;

— Social layer requirement, since it focuses on interfering as minimum as possible
with the user interface being evaluated. In addition, it makes possible the integration
of A&U, since it keeps track of the interaction through different devices.

The following sections detail the components of the model: DataLogger, Commu-
nicator, LogCompactor, DataAccessObject, Facade, and PrivacyFilter.

3.3.1 DatalLogger

The DataLogger is the central component of the model. The class contains the logic to
manage the logging of events. It communicates with other classes from data layer (e.g.,
DataAccessObject) and interface layer (e.g., Facade, Communicator). Initially, the
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Figure 3.1: The overview of the client-side event logger model. This representation tries to
simplify the whole design so it suppress some attributes, methods (e.g., setters, getters),
and some data and abstract classes.



24 Capitulo 3. An Asynchronous Client-Side Event Logger Model

DataLogger is attached to the subject to be observed (e.g., Window object), so it can
be notified to record all the events occurred. It is inspired on the GoF (Gang of Four)
Observer Pattern. Observer is a behavioral pattern that defines a way to notify dependent
classes when some change occurrs in the subject class [38].

The main attributes of this component are:

— Log data - contains the data of the current package being built. As soon as the
logged data reaches a defined size, the DataLogger creates a package to be sent to
the server;

— Package size - define the limit in bytes of the packages of logs;

— Previous log line - used to check what information changed between the previous
event and the new one. It is used in the compaction procedure, detailed in Log-
Compactor section;

— Clean up cycle - define the interval in seconds in which the packages already confir-
med by the server are deleted;

— Session start, IP address, a ticket, and other information - used to identify users’
sessions and events stream, since the IP of different participations can be the same
(e.g., when requests come from an corporative network).

As soon as it starts to run, DataLogger asks the Facade to show the invitation to
the user. Then, if the invitation is accepted, the DataLogger is notified to start the
event capture, when it attaches the record function to all event handlers of the subject
object.

The DataLogger can also be stopped from recording events in two ways: first, when
the user activates the button to stop recording; second, due to some problem occurred
at the client-side (e.g., if the number of accumulated packages reaches a defined limit).
It is also important to note that every change occurred in the status of the tool must be
informed to the user.

While the participant interacts with the subject (e.g., window-based component),
the events are triggered. Thus, for each event triggered the DataLogger records all
information and build the log line. This line is passed to PrivacyFilter, further passed
to the LogCompactor, and then, finally, added to the current package.

The DataLogger component looks for every defined event, since capturing all client-
side events provide researchers ways of finding different patterns, a requirement to be
addressed by the model.

As log lines are added to the current package the DatalLogger verify if it has reached
the defined package size. If it is the case, then the DatalLogger asks the Communicator
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to send the package to the server. Additionally, it calls the DataAccessObject to record
the package just sent. This register is used if the DataLogger needs to send it again to
the server.

Finally, at a define cycle; the DataLogger executes a method to verify if the server
has sent a confirmation for the already sent packages. Thus, for every confirmation, the
DatalLogger asks the DataAccessObject to delete packages confirmed by the server
and asks the Communicator to delete the confirmation messages that were already
used. When cleaning up, if the DataLogger finds an error message or does not find
a confirmation message, then the DataLogger calls the Communicator to send the
respective packages again.

3.3.2 Communicator

The Communicator component is responsible for controlling the transmission of the
logged data to the server. It keeps all the information regarding the identification of
packages being sent and keeps all the responses emitted by the server. Additionally, it
uses asynchronous transient communications to the server (i.e., by asynchronous we mean
that the client sends a package to the server asynchronously while participants are using
the Web pages; by transient we mean that the server is already waiting for requests). This
characteristic is one of the improvements over the previous mentioned tools, enabling the
recording of a wide variety of events without interfering with the website usage.

The Communicator must use secure methods to transfer the logged data. The packa-
ges can be ciphered or transferred through a secure channel, ensuring that other programs
cannot intercept the packages. However, due to resources dealing with processing time or
technologies, developers can leave the data less protected if they configure a less restrictive
PrivacyFilter.

The main attributes of this component are:

— Responses - a collection of all responses sent by the server;
— Server URL - the address to where all packages are sent.

The Communicator initiates by establishing a connection with the server pointed
by the server URL attribute. Then, for each package mounted by DataLogger, the
Communicator creates a request to the server sending the package just built. Each
package is identified by a ticket, a package name, and a value.

As soon as it receives the server response, it records the response that will be used when
the DataLogger run the clean up procedure. Additionally, it also retrieves and deletes
server responses as needed. These cases occur when the DataLogger cleans up, since it
reads all messages and deletes confirmation messages that will not be used anymore.
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3.3.3 LogCompactor

The LogCompactor was introduced to avoid the heavy consume of client’s bandwidth
connection, that may occur if the raw log is transferred to the server. Additionally, the
compact technique to be used needs to be lightweight, so that the required processing is
not noticed by users while they are using the artifact in evaluation.

In order to define the compaction technique to use, we reduced the search scope to the
simple (and lightweight) compaction techniques. We tried using frequency table based
compaction, in which we represent the most frequent values with short length codes. We
got a compaction around 35%. But when analyzing the raw and the compacted data
we found that the codes were commonly present in subsequent log lines. The Table 3.1
illustrates the sequence found in logged data in wich codes appear in subsequent log lines.

Table 3.1: Event flow data format example using codes 1 and 2 to events
mousemove and click, respectively, and codes 10 and 11 to elements [ob-
ject  HTMLBodyElement]  and  [object ~ HTMLImageElement], respectively.

Timestamp(ms) | Event code | X coordinate | Y coordinate | Element code
400 1 50 50 10
200 1 60 60 10
600 1 70 70 10
700 1 80 80 11
800 2 90 90 11
900 1 100 100 11
1000 1 110 110 11
1100 2 120 120 11

After that analysis and due to event flow data format, we decide to experiment re-
presenting only the changed values (i.e., if an event is repeated many times at the same
place, we just record the complete information of the first occurrence and for the next
ones we record only the time they occurred, since the other values haven’t changed). For
an example, see Table 3.2. This technique brings compaction around 70% without making
the compacting procedure a processor-consuming task.

Before detailing how the compactor works it is important to state that the log lines
we use have fixed column length, even if the just recorded event does not have all the
properties the data-logger is looking for. This approach was used to prevent the client
to send control data to the server (e.g., property identification). Additionally, due to
events flow data format and the compaction used, we prevent the null marker to represent
null/undefined values in log lines, since they come as empty values until they change into
event property data (see Table 3.2).



3.3. The client-side event logger model 27

Table 3.2: An example of how 4 events can be compacted representing only data that
changed. First, the participant moved the mouse over the logo image from coordinates 50
to 100 on the X-axis, then he clicked over the logo at 600 ms after the session has started,
and then after a second he clicked again over the logo. The last column shows how null
values are represented to maintain the fixed column length representation.

Time- | Event X Y Target| Element Referrer

stamp | name coordi- | coordi- | ID name

(ms) nate nate

400 mouseover | 50 200 logo [object HTML | null
Image Element]

500 100

600 click

1600

The compaction has two steps:

1. Since the lines are fixed column length, the first step of compaction is a loop that
verify, for each log line value, if new log line value is equal to the respective one in
the previous log line. If this is the case, then this position on the compacted log
line is replaced by an empty string. Finally, at the end of the loop the compacted
log line is returned to the caller component;

2. The second step was added to improve the compaction obtained by the first step
and reduce the overhead of markers used to separate empty values of the fixed
length log lines. For this purpose, we defined a markup to replace repetitions of
column separators (e.g., commas) by markers indicating the number of repetitions
of the separator. Note that this will be done only if it is worth it (i.e., the number
of commas is greater than the sum of repetition markers and the number used to
represent the repetitions). An example of compaction of the Table 3.2 log data
would be:

400,mouseover,50,200,1logo, [object HTMLImageElement] ,-@
500, ,100{3}@

600,click{5}@

1600{62

Where comma (,) is the column marker, the hyphen (-) is the null marker, the at
(@) is the line marker, and braces ({,}) are open and close markers. We should
note that all the content must be escaped depending on the implemented markup
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preventing conflicts between markers and event data. This means that all markers
used to represent column (,), end of line (@), and so on, that appear in the logged
data must be concatenated with another marker to avoid ambiguity between markup

and data. For example, using the back slash to escape column and line markers we
would get the “\,” and “\@".

Complementing this approach, we defined a fixed codification to event types and to
element names, reducing values as mousemove and click to 1 and 2, for example. In
addition, we used the bigger base available to represent number values with less bytes
(e.g., hexadecimal values, base 32, and so on). The following lines detail these techniques
using the raw log data from Table 3.2:

1. Raw log data using markers to represent column, line, and null values (211 bytes):

400,mouseover,50,200,1logo, [object HTMLImageElement],-@
500,mouseover,100,200,1logo, [object HTMLImageElement],-Q
600,click,100,200,1logo, [object HTMLImageElement],-@
1600,click,100,200,logo, [object HTMLImageElement],-

2. Log data using event type codes, element name codes, and base 32 to represent
numeric values (80 bytes, 62% of compaction):

cg,2,11,68,1lo0g0,1,-0
fk,2,34,68,1l0g0,1,-@
io,1,34,68,lo0go0,1,-Q
1io0,1,34,68,1lo0go,1,-

3. A first step compaction (50 bytes, 76% of compaction):
cg,2,11,68,logo0,1,-0Q
fk P 34 29 9 @

io’l””’©

1io,””’

4. A second step compaction (44 bytes, 79% of compaction):
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cg,2,11,68,logo,1,-0
fk, ,34{4}@

io,1{5}@

1io{6%}

3.3.4 DataAccessObject

The DataAccessObject is based on the Data Access Object (DAO) J2EE Design Pat-
tern. DAO provides a solution to abstract and encapsulate the access to the persistent
storage, managing the connection with the data source to retrieve and record data [6].
The DataAccessObject component is located at data layer and its responsibility is to
perform record, read, and remove actions as the DataLogger requests it. DataAcces-
sObject is the component that access and retrieve data recorded in the users’ device like
logs and session information. In addition, the component defines a name for each package
when creating registries.

3.3.5 Facade

The Facade is the user interface of the logger. It is inspired on the GoF (Gang of Four)
Facade Pattern. Facade is a structural pattern that “defines a higher-level interface that
makes the subsystem easier to use” [38].

The Facade is the class that shows the status of the tool and offer controls to the
participant interact with the system (i.e., DataLogger). Initially, the Facade is asked by
DataLogger to show the invitation and keep the participants aware of what is happening
with the tool. Then, each activation of Facade’s controls calls the respective method at
DataLogger component (e.g., stop recording).

3.3.6 PrivacyFilter

The PrivacyFilter is the component that uses previously defined policies (e.g., not record

which key is pressed when a key press event occur, not record events occurred in a certain

location). These policies can be defined in two levels: first level rules with priority are

defined by the administrator of the tool and second level rules can be defined by the

administrator of the application being evaluated, if they do not conflict with the former.
Two methods are used to define the rules while the tool is recording events:

1. Administrators can specify if some locations cannot be logged through the isAllowed
method. Thus, when a participant accesses some location specified in some rule,
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then the tool does not record events in that location (e.g., login.html). Before
recording, the DataLogger asks permission for PrivacyFilter using the method
isAllowed,;

2. Administrators can specify which information of events cannot be logged through
the filterLogLine method. With this method it is possible to define policies for
each type of event. For example, if there’s a rule to filter every key value when
a participant presses a key, then when some key event is recorded then all values
related to whichever keys were used will be filtered and, consequently, not sent to
the server.

3.3.7 Factory

The Factory is the model creator class. The Factory contains the information to ins-
tantiate and build all components. First, the Factory instantiates itself, following the
Singleton GoF pattern. Singleton is a creational pattern that provides a global point of
access to it [38]. In addition, it uses two other GoF creational patterns: Factory Method,
that “lets a class defer instantiation to subclasses” [38]; and Builder, that “separates
the construction of complex object from its representation so that the same construction
process can create different representations” [38].

This component was designed this way to allow the model to be extended allowing
the definition of other classes used to assembly the DataLogger.

3.4 Implementation issues and results

This section discusses some of the implementation issues and results we achieved when
applying the presented model. As mentioned before, this work is part of a project involving
the evaluation of websites. Thus, the implementation was made using Javascript, a script
language that is native of the newest Web browsers.

The use of this implementation requires only that websites being evaluated insert a
reference to the Javascript in the header of Web pages. From that point, each time an user
access the page, the server fills up the script with information unavailable from Javascript
(e.g., client’s IP, a global identifier for that session, etc.) before serving it. Then, as soon
as the script is loaded at client’s browser, the tool starts to run.

This model behaved well in the implementation using Javascript. However, some
components faced limitations in dealing with security constraints. The main issues are
related to the space available to record information on client’s device and to transfer the
data to a different domain from the website being evaluated.
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The space available to record information in the client’s device is restricted. The first
solution was to use cookies, but the first negative point is that they are limited to a size of
4 kilobytes (kB) and each domain can specify only 20 cookies [60]. This results in a space
of 80kB to a tool that captures approximately 4kB of raw log per second. This might be
a problem, but the asynchronicity of the model dealt with that. Afterwards, the problem
was the time required to record, retrieve, and delete the packages without interfering with
the use of the website. Initially we used the same limits of cookies. Then, to avoid the
time required to manipulate cookies we used the Web page structure in memory, also
known as Document Object Model (DOM) tree. Finally, we used application cookies only
to deal with error recovery and to maintain information valid for more than one session
(e.g., the acceptance of the user to participate of the evaluation).

Another point that contributed to the solution of keeping the logged data in DOM
tree is that some users deactivate cookie support, so the direct dependency of cookies
might reduce the amount of cases to study. We used the same limits imposed by cookies
the keep the tool as lightweight as possible, as stated in the requirements.

The data unit we are saving in cookies are the packages of log, then we are limited to
the use of 20 packages in the DOM tree. Thus, either at clean up cycle or at reaching 10
accumulated packages the DataLogger tries to send it all again. If many errors occur
and the limit of 20 accumulated packages in the client-device is reached, then the tool’s
DatalL.ogger stops to record events. This solution to persist data showed to be efficient
and effective.

The bigger issue implementing the proposed model in Javascript was the asynchro-
nous cross-domain transmissions. The problem was to deal with security restrictions
of the XMLHTTPRequest, a Javascript object widely used object in AJAX (Asynch-
ronous Javascript And XML) applications, which just allows connection between Web
pages/applications hosted at the same domain.

The security restriction is called Same Origin Policy, it “prevents document or script
loaded from one origin from getting or setting properties of a document from a different
origin” [67]. Then, if you try to make an XMLHTTPRequest from one domain to another,
your Web browser probably will pop up a permission denied message.

At first sight, the Same Origin Policy may seem too restrictive, since it blocks the
use of Web services directly via XMLHTTPRequests. However, according to Levitt [55],
allowing scripts to access any domain from within a Web page opens up users to potential
exploitation. Next we discuss some solutions to deal with this policy and finally comment
about the solution we have chosen for this case study.

One of the best initiatives we found is the use of Signed Scripts. This involves “ge-
nerating a digital signature and associating that signature with the script it signs” [66].
With this signature the scripts can obtain privileges to, for example, use cross-domain
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XMLHTTPRequests. However, it is an initiative of the Mozilla project and depends on
the security model implemented in Mozilla’s compatible Web browsers, leaving aside all
users of the other browsers, a price we do not want to pay.

Another interesting solution we found is to use server-side proxy programs, since
the majority of server-side programming languages allow the cross domains connections.
Thus, a participant viewing the Web page index.html at domain www.example.com
would trigger events that will first be sent to the www.example.com Web server, and
then a proxy program would dispatch the information to the location of the server of
the tool (e.g., www.toollocation.com). This is indeed effective, but this solution came
with two negative effects. First, all websites administrators using the logger would have
to configure the proxy, a task that could be simple but also can even require the down-
load of modules or installation of complements. Second, the Web server of the website
using the tool would face a notorious overhead, since each package being sent to the tool’s
server would be passed first to the www.example.com Web server. This price, website
administrators may not pay.

A very simple solution is the Iframe Proxy. In this solution, the information is ex-
changed by the URL of an i¢frame HTML element. This is possible because the document
containing the iframe and the document being referenced in it can both update the
iframe [35]. Thus, the www.example.com application can put a message in the URL
of the iframe calling the www.toollocation.com and then the referenced page can take
this message, process it, and put the response back into the iframe’s URL. After that,
www.example.com can use it at some timeout-defined cycle. This solution is interes-
ting, however, as the iframe is updated some Web browsers (e.g., Microsoft’s Internet
Explorer) plays a sound, a price users should not have to pay.

Another client-side solution is the use of a Flash Proxy. Due to the policy used in
movies in Flash to exchange data between domains it can be used as a proxy to send data
to another server [57]. However the dependency on Flash plug-ins and plug-ins’ versions
would difficult the use of the logger, conflicting with the requirements presented before.

Some proposed solutions to the Same Origin Policy are: JSONRequest, module tag,
content restriction header, W3C Access Control List (ACL) System, and Flash’s crossdo-
main.xml [8]. However, the proposed solutions that would give to Javascript programmers
the power to perform cross-domain requests are JSONRequest and module tag. Thus, we
will detail these two approaches.

Before presenting JSONRequest, we need to introduce what is JSON (JavaScript Ob-
ject Notation). JSON is a data interchange format based on a safe subset of Javascript to
represent simple or complex structured data [23]. Therefore, “JSONRequest is proposed
as a new browser service that allows data exchange with any JSON data server without
exposing users or organization to harm” [23].
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JSONRequest is a solution that acts like the XMLHTTPRequest with the following
changes [8]:

— Uses a minimal set of HI'TP headers, reducing the overall size of requests;
— Cookies would not be transferred, avoiding cross-site cookie issues;
— Accepts only JSON text, ensuring that code could not be sent for execution;

— Each communication failure is randomly scheduled to a retry, frustrating certain
attacks;

— Returns a sequence number so that each response can be easily associated with the
originating request;

— Supports duplex connections, enabling server to initiate communications.

The <module> tag proposes to divide a Web page into a collection of modules that
are secure from each other and provide safe communication. This solution is somewhat
similar to the iframe proxy presented before, but it specifies and foresees different uses.
The communication between the page and modules is only allowed using send/receive
functions and allows exchange data only in JSON text format. In addition, modules
can cooperate only with the Web page, increasing the level of security between different
modules. Thus, due to control over the send/receive communication, crossing domain
between the module and the Web page is irrelevant [24]. According to Crockford [24],
the module tag intent is to begin the process of reaching a consensus on a new Web
browser security model, since Web applications are significantly ahead of Web browsers
technologies.

The solution we are using in this implementation is based on an approach presented
in Levitt [56].

This approach uses the fact that when the script tag is loaded, Web browsers execute
the loaded script, also known as Dynamic Script Tag. Thus, manipulating the DOM tree
and making requests through the creation of script tags dynamically allow asynchronous
cross-domain communication.

When a script tag is created, an HI'TP GET request is sent to the server module, which
processes it and serves the response as JSON content to the caller Web page. HTTP GET
method is used because this approach does not support HTTP POST method. JSON is
used to avoid the parse of other formats (e.g., XML) since JSON can be used directly by
Javascripts programs, what in fact makes this implementation an AJAJ (Asynchronous
Javascript And JSON) application. Finally, the Web page can use the response and delete
the respective script tag object from DOM tree.
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Levitt [56]describes pros and cons of this approach compared to XMLHTTPRequest.
Some of them are:

— Dynamic Script Tag runs identically on more Web browsers than XMLHTTPRe-
quest. An example of that is the Microsoft’s Internet Explorer implementation of
XMLHTTPRequest, that it is different from other Web browsers and requires a
compatibility layer or additional verifications;

— Dynamic Script Tag does not support HT'TP POST method;

— Dynamic Script Tag cannot send and receive individual HT'TP headers; consequen-
tly, it cannot handle errors gracefully through HTTP.

These points might suggest not using it. However, we are aiming not rely on plug-
ins or any other components other than Javascript and Web pages. The dependence
on plug-ins brings the need for installing other software, configuring it, etc. This is a
temporary solution since the technology of most popular Web browsers does not support
completely the model we proposed. Additionally, the security issues due to transmission
of coded logs through HTTP GET can be facilitated through restrictive configuration of
PrivacyFilter, as presented before.

Tests we made in the homepage of the website www.todosnos.unicamp.br, using
random mouse movements over links and page elements, showed that each second of
interaction results in approximately 1kB of compacted logs. Therefore, any participant
using a connection that supports the transmission of 1kB per second plus the mean of
bandwidth connection used by the participant to surf the Web will allow the logger to
behave accordingly to the design and does not interfere with the use of the website. If it
is not the case, then, as specified in the model, the tool must became inactive and does
not record data if the available bandwidth does not allows the transmission of the logged
data according to the defined requirements.

3.5 Conclusion and future works

The model presented in this technical report is an alternative to log client-side usage data.
It can supply data to other applications focusing on discover patterns of what clusters
of users do or just to replay user’s actions during tests in controlled environments, like
the well known video tools used in usability tests. The implementation showed to be
lightweight and addressed the requirements stated for a client-side event logger tool.
During implementation and use of this model, maintainers and developers must always
keep security and privacy in mind, since the information being captured and transmitted
can be critic if it is not made in a safe manner. Accordingly, users must always be aware
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of what is happening in their device and accept to participate before the logger starts to
record events, since the free record of this kind of information without warning the user
would characterize the tool as a spyware, for example.

Among the limitations of the model is the inability to register any action if the user
agent does not support the language used to implement it (e.g., Javascript). Moreover, if
the device using a data-logger based in this model has a connection that transmits data
in a lower speed than data is collected, then the data-logger will not work properly and
consequently stop recording events.

There are different approaches for compacting data, but as stated before we aimed to
find a technique that could balance effectiveness and efficiency for events flow log data.
Thus, one future work to this model is to test different compacting techniques to obtain an
improved lightweight compaction. Another topic to be studied is the addition of detection
and/or correction mechanism for the transmission of compacted data.

Another future improvement is to change the Dynamic Script Tag approach into a
plug-in independent more adequate approach, as soon as it gets implemented (e.g., JSON-
Request, module tag).

Finally, the completion of the WELFIT project foresees the implementation of the
server module, complementing the data-logger. This module will perform WUM using the
logged data to identify barriers that participants faced when navigating through websites.
This project aims to infer high-level patterns of usage without depending on specific task
models or grammars. Reaching this goal will make WELFIT address the Semantic Layer
requirement.



Capitulo 4

Revealing Usage Patterns of Web
Pages

4.1 Introduction

Several studies involving real use log data have been performed and implemented in
website evaluation tools and WUM (Web Usage Mining) algorithms. However, most of
them make use of server log as data source. This trend emerges from the fact that server
logs are a natural product of Web servers functioning; thus the capture of this kind of
data is straightforward. Moreover, they do not provide detailed information about what
users do when they are interacting with UI (User Interface) elements of a Web page in
a granularity level higher than the page-view level [7]. This occurs because Web server
logs keep track of requested pages only, HTTP (HyperText Transfer Protocol) method
used, time of the request, etc., while client-side event logs allow keeping track of all events
triggered from users (e.g. mouse movements, mouse clicks, or pressed keys) or from the
browser (e.g. image is loaded, form receives focus automatically, some error occurs).

Evaluation tools such as WebQuilt [44], LumberJack [45], Descubridor de Conhe-
cimento en la Web [36], Web Utilization Miner [72], WebSIFT [18], for example, use
server-side data logs. Few tools use client-side data event logs. Some examples are
WebRemUSINE [63] and MouseTrack [7].

From now on, we use usage graph as a directed graph where nodes represent trig-
gered events and flow as the representation of transitions of nodes of the usage graph
(Figure 4.1).

In the Web context, accessibility barrier is anything that makes it difficult or impossible
for people with disabilities to use the Web [79]. Usability problems can be defined as Ul
aspects that reduce system’s usability for end users [26]. In some cases, both issues can
occur at the same time. For example, if a Web page has an element, say a link, that
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is too small and then too hard to be pointed by users with disability and users without
disabilities, it represents an accessibility barrier and a usability problem.

Web usage patterns, at Ul event level, represent how users interact with specific Web
page elements. They represent an interesting source of information, opening new possi-
bilities of scenarios of how to evaluate Ul design of websites remotely, using real data.
These characteristics acknowledge the fact that tests in controlled environment are artifi-
cial and may influence the results [65]. Finally, automatic Ul evaluations using client-side
event data allows to record how users use the Web page, making possible the detection
of accessibility barriers and usability problems.

ul, acessibilidade

mouseup
(du=2)

dblclick

prary 100.0%

Figure 4.1: Transitions from the event mouseup to dblclick and click, both with edges
labeled with the percentage of observed transitions, 50%. The element in which the events
were triggered is an Unordered List (UL) with the ID attribute acessibilidade. This indi-
cates that, in observed cases in a certain page, when at mouseup on UL “acessibilidade”,
the next events were dblclick or click.

This work is organized as follows: section 4.2 presents how the client-side data used
in this work was captured; section 4.3 discusses characteristics of client-side event data
and how to build the usage graph; section 4.4 presents how the usage patterns are reve-
aled; section 4.5 presents the results achieved so far; and, finally, section 6 presents the
conclusions.

4.2 Data acquisition

This work is part of the project of a tool called WELFIT (Web Event Logger and Flow
Identification Tool). The project involves the development of a model to capture client-
side event logs, transfer them to a server, and mine the captured logs in order to discover
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usage patterns in Web pages. In addition, the tool aims at pointing out accessibility
barriers and/or usability problems that assistive technologies users may face.

To use client-side event logs the capture should be lightweight and should not interfere
with the website use. The user must be aware of the evaluation and must not feel disturbed
by the system. In addition, the development of new evaluation tools based on client-side
events must consider some specific requirements, since the data capture involves more
tasks (e.g., compacting logs and transferring them to the server). The complete elicitation
of the tool’s requirements is discussed in [29].

WELFIT captures all types of standard Javascript client-side events remotely, during
real use, when users are in their natural usage environment. The capture consider all
types of events, since each one represents one kind of action performed by the user or by
the browser, thus allowing the analysis of everything happened during the session.

When a Web page event is triggered, it travels from high level Web page’s objects (e.g.,
Window, Document) to the target element (i.e., the page element in which the event was
triggered). Consequently, the inclusion of a mechanism to capture all the events triggered
at this root will allow keeping track of all events that pass through this element. The
WELFIT’s capture module specification is detailed elsewhere [28].

Server logs represent information dealing with requested URL (Uniform Resource Lo-
cator), HTTP method used, and so on. In addition to that, if a tool is capturing client-side
events, a simple download of the page, without any device-triggered event, can contain
time-stamped data representing the download time of each image, and window dimensi-
ons. It is worth noting that this simple example can be an interesting case to check the
region or ads that are probably visible to users when visiting a Web page.

Depending on the assistive technology being used, events can be triggered outside
of the Web browser (e.g. screen readers). In the case of screen readers, they take a
snapshot of the page and place it in a virtual buffer, so that users can interact with
elements that cannot receive focus [53]. With this approach some screen readers avoid
triggering events at Web browser, thus hiding valuable information used by the tool.
This can be an obstacle, since in some cases data may be not captured by WELFIT;
however, the approach used by screen readers is due to a limitation of HTML (HyperText
Markup Language) versions earlier than version 5. The new version of HTML will allow
all elements to gain focus, since tabindez attribute became a global attribute [87]. In
addition, the assistive technologies considered are not restricted to screen readers; we also
take into account screen magnifiers, widgets for font resizing, high contrast color scheme,
etc.

The data capture in WELFIT is performed according to the following steps: when a
user accesses the evaluated website, s/he receives an invitation to be part of the evaluation.
In addition, s/he is asked if s/he is using an assistive technology. This information is used
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to mark the session and is used to compare and group users’ sessions. After submitting
the answers, if the user agreed to participate in the evaluation, then the capture starts.

The real data used in this work were captured by WELFIT during the interaction of
users of a research group website called Todos Nés (www.todosnos.unicamp.br). Since
one of the group focuses is the study of accessibility, part of the website’s audience uses
assistive technology. This website was chosen because WELFIT aims to identify usage
flows including the barriers faced by users of assistive technologies.

The data captured during 47 days resulted in 75 sessions, 6 of them coming from
assistive technologies users. All sessions are related to 256 different URLs (i.e., involve
different pages and dynamic pages with different parameter-based content), 273,209 log
lines, and over 80 MB of data. In addition, the average number of visited pages per session
was 3.5 and the average number of events per page was 1,063.

4.3 Representing client-side event data

User interface events have a duration ranging from 10 milliseconds to one second [43],
suggesting that the number of events that occurs during few minutes of interaction can
be huge. Thus, the time measure unit used in client-side event logs must be milliseconds.

Representing these data involves the following elements: the Web page (P), the number
of elements in the page (E1), the number of events available in the language used (Ev),
and the timestamp of the event (T). Initially, each node of the graph representing P was
made using the following values separated by comas: the target element, the element’s
ID or name, if any exist, the triggered event, and the timestamp in which the event was
triggered. Thus, a form element with “welfit” as ID attribute and receiving a focus event at
1000 milliseconds will result in the node named as “form, welfit, focus, 10007, for example.
Additionally, we represent the usage graph not allowing cycles in the directed graph G, so
we could represent all the event sequences to visualize as much information as possible.
However, this approach resulted in graphs with a number of nodes (||V(G)]|) depending
on the number of events per session. This was ineffective since visual reports generated
with this approach had poor usability due to the huge number of nodes representing all
sequences of events.

Afterwards, not considering the timestamp information to give name to the nodes
resulted in more concise graphs, now containing cycles for subsequent events of the same
type, a common situation found in client-side event logs [28]. With this representation the
generated graphs are dependent only on the number of page elements, resulting in graphs
containing a maximum of ||V (G)|| = Elx Ev. Thus, the number of nodes is not influenced
by the number of tracked sessions and the edges representation is more compact. Finally,
we also clustered events related to the same target element to represent client-side usage
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flow in a consistent and reduced way.

Thus, using walks performed by users, which can be defined as non-empties alternating
sequence of vertices and edges [34], we used the Algorithm 1 to build usage graph for a
page P. To represent the graph structure we used the JGraphT [50], which is a free Java
graph library that provides mathematical graph-theory objects and algorithms and also
helps generating graphs in definition languages as Dot [1], for example.

4.4 Usage patterns

With the structure and data obtained with the usage graph, it is possible to extract infor-
mation of walks with greater edge weight values or to check the most performed transitions
between nodes. In dense graphs, simple filters for edge weight or transition percentage
can reduce the overall graph representation, keeping only the most repeated patterns that
show the main event sequences triggered when users interacted with evaluated Web pages.

Once having the usage graph structure and some usage patterns, it is necessary to
evaluate the walks present in the graph in order to find differences between walks to
analyze accessibility and/or usability problems. Thus, to highlight flows in order to
represent differences present in the event sequences we followed the Sequence Alignment
Method (SAM) approach presented in [42] and defined a heuristic to identify possible
accessibility barriers and/or usability problems based on SAM properties.

SAM, also called Edit Distance, is a distance-based technique that represents the
amount of operations necessary to equalize sequences [42]. Then, the lesser the distance
between two sequences, the similar the sequences are. This method reflects structural
information through the order of elements within sequences, contrarily to the commonly
used distance measures based on Euclidean distance [42].

The heuristic we defined aimed at using the average distance to a certain node and
how this measure changes across the flows in the outgoing nodes. This approximation
allows the comparison of distances between more than two sequences at once and at every
node with out degree grater than one.

First, be G the digraph representing page elements of a certain page P and a certain
node of G, say u, has a average distance d,,. Additionally, be u’s neighbors vg, vy, ..., vg,
and d,,, dy,, ..., dy, the respective average distances. Thus, if d,, > d,,, then the in degree
of v; is greater than 1, meaning that it exists some alternative walk to v; that does not
have u as precedent node and has a smaller average distance. Thus, the walk from the
root to u is not the short one, indicating a performance difference and may indicate that
u is part of a walk containing an accessibility barrier and/or usability problem.

Finally, to visually represent them we used a minimum and a maximum threshold.
They are used to define colors for each node according to the following:
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Data: Website and page’s URL
Result: Usage graph structure

1 read sessions of website and URL ;

2 graph <« newgraph ;

3 graph.addVertex(start) ;

4 graph.addVertex(end) ;

5 foreach session in sessions set do

6 read events for session ordered by timestamp ;

7 previousVertex «— start ;

8 distance « O ;

9 events «— start + events + end ;

10 foreach event in events set do

11 vertex < newwvertex ;

12 if event.targetld != null then

13 ‘ vertex.name < event.targetTag+",” +event.targetld ;

14 else if event.targetName != null then

15 ‘ vertex.name <« event.targetTag+",” +event.target Name ;

16 else

17 ‘ vertex.name < event.targetT'ag ;

18 end

19 vertex.name < vertex.name+"," +-event.type ;

20 if !graph.containsVertex( verter ) then

21 vertex.n «— 1 ;

22 vertex.d,, < distance ;

23 graph.addV ertex(vertex) ;

24 else

25 vertex «— graph.getVertex(vertex.name) ;

26 vertex.d, «— (vertex.n % vertex.d, + distance)/(+ + vertex.n) ;

27 graph.setVertex(vertex.name, vertex) ;

28 if graph.containsEdge( previousVertex, vertex) then

29 e <« graph.get Edge(previousVertex, vertex) ;

30 graph.setEdgeW eight(e, e.weight + 1) ;

31 else

32 ‘ graph.add E'dge(previousVertex, vertex) ;

33 end

34 previousVertex «— vertex ;

35 distance 4+ + ;

36 end

37 end

38

Algorithm 1: Procedure used to build the usage graph
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— If the average distance value is greater than the maximum threshold, then the node
needs to be marked as a part of a potential barrier/problem (red);

— If the average distance value is greater than or equal the minimum threshold and
is lesser than or equal the maximum threshold, then the node does not reveal any
novel information since it has a value in the expected interval (yellow);

— If the average distance value is bellow the minimum threshold, then it represents a
shortcut to other walks with greater average distances (green).

4.5 Preliminary results

The flows are compared based on the average distances walked by users from the first
triggered event to all events triggered at all page’s elements. With this, representative
distances differences walked by users to a certain element, combined with the presented
heuristic, reveal significant performance differences, indicating possible design problems
(Figure 4.2).

To generate the visual graph reports we used the graph drawing software called Graph-
viz [1]. The usage graph structure allowed constructing the Dot language source file with
two loops, one reading the vertex set and other reading edges set.

From the visual reports representing usage patterns it is possible to identify strategies
used by assistive technology users. Additionally, some patterns found showed the se-
quence in which events are triggered in the evaluated website, representing how the user
interacts with Web page elements, making possible studies of the effectiveness of some
design decisions. Some of the patterns indicate that people that informed to be assistive
technology users, access the accessibility toolbar containing skip links, font-sizes, etc, as
one of the first navigational elements.

4.6 Conclusion

This work presented how to process logged data and automatically generate usage graphs
summarizing statistic information present in the client-side event logs.

The visual representation of the graph structure and the filter parameters presented in
this work allows the visualization of the flow of events of a Web page, representing more
usual transitions in the usage graph, thus representing how users commonly interact with
page elements.

The patterns and walks presented by the tool are an interesting data source to in-
corporate personalization features. It is possible, for example, to avoid repetitive tasks
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Figure 4.2: An issue found using the presented approaches. At the left, the UL element
identified by “accessibilidade”, that contains links using a hover Cascading Style Sheet
(CSS) pseudo class to increase links’ size (i.e., when the user passes the mouse over the
links, they grow). At right, an extract of a usage graph representing part of a session of
an assistive technology user. This extract shows events triggered at element UL with the
ID “accessibilidade”. The event sequence shows a failed attempt of double clicking at one
of these links due to the resize, lacking the consistency of elements’ dimensions.

like accessing the accessibility toolbar. In addition, it is possible to define global tabindex
based on the most repeated patterns of navigation, thus giving a global order of elements
based on empirical data representing most common users’ real behavior.

Finally, one drawback of this work is that it requires a specialist, knower of user
interface events and elements, to understand the report. Thus, a possible improvement
in the tool is to incorporate an automatic generated summary of the report to make it
more accessible too.
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WELFIT: A Web Event Logger and
Flow Identification Tool of
Client-Side Logs

5.1 Introduction

Accessibility and Usability (A&U) are playing an increasingly important role in the achi-
evement of a successful website [11]. As a result, the evaluation of A&U is an important
phase of User Interface (UI) design. Some UI evaluation methods require capturing, gathe-
ring, or analyzing large data sets, tasks that can be time and resource consuming, leading
to the use of automatic tools. The total or partial use of automatic usability evaluation
methods can reduce time and costs involved in the development of Web applications, as
it liberates specialists from repetitive tasks as manual analysis [63]. Thus, beyond the
improvement that evaluation tools bring to both UI design and website development, they
promote the consistency of evaluations and allow the number of test sessions to scale up,
allowing more participants without increasing the evaluation costs.

Automatic evaluation tools provide an important support for Ul designers and de-
velopers. They help maintainers of websites in many different tasks as validating code,
applying guidelines verification, analyzing website’s structures, and capturing and analy-
zing Web usage data. In websites development, Ul evaluation gains a special responsibility
since the design, development, and maintenance are influenced by other variables. The
rapid pace and tight deadlines involving development and maintenance of websites, af-
fect negatively the effectiveness and reliability of whole processes, from the detection of
failures to the evaluation of benefits and costs of the proposed changes [11].

The UI evaluation can be remote or non-remote. Remote evaluation means that the
user does not need to move to some test environment or lab to participate in the evaluation.
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On the contrary, the non-remote evaluations require the user to be present in a controlled
evaluation environment.

When evaluating UI, the participant can make informal use, when the evaluation re-
quires the completion of freely chosen tasks, or formal use when requires the completion
of specifically selected tasks) [49]. The automation of tools can involve capture (i.e.,
logging usage data), analysis (i.e., identification of problems), and critique (i.e., sugges-
tion of improvements) [49]. These characteristics are interesting since they prevent the
UI use to be biased during the evaluation. Furthermore, tests in controlled environments
are artificial and may influence the results [65].

Events can be defined as effects resulting from user’s or system’s action. They can
occur at client-side and at server-side and often the collection of these events is called,
respectively, client-side logs and server-side logs. Besides, Ul events are natural results of
using window-based interfaces and their components (e.g., mouse movements, key strokes,
mouse clicks, list selection, etc) [43]. Events triggered at client-side are more detailed
data sources of how users use a website [63, 37] than server-side data that can lead to less
accurate results [17]. On the one hand, server-side logs allow keeping track of users’ flow
in the website. On the other hand, client-side logs allow keeping track of users’ flow in a
Web page and in the website.

Usability is the “extent to which a product can be used by specified users to achi-
eve specified goals with effectiveness, efficiency and satisfaction in a specified context of
use” [48]. Web Accessibility means that people with disabilities can perceive, understand,
navigate, interact, and contribute with the Web [79]. The integration of A&U is necessary,
since evaluating them separately may result in different priorities for the problems found
separately in A&U and then interfering in the way the target audience uses the evaluated
website. The lack of such integration may result in usable sites with low accessibility or
accessible sites with low usability [21].

The number of existing automatic evaluation tools of websites is representative and
increases year after year. However, some points were not addressed yet. A tool can
apply automatic usage capture and automatic analysis, but requires a setup and specific
client configuration [29]. In addition, some tools can keep track of users’ eyes or mouse
movement, but lacks capture of usage data from the whole diversity of users, independently
of device or method used to surf the Web [28]. Finally, few tools combine A&U evaluation
or the capture and analysis of accessibility artifacts remotely, during informal use.

From these facts, the focus of our work is on the remote evaluation considering informal
use, since it allows data capture during real use when users are interacting with the
evaluated Ul in their usual environments. Thus, Ul evaluation in real situations points
to the use of event logs, since it makes possible to capture data while users work on their
regular tasks, in their regular environments [39]. Thus, this work presents a tool called
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WELFIT (Web Event Logger and Flow Identification Tool) that uses both automatic
capture and analysis, using client-side logs as data source.

This paper is organized as follows: the next section presents related works and evalu-
ation tools, section 5.3 presents the WELFIT’s model, section 5.4 presents and discusses
the preliminary results, and section 5.5 presents the conclusion.

5.2 Related work

In this section, we will present works correlated to WELFIT that go in the following
different directions: client-side logging tools, proxy-logging tools, Web page’s content
evaluation tools, and Web Usage Mining (WUM) tools.

WebVIP is one of the first efforts to capture client-side events automatically. The
vocabulary of events, which stands for the number of different event types, is restricted
to the events: key press/release, pointer press/release/move, enter/leave widget, and
enter/leave window. The environment configuration requires a local copy of the entire
website being evaluated so that the tool can include the event handling and the code
responsible for capturing events [59)].

WET is a logger for formal tests. It uses cookies to store logged data, influencing
the reduction of the vocabulary of events due to available space issues. The user must
indicate the starting and ending of the capture through tool’s controls [37].

WebRemUSINE is a tool that makes automatic capture and analysis of websites inte-
raction logs in order to detect usability problems through remote evaluation. The analysis
of records is based on the comparison between the paths made by users and the optimum
task model configured. The storage and transmission are made by a Java applet compo-
nent. In addition, the user must select the tasks s/he is performing so that the events
captured can be related to the task selected by the user [63].

WebQuilt is an automatic capture and analysis tool that uses page-view level logs
as data source. It uses a proxy-logger that mediates between users and Web servers
and stores the communication between them. This characteristic prevents changes in
the client-side, enables the identification of a large number of people navigating between
different websites, and allows tests to be made remotely. Thus, a participant must just
start the test session at the website of the tool, so that the tool starts keeping track of the
communication between the client and Web servers to which requests are sent. This makes
possible usability tests on any website, even if the evaluators are not the maintainers of
the websites visited by the participants [44].

MouseTrack is a proxy-based usability system that performs automatic capture and
analysis. It provides an online configuration and visualization tool that shows the mouse
path followed by website visitors. The tool fetches the Web pages being evaluated and
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modifies them by inserting Javascript code responsible to capture mouse movements.
Then, when a user clicks in one link of a page changed by the tool, the mouse movements
coordinate set just recorded is sent with the request to the tool’s proxy, which records the
mouse movement coordinates and returns the requested page to the user [7].

NAUTICUS (New Accessibility and Usability Tool for Interactive Control in Universal
Websites) is a content evaluation tool that performs automatic analysis and critique,
checking if a website is usable for users interacting through screen readers. In addition,
it is one of the first efforts combining A& U in an evaluation tool. NAUTICUS applies
verifications according to a set of criteria stated by the tool’s authors in order to help
designers and developers to apply them consistently. The 19 criteria intend to be general
principles that should be considered during the development phase of websites [21].

Evallris is a web-based system that performs automatic analysis and critique using
Web pages’ code to check the conformity with configurable guidelines. The tool applies
the guidelines and returns errors and warnings found in the evaluated Web page. The
report can be presented as a list or attached to the evaluated Web page, putting the
errors messages in the places they appear. It also provides the feature of evaluation as
Web service, allowing its use as a component of other tools [3].

MAGENTA (Multi-Analysis of Guidelines by an Enhanced Tool for Accessibility)
is a web-based system that performs automatic analysis and critique using Web pages’
code to check whether a website is accessible and usable. The tool applies verifications
using configured guidelines and returns suggestions of how to deal with problems found,
helping in the task of modifying the implementation in order to improve website’s A&U.
In addition, the tool uses a Guideline Abstraction Language markup to allow changes in
the guidelines set; also, it provides a visual editor for the guidelines [54].

Web Utilization Miner is a miner system for the discovery of navigation patterns
in websites using server-logs as data source. The tool provides a declarative language
that allows a human expert to define the criteria of how interesting is the information
contained in the server logs. In addition, it uses directed graphs as representation for the
patterns [72].

WebSIFT (Web Site Information Filter) is a miner system that uses server-side data
and count on algorithms to identify interesting knowledge dealing with usage, content,
and structure [18].

LumberJack is a tool that processes Web server logs and uses the content and hyper-
links to build a model of user activity. It applies clustering analysis and then computes a
number of statistical analyses for each discovered group [45].

DCW (Descubridor de Conhecimento en la Web) is a tool that uses WUM over server-
side logs in order to discover navigation patterns and association rules [36].

Some of these works have drawbacks and gaps discussed in [29]. Thus, to address some
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of them, WELFIT aims to provide a simple environment configuration and uses client-
side capture during real use of the broadest possible audience, without requiring specific
devices or events vocabulary. In addition, it does not depend on user’s action to perform
primary functions (e.g., send data to the server or attach session’s data to a task selected
by the user). Moreover, it does not depend on technology support on the client-side other
than Javascript, a native technology of the newest Web browsers. In addition to that, it
integrates A&U in website evaluation. Finally, it uses WUM techniques to identify usage
patterns in a granularity level higher than the page-view level without depending on task
models to do that.

5.3 WELFIT: Conceptual model and system

The WELFIT is a tool that uses automatic capture and analysis in order to identify usage
patterns and accessibility barriers and/or usability problems, using client-side event logs as
data source. The system’s model has two modules: client and server. In order to address
gaps and provide mechanisms lacking in studied tools, WELFIT follows the requirements
for websites evaluation tools based on event logs detailed in [29]. In the next sections,
we will present characteristics of client-side log format used by the tool, the tool’s model,
WUM techniques used in the system, and, finally, reports generated.

5.3.1 Log format

Capturing client-side events bring more responsibilities and tasks to the automatic capture
tool, other than just gathering logs as occurs when using server-side logs. Functions such
as compact, build packages of logs, and send them to the server, are examples of tasks
that should be performed when capturing client-side data [28]. These tasks result from
the fact that the logs need to be recorded outside of the client device and, consequently,
logs need to be transmitted using the minimum bandwidth as possible, leading to the use
of data compression and other techniques.

Tools and studies using server-side log as data source already deal with huge volumes
of data. Moreover, when changing from the page-view level to Ul events level this volume
tends to get bigger proportions, mainly because the time measure unit pass from seconds
to milliseconds and what was a simple page-view may turn into a stream of hundreds of
events [28].

From the fact that subsequent log lines contain correlated information of events or Ul
elements [28], we used a 2-phases incremental compression technique based on the Run
Length Encoding (RLE), which is a lightweight method of data compression that avoids
representing data that does not changed. The first phase uses a y-axis RLE compression,



50Capitulo 5. WELFIT: A Web Event Logger and Flow Identification Tool of Client-Side Logs

keeping in the new log line only the data that changed in relation to the previous log line
and empting columns that have the same value that the previous one. To save space in
the representation of the log lines, a fixed length column was used. Due to this, we apply
the second phase of the RLE-based compaction, now on the x-axis, replacing series of
column separators of empty columns by the number of repetitions that they occur [28].

With this technique, we obtained an average compaction of 55% in packages already
using codes for tag names and event types (e.g., the tag a is 1, the event type click is 4),
resulting in a good starting point to a lightweight automatic client-side events capture
tool, since it follows the requirements presented in [29].

5.3.2 Tool’s model

WELFIT has two main modules: the client module was implemented in Javascript and
follows the MVC (Model View Controller) pattern; the server module was implemented
using Java related technologies, also following the MVC, using POJOs (Plain Old Java
Objects) at Model, Java Servlets at Controller, and JSPs (Java Server Pages) at View.

The client module is responsible to capture events at client-side, compact the data,
and transmit the logged data to the server. The server module receives the data sent by
client modules and store them for future analysis.

The tool requires a user’s browser supporting the technology used to implement the
data-logger, in this case Javascript, and the user’s acceptance to participate in the evalu-
ation. The specification and implementation details of the client-side logger can be found
in [28].

The environment configuration has tree steps:

1. The website administrator must register him/herself at WELFIT’s Web adminis-
trative interface;

2. Once logged, the administrator can register the websites s/he wants to evaluate;

3. Once the website is registered, s/he includes the call to the client-module Javascript
as the last component of the page (i.e., just before the </body> tag) in all website’s

pages.

We assume that the best place to include the client module call is between the tags
<head> and </head> or just after the <body> tag, since this positioning allows the
logger to capture events as soon as possible, loading the client module as one of the first
page elements. However, the position we are using tries to keep the client module more
browser independent as possible due to an Internet Explorer 7 bug.
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Figure 5.1: Overview of WELFIT’s client-server model components, and message ex-
change.

This can cause the logger to lose some Ul events since it is the last thing to be loaded.
The rationale behind this decision is that the side effect of the bug is critical. The problem
occurs due to the dynamic creation of page elements while the page is loading and its
side effect is to close suddenly the referred browser just after presenting the message
“Operation aborted” [19]. This bug was fixed in the new version of the Internet Explorer.

As soon as the website’s administrator inserts the call to the client module in the
website’s pages, the WELFIT starts to work (see Figure 5.1 for an overview of WELFIT
functioning). After the user request and download of a page in the website being evaluated,
a request is made to the WELFIT server to download the client module. Then, the server
module verifies if the request is coming from a registered website. If this is the case, then
the server builds the client module, which has a fixed and a built-on-the-fly component.

The client module’s fixed component has the implementation of all objects except by
the Factory component, which is the component built differently according to the request.
The Factory is responsible to instantiate itself and all other objects and, consequently,
contains all the information necessary to create the client module.

When building the Factory, the server module associates a unique ticket number to
each download of the client module and insert the respective JSessionlD on the Factory
component. At the client-side, we use application cookies to keep JSessionID and the
first ticket obtained. Then, when starting up, the client module verifies if there is some
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information for WELFIT and, if this is the case, reuses it.

If it is the first time the user sees the website being evaluated by WELFIT, then the
invitation is presented to the user on the top of the pages and the logger remains stopped
until the user accepts to participate. In this study, we attached to the participation
acceptance, a question asking if the user is using assistive technology. This information
is used at mining phase and will be detailed in the next section.

Finally, when the user submits the invitation form, the answers and the time the session
started are recorded in application cookies and are sent to the server, which associates the
session and ticket information with these data. Thus, if the user accepted to participate,
the client module starts to record all triggered events defined for standard Javascript.
Therefore, if the user accesses other page of a website that s/he agreed to participate,
then the capture starts as soon as the client module is loaded.

During the event capture, all events are put into a package of configurable limited size.
Then, as soon as the package being built reaches the configured limit, it is sent to the
server. Moreover, each package is identified by a package counter, the ticket being used
by the user, and the respective JSessionID. FEach event that is part of the event stream is
time stamped in milliseconds from the session start.

The limit used for the packages is 1 kilobyte and the limit of packages that are kept
on the client is 20. Then, in order to follow the requirements in [29] and design the
client module as lightweight as possible, we used the DOM (Document Object Model)
tree structure to store the packages.

The client-server communication is performed according to the following policy: the
client modules ask the server to store the logs and it answers the requests. Then, at a
defined clean up cycle, the server responses are checked by the client module. The clean
up cycle used was 10 seconds or 10 accumulated packages (i.e., not deleted at client due
to some error or network delay).

At the client module, as soon as a package completes the size limit, it is sent to the
server using the Dynamic Script Tag approach, which allows cross-domain AJAJ (Asyn-
chronous Javascript And JSON). Details and the complete specification and justification
of the client module’s implementation can be found in [28].

At the server module, as soon as it receives a client module request, it verifies the refer-
rer and the information sent. Then, we use the following server answers:
DENIED@pack_number for packages coming from not registered websites,
ERROR@pack number if some error occurred during the data storage, and
OK@pack_number if the package was recorded successfully.

When the client receives the server’s answer, the module stores it and, in the next
clean up cycle, the confirmed packages are deleted, the error packages are resent, and, if
the denied message is received, the client module halts. Another halt situation occurs if
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the user’s bandwidth connection does not support the amount of recorded data, what will
cause the 20 accumulated packages limit to be reached.

As a strategy to avoid losing the last packages of logged data, we set the Window’s
unload event handler to trigger the cleanup cycle and then resend pending packages. This
means that, when the user is leaving a page, the client module tries to send unconfirmed
packages again.

For users who do not use screen readers, the invitation appears at the top of the
evaluated Web pages and, once the form is answered, the invitation is reduced to a small
widget at the same position that the invitation form. This widget shows the tool’s status
(i.e., recording or stopped) and provides controls to stop/start the capture if the user
decides to cancel the participation. In addition, screen reader users need to be aware
of the evaluation and receive the invitation in similar manner. Regarding this, we allow
the configuration of the tabindezr of the invitation, so by setting the minimum value of
tabindez for the form invitation, the user can perceive it as one of the first page elements.
Thus, after the submission of the invitation, the widget being presented does not use the
tabindex value, since it could represent a barrier for screen reader users on the consecutive
accesses.

This model showed to be effective and efficient, since it does not interfere with the Ul
usage for users with average bandwidth greater than 1 kilobyte per second, which is the
average amount of Ul event log of compressed data found in the empirical results.

5.3.3 Web Usage Mining

WUM is “the process of discovering and interpreting patterns of user access to the Web
information systems by mining the data collected from user interactions with the sys-
tem” [69]. In the WELFIT project, WUM is used to classify sessions as coming from
assistive technology or not, and to group the walks in a way to identify usage patterns
and UI design problems, presenting reports visually to specialists.

The use of WUM in the project aims at reusing ideas already applied to server logs in
client-side event logs, aiming to not depend on specific task models or grammars to infer
high level actions from Ul events.

While server logs studies use the main elements as Web pages, we split session eva-
luation to a detailed page-view evaluation. Thus, instead of page elements we used the
concatenation of a certain event in a certain page element, with a certain ID or name, if
this is the case. With this approach, it was possible to represent data in a consistent and
reduced way.

Before applying WUM techniques on the logged data, we searched for methods, tech-
niques, and algorithms to use as an experiment starting point. Thus, to discover clusters
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with arbitrary shape we used distance measures [40]. Furthermore, distance-based expe-
riments use initially Euclidean distance. However, when using Euclidean distance-based
measures between two sessions’ event flows, some structural information regarding the
order in which the events occur may not be well reflected [42]. Moreover, the order of
visited pages reveals important information for the purpose of supporting and increasing
user satisfaction [42].

In an effort to take into account the structural information present on event flows,
the approach we follow is based on SAM (Sequence Alignment Method) [42]. SAM, also
known as Edit Distance, is a distance-based measure that gives a score representing the
amount of operations necessary to transform a source sequence (z[l..m]) into a target
sequence (y[1..n]) [42, 20].

Some allowed operations to transform z[1..m| into y[1..n], using an auxiliary array z,
are the following [20]:

1. Copy a character from z to z by setting z[j] = x[i] and then incrementing both i
and 7.

2. Replace a character form x by another character ¢, by setting z[j] = ¢, and then
incrementing both ¢ and j.

3. Delete a character from x by incrementing ¢ but leaving j alone.

4. Insert the character ¢ into z by setting z[j] = ¢ and then incrementing j, but leaving
1 alone.

5. Twiddle (i.e., exchange) the next two characters by copying them from z to z but
in the opposite order; we do so by setting z[j] = x[i + 1] and z[j + 1] = z[¢] and
then setting i =742 and j = j + 2.

From these operations, the SAM distance we used is calculated as the sum of the
number of the operations, and each of them multiplied by a respective weight. We assume
that the weight of copy operation is 0 so that, if two sequences are equal, then the
SAM distance between them is 0. Moreover, we also assume that the weight of replace
operations (w,) is less than or equal the sum of deletion (wy) and insertion weight (w;),
since it represents a deletion and an insertion (5.2). For the same reason, we assume that
the weight of twiddle operations (w;) is less than or equal 2 times the replace weight (5.3).
Finally, the values we used are: wy =1, w; = 1, w, = 2, and w; = 3, so that the operation
of replacing is equal to a deletion and a insertion, and twiddle are % of 2 replacements (5.1).

dsAM(Sl,Sg) = wgD + w;l +w, R+ w/T. (51)
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w, < wg + w; (5.2)
wy < 2w, (5.3)

To classify the sessions as coming from technology assistive users or not, we calculated,
for each page, the edit distance for all pairs of sessions (i.e., dganm(S;, S;) for all i and
j). It is worth noting that, for each of these pairs, this computation is made just once,
and then the calculated distance is recorded in the tool’s database. Thus, we find the
maximum distance (d,,q.) between the most opposites event streams (say S, and S;), then
all streams Si having dgap(S,,S;) < d"% are grouped with S,. In doing so, all streams
S; having dsan(Se, S;) < d’”ﬁ are grouped with 5.

Once the groups are formed, we check the support in each one to be flagged as the
assistive technology group, based on the number of participants that answered that are
using assistive technology. These groups represent that the users in that group used the
UI and triggered sequences of events in a similar way.

There are different possible sequences of operations to transform the source into the
target [20]. The order of operations applied to sequences when calculating the dgays is
copy, twiddle, replace, delete, and insert.

We compute the unknown distances as the administrator requests a report, since the
known distances are already in the tool’s database. However, for websites with big volume
of sessions and users, this approach may not be effective and deserve more study to allow
this classification to occur in real time.

From now on, we refer to digraphs for each Web page containing the event flows
occurred in the respective page. Each of these digraphs contains two artificial nodes,
namely start and end. As already mentioned before, each node is the concatenation of
the element tag, element name or ID, and event. For example, a node representation for
a focus event at the WELFIT’s invitation form is: form, welfit, focus. Finally, in these
digraphs we use the events flow as walk in graphs, as repeated nodes and cycles contain
relevant information to the tool, since they may indicate UI design problems and/or usage
patterns.

To identify UI design problems in a digraph of a certain page it would be necessary
to search for significant distances between different walks up to a certain node, for each
node. Although this could bring interesting results, it would be impractical to apply it
on the fly, as the administrator requests a report. Due to this, we defined a heuristic that
tries to get some properties of the SAM using the average distance to a certain digraph
node as a metric, evaluating how this average distance changes in the outgoing nodes.
Thus, differences in these distances will result in more delete and insert operations in a
dgsap comparison.

The SAM-based heuristic works as follows. First, consider G the digraph representing
page elements of a certain page P and a certain node of GG, say u, has an average distance
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d,. Additionally, consider u’s neighbors vy, vq,...,v;, and dy,, d,,, ..., d,, the respective
average distances.

Since u is in all walks passing through u, then we assume that from root start node
to the previous nodes of u, they are part of the same walk and the edit distance does not
indicate a problem.

Thus, if d,, > d,,, then the in degree of v; is greater than 1, meaning that there exists
some alternative walk to v; that does not have u as precedent and has a lesser average
distance. Thus, the walk from the root passing through w to reach v; is not the short
one, what may indicate that u is part of a walk containing an accessibility barrier or
accessibility problem (Figure 5.2).

Figure 5.2: Properties used by the SAM-based heuristic. If d,, > d,,, then vy has another
incident edge coming from a node different from u and with a less average distance.

Then, if d,, is greater than the average of d,,, dy,, ..., dy, plus the standard deviation,
which is the defined threshold, then it represents a significant difference at node u. This
heuristic allows the approximated comparison of distances between more than two walks
at every node. Thus, it is possible to find significant average distances that may indicate
UI design problems.

5.3.4 Data visualization

WELFIT reports are visual and this is why the data visualization plays an important
role for the system. From the graph structure used by the tool keeping all WUM results
is possible to generate graph representations in different formats. The report generation
was made through the experimentation of different graphing engines and structures to
represent usage patterns and UI events. The software used to generate PDF (Portable
Document Format) reports is Graphviz [1], an open source graph visualization software
that counts on different graph engines and auxiliary tools.
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The communication between WELFIT server module and the Graphviz is made by
the graph source document, using the Dot language, passed to the graphing tool, which
in turn returns the reports. The Graphviz’s tested engines were Dot, Neato, FDP, and
Circo. The most readable results were returned by Dot engine, which is the one WELFIT
is currently using. However, for Web pages having a reasonable number of page elements
the presentation has poor usability. Due to this and to the client-side log format [28], we
clustered graph nodes by elements in which they were triggered.

5.4 Preliminary results

The real data used in this work were captured during evaluation of the website of the
research group called Todos Nés (www.todosnos.unicamp.br). This website was chosen
because part of its audience uses assistive technology. The data captured during 60 days
resulted 85 recorded sessions, 6 of them coming from assistive technology users. All
sessions are related to 269 different URLs, and 278,450 log lines. The results of this work
point in two main directions: the viability of capturing data at Ul event level during
real use and identifying usage patterns from the collected data. The data captured using
Javascript and the plug-in independent technique does not interfered with the usage,
respecting the requirements elicited in [29] for data logging.

WELFIT’s reports show usage patterns and strategies that users applied when in-
teracting with Web pages elements. Moreover, with these information it is possible to
identify possible usability and/or accessibility issues highlighted by the tool (Figure 5.3).

5.4.1 Discussion

The system and the model presented in this work open new possibilities of application
of WUM techniques commonly used to extract novel information from server-side logs
using client-side event logs, and to evaluate how users interact with Ul elements of Web
pages. However, in contrast to these contributions the tool and approach presented here
still have some limitations.

The tool’s visual reports require that a specialist knows events and Web page elements
in order to understand the report. Moreover, since the graphs drawn by the system use
page elements identified by an ID or name to create clusters of nodes, the lack of these IDs
may make difficult the task of the specialist to find and change the specific page element.
This situation is caused because using this approach the graphs are more compact and
will represent how users interact with that type of element; as an alternative, the tool
could generate IDs based on the element’s position in the DOM tree, which would result
in crowded graphs and making even more difficult the task of the graph drawing tool
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Figure 5.3: Patterns of accessibility from users: A) Attempts to click in a list element of
accessibility toolbar; B) Highlighted click node shows attempts of clicking in an element.

used.

The issues found when drawing large graphs are related to the size, number of clusters,
number of nodes, and, specially, the number of edges. In sessions containing many events
it is necessary to apply filters to reduce restrictions of the drawing tool. The filters used
are transition percentage between nodes and/or absolute number of transitions between
nodes. With these filters we could show the more frequent patterns, but applying some
of then may blur the overall usage flow, since the filtered edges may fragment the graph,
which may not containing all users’ flows from start to end.

The classification we used initially considered two groups, but more detailed informa-
tion about these groups can be obtained by grouping them into more correlated ones.
Thus, as future investigations we should considered other goals as, for example, divide
the group until it reaches a specified support of 70%. This may lead to flows groups of
more similar sequences of events.

Finally, in contrast to server logs studies, tracking session of Ul event data allows the
use of cookies and thus facilitates the task of reconstructing users’ sessions [14].

5.5 Conclusion

The presented tool implements the developed model to capture client-side Web data
and identify usage flows, highlighting patterns and possible A&U issues. In addition,
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WELFIT focused in filling the requirements and gaps presented in [29]. The tool focus on
the integration of A&U for the target audience, allowing remote testing during real use,
interfering with the Web page presentation and functioning as minimum as possible. The
tool avoids that the logs processing and logs transmission tasks interfere with Ul usage
though the use of lightweight and asynchronous techniques. It also provides tool’s status
and tool’s controls and does not depend on specific plug-in on client’s device. Finally,
WELFIT uses WUM techniques to reveal usage patterns without depending on specific
task models or grammars.

Usage patterns showed sequences of actions of participants that inform they were
using assistive technology and that it was possible to improve the Ul design and provide
personalization features like automatic resizing or defining tabindezr based on navigation
patterns found.

Beyond the focus used in this study, WELFIT’s model allows other focuses as eva-
luating websites performance according to specific users’ characteristics (e.g., bandwidth
connection, user agent, etc) and/or analysing other attributes present in the client-side
event logs (e.g., mouse coordinates, shortcuts used, average time elapsed).
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Conclusoes

A Web conta com servicos cada vez mais importantes para os cidadaos. No entanto,
a maioria dos websites nao oferece servigos acessiveis para todo seu piblico. Decisoes
tomadas nas etapas de projeto de IU podem nao considerar alguns contextos de uso
ou usuarios com deficiéncias especificas. Complementarmente, identificar barreiras de
acessibilidade e problemas de usabilidade em websites depende da avaliagao de codigo e
de logs resultantes da utilizacao real do website.

A identificacdo de padroes de utilizagao da Web durante tarefas reais, utilizando uma
configuracao comum de software e hardware, é um ponto promissor para se obter dados
sobre a utilizagao real da IU e informagoes sobre quais acoes foram efetuadas pelos usuérios
durante a utilizagao de um website.

A avaliacao de websites considerando dados reais envolve grandes quantidades de da-
dos. Quando os dados utilizados sao log de eventos disparados no lado do cliente esse
volume ¢ ainda maior, uma vez que um simples page-view representado em uma linha
de log de servidor Web pode resultar em uma seqiiéncia de centenas de eventos. O de-
senvolvimento de ferramentas que possam lidar com grandes quantidades de dados deve
levar em consideracao diversos aspectos desde os recursos computacionais necessarios para
executar tarefas de captura e transmissao, até aqueles que impedem que o funcionamento
da ferramenta de captura atrapalhe o usuario durante a execugao de sua tarefa.

Nesta dissertacao foi apresentada a especificacao de um conjunto de requisitos para
ferramentas de captura de eventos disparados no lado do cliente. Segundo esses requisitos,
foi definido um modelo contendo dois moédulos, sendo um responsavel pela captura de
dados de eventos no lado do cliente e outro pela avaliacao dos logs destes eventos. Por
fim, foi desenvolvida uma ferramenta materializando o modelo e demonstrando como é
possivel capturar, transmitir e persistir logs de eventos disparados no lado do cliente,
assim como obter informagoes de mais alto nivel sem necessitar de gramaticas especificas
para inferir problemas de design de IU.

61
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A especificacao dos requisitos apresentada no capitulo 2 considerou diferentes cenarios
e buscou tornar o funcionamento do sistema o mais transparente possivel, apresentando
controles e feedback necessarios para os participantes. Ainda, foram levantadas carac-
teristicas que podem fortalecer ferramentas de avaliacao, tornando-as mais robustas, me-
nos custosas e mais faceis de usar e reusar. Foi possivel identificar que as ferramentas
avaliadas lidam principalmente com requisitos relacionados a plataforma de TI, deixando
de enderecar requisitos relacionados as fun¢des humanas.

O modelo de captura de eventos definido no capitulo 3 possibilita que avaliacoes se-
melhantes as apresentadas neste trabalho possam ser feitas em diversos dispositivos como
celulares, palmtops, video games e set-top boxes utilizados em aplicacoes interativas para
TV Digital, permitindo que a captura nao interfira na utilizacao do website desde que
conte com uma conexao que comporte a sobrecarga relativa a transmissao dos dados
capturados, o que no contexto da Web representa uma média de 1kB por segundo para
transmitir pacotes de logs.

Extrair informacgoes de alto nivel a partir do volume de dados obtido por ferramentas
que utilizam [logs de eventos disparados no lado do cliente continua sendo um desafio.
Assim, técnicas que apdiem a extracao e sumarizacao de padroes de utilizagao, como a
apresentada no capitulo 4, podem ajudar na identificacao de barreiras de acessibilidade
e/ou problemas de usabilidade. A técnica apresentada é baseada em uma medida de
distancia utilizando as cadeias de eventos e considerando a ordem em que ocorreram,
indicando diferencas significativas de performance até certo evento em certo elemento, o
que pode indicar problemas de design e/ou barreiras de acessibilidade. Adicionalmente,
foi apresentado como gerar graficos representando os grafos de utilizacao com o software
de geracao de grafos chamado Graphviz.

Com a utilizacao da ferramenta apresentada no capitulo 5 foi possivel demonstrar a
viabilidade de capturar eventos disparados em paginas Web, no lado do cliente. Com isso
possibilita-se envolver usuarios de tecnologias assistivas em seus ambientes cotidianos de
utilizacao, com configuracgoes de software e hardware comuns.

A partir dos graficos representando padroes de utilizacao é possivel identificar es-
tratégias utilizadas pelos usuarios. Assim, uma vez que a seqiiéncia em que os eventos sao
disparados representa como os usuarios interagem com a IU, é possivel aplicar estudos so-
bre a eficacia de decisoes de design. Os dados capturados pela ferramenta representam 85
sessoes de utilizagao do website do grupo de pesquisa Todos No6s. Deste niimero, 6 sessoes
sao de usudrios que informaram que estavam utilizando tecnologias assistivas durante a
utilizagao do website estudado.

Com a avaliacao continuada apoiada pelo WELFIT é possivel identificar padroes de
utilizacao da Web mediada por tecnologias assistivas, complementando outros tipos de
avaliagao. Este tipo de ferramenta tem um novo papel em relacao a avaliacao, uma vez



63

que seu objetivo é olhar como um determinado website é utilizado, de maneira isolada
de quem usa e de quem desenvolve websites. Ainda, os resultados obtidos incitam outros
estudos estatisticos sobre os dados capturados (e.g., tempo, coordenadas de movimentos
do mouse, teclas de atalho) e abrem caminho para outros estudos como utilizar os padroes
de uso identificados para incorporar recursos de personalizagao.

A partir das contribuicoes deste trabalho é possivel aplicar estudos detalhados so-
bre como usuarios de tecnologias assistivas usam websites, fomentando, por exemplo, o
desenvolvimento de interfaces ajustaveis tendo como base os dados coletados e padroes
identificados. Além disso, é possivel analisar como usudrios acessam o website enquanto
executam tarefas reais e em ambientes cotidianos de utilizagao. A ferramenta contribui
para o desenvolvimento de interfaces de usuario que sejam mais acessiveis e usaveis por
todos indiscriminadamente.

Os relatérios resultantes do uso da ferramenta, contendo o grafico representando o
fluxo dos eventos, exigem um especialista conhecedor de eventos e elementos de paginas
Web para compreender o grafo de utilizacao. Complementarmente, os grafos podem ser
extensos e a tarefa do especialista de identificar problemas e entender o fluxo de eventos
como um todo pode ser dificil dependendo da quantidade de dados e do algoritmo utilizado
para gerar grafos.

Os grafos desenhados pelo sistema utilizam o ID ou nome dos elementos para identificar
vértices desses grafos; a falta desses dados de identificacao pode tornar mais dificil a tarefa
de um especialista em encontrar um elemento especifico para corrigir um problema. Esta
estratégia torna os grafos de utilizacdo mais compactos e representam como usuarios
interagem com certo tipo de elemento. Para estudos em que se deseja obter informacoes
mais detalhadas sobre como usuarios interagem com cada elemento, é possivel gerar IDs
automaticamente com base no posicionamento de cada elemento na arvore DOM. No
entanto, isto resultaria em grafos mais densos e tornaria ainda mais dificil a tarefa da
ferramenta responsavel por desenhar grafos e do especialista em navegar nesses grafos.

Alguns problemas encontrados durante a geracao das representacoes graficas de gran-
des grafos de utilizacao (i.e., contendo centenas de nds e arestas) estao relacionados ao
tamanho, niimero de elementos da respectiva pagina, nimero de vértices e, especialmente,
o numero de arestas. FExistem algumas ferramentas desenvolvidas para desenhar grafos
grandes, mas as ferramentas encontradas nao permitem que os grafos contenham ciclos,
clusters, ou rétulos nos vértices ou arestas. Assim, um dos trabalhos futuros envolve tes-
tes com outras ferramentas geradoras de grafos, aumentando a eficiéncia e eficacia com
que o sistema apresenta as imagens contendo os grafos de utilizacao.

Para lidar com grafos grandes foram incorporados filtros para facilitar a tarefa do
software gerador de grafos utilizado. Os filtros sao: porcentagem de transigoes entre
vértices e/ou niimero absoluto de transigoes entre vértices. Com eles é possivel apresentar
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padroes mais freqiientes de eventos; entretanto, certas combinagoes podem dividir o grafo
em um numero grande de componentes, impossibilitando a visualizacao do fluxo de eventos
do comeco ao fim.

A classificacao utilizada neste trabalho considerou dois grupos, mas informagoes mais
detalhadas sobre esses grupos poderiam ser obtidas através da divisao desses grupos em
outros mais fortemente correlacionados. Entao, como estudo futuro pode ser considerado
como objetivo obter grupos contendo seqiiéncias mais fortemente relacionadas ou dividir
grupos até que alcancem um suporte especifico de 70%, levando em consideracao questoes
de desempenho e o tempo levado pela ferramenta para retornar o grafo de utilizacao para
os avaliadores.

A préxima utilizacao da ferramenta resultante desta dissertacao sera feita no website
Vila na Rede!, que é um espaco para a comunidade de moradores da Vila Unido, bairro
de Campinas, compartilhar produtos, servigos, eventos e idéias, levando para a Web a
rede social ja existente. O Vila na Rede é um sistema piloto desenvolvido pelo grupo de
pesquisa e-Cidadania, que tem como objetivo estudar e propor solugoes aos desafios do
design da interacao e IU em sistemas relacionados ao contexto do exercicio de cidadania.

As principais contribuicoes deste trabalho sdao os requisitos para ferramentas de ava-
liacao de websites baseadas em logs de eventos, especificacao e implementagao de um
modelo de identificacao de padroes de utilizacao da Web e a demonstracao da viabilidade
de se capturar dados no lado cliente durante a utilizagao real. Finalmente, o trabalho
apresentado nesta dissertacao contribui para a area de IHC ao tratar questoes relevantes
a avaliagao de IU. O sistema desenvolvido auxilia na identificagao de diferencas significa-
tivas entre cadeias de eventos, possibilitando ao especialista a identificacao de padroes de
utilizagao e problemas de design. O foco na identificacao de fluxos de eventos que podem
indicar barreiras para usuarios de tecnologias assistivas é um dos principais diferenciais
da proposta de solugao apresentada, uma vez que coletar dados contendo a mesma repre-
sentatividade em relacao ao publico alvo e tarefas seria mais dificil caso fossem realizados
testes em ambientes controlados envolvendo tarefas pré-determinadas.

http://www.vilanarede.org.br



Apeéendice A

Casos de uso

A.1 Convida usuario

A.1.1 Informacoes caracteristicas

Objetivo no contexto: Apresentar convite de participacao aos usuarios do website em
avaliacao.

Escopo: Mddulo cliente.

Nivel: Tarefa primaria.

Pré-condicoes: Website em avaliacao utiliza o mddulo cliente do WELFIT, estd
cadastrado no sistema e o Javascript esta habilitado no computador do usuério.

Pés-condigao de sucesso: Convite é apresentado ao usuario.

Pés-condigao de falha: Convite nao é apresentado e, conseqiientemente, a captura
nao pode ser iniciada.

Ator primario: Mdédulo cliente.

Gatilho: Mdédulo cliente é carregado no dispositivo do usuario.

A.1.2 Cenario principal de sucesso

1. Médulo cliente apresenta o convite de participagao (Figura A.1) com as perguntas
“Aceita participar da avaliacao deste website?” e “Voceé esta usando alguma tecno-
logia assistiva?” e com o link “Mais informacoes”, que apresenta mais informacoes
sobre o funcionamento da ferramenta e sobre a avaliagao.

2. Usuario acessa o convite.

65
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N 7 WELFIT esta avaliando este website

Aceita participar da avaliagdo deste website? o Sim o Nio

Vocé esta usando alguma tecnologia assistiva? o Sim o Nao

Mais informacdes

-
HParado @ Gravando M Parar avaliagéo

Figura A.1: Convite apresentado aos usuarios do website em avaliacao.

A.1.3 Extensoes

2.a - Usuario acessa link “Mais informagoes” : Um breve texto é apresentado ao usudrio
explicando o funcionamento da ferramenta e como a avaliacao é feita, incluindo questoes
de e privacidade.

A.1.4 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 5 segundos para o convite ser apresentado.
Freqiiéncia: Uma vez para cada usudrio que visitar o website em avaliagao, até que
ele responda.
Canal até ator primario: Navegador.

A.1.5 Agendamento

Previsao: Versao 1.0

A.2 Responde convite

A.2.1 Informacoes caracteristicas

Objetivo no contexto: Responder ao convite de participacao.

Escopo: Mdédulo cliente.

Nivel: Tarefa primaria.

Pré-condicoes: Convite esta acessivel ao usudrio.

Pés-condigao de sucesso: Mddulo cliente inicia captura de eventos.

Pés-condigao de falha: Usudrio nao identifica o convite ou o ignora e inicia a
utilizagao do website sem participar da avaliacao.

Ator primario: Usuario.

Gatilho: Apresentagao do convite.
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A.2.2 Cenario principal de sucesso

1. Usuério aceita o convite.

2. O médulo cliente grava informagdes (e.g., nimero de ticket, respostas) do usudrio
em cookie de aplicagao e inicia o registro de eventos.

3. A regiao da interface utilizada para apresentar o convite é entao reduzida para apre-
sentar o status da ferramenta (e.g., gravando, parado) e disponibilizar mecanismos
para o usudrio interromper a captura a qualquer momento (Figura A.2).

(9 ecrance )

Figura A.2: Convite é reduzido para apresentar o status da ferramenta.

A.2.3 Extensoes

1.a - Usuério recusa convite : Mddulo cliente fica inativo e convite é fechado.

A.2.4 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Cerca de 10 segundos.
Freqiiéncia: Uma vez para cada usudario que visitar o website em avaliacao.
Canal até ator primario: Regiao superior das paginas do website em avaliacao.

A.2.5 Agendamento

Previsao: Versao 1.0.

A.3 Captura eventos

A.3.1 Informacoes caracteristicas

Objetivo no contexto: Capturar eventos disparados no lado do cliente.
Escopo: Mddulo cliente.
Nivel: Tarefa primaria.
Pré-condigoes: Usuario aceitou participar da avaliacao.
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Pés-condigao de sucesso: Eventos ocorridos no lado do cliente sao capturados e
gravados em memoria.

Poés-condicao de falha: Mdédulo cliente nao captura eventos.

Ator primario: Mddulo cliente.

Gatilho: Convite é aceito pelo usuario.

A.3.2 Cenario principal de sucesso

1. Moédulo cliente captura eventos disparados no lado do cliente.
2. Moédulo cliente monta a linha de log correspondente ao evento capturado.

3. Moédulo cliente grava linha de log em memoria.

A.3.3 Informacgoes relacionadas

Prioridade: Alta.

Meta de performance: Execucao em poucos milissegundos.

Freqiiéncia: Durante toda a sessao de utilizacao do website, a cada evento ocorrido
no lado do cliente.

Canal até ator primario: Paginas Web.

A.3.4 Agendamento

Previsao: Versao 1.0

A.4 Compacta log

A.4.1 Informacoes caracteristicas

Objetivo no contexto: Compactar eventos capturados e grava-los em um pacote.

Escopo: Mddulo cliente.

Nivel: Sub-funcao.

Pré-condicoes: Evento foi capturado e gravado em memoria.

Pés-condigao de sucesso: Linha de log é compactada e gravada no pacote sendo
construido.

Pés-condigao de falha: Linha de log é gravada sem compactacao.

Ator primario: Mddulo cliente.

Gatilho: Um evento é gravado em memdria.



A.4. Compacta log 69

A.4.2 Cenario principal de sucesso

1. Linha de log ¢ montada com o evento capturado, seja ela a linha 3.
2. Grava-se o contetido de ¢ em uma variavel auxiliar.

3. Compara-se i com a linha gravada anteriormente no pacote (em meméria), seja ela
a linha ¢ — 1, e todos os dados repetidos em i sdo trocados por vazio (i.e., 7).

4. Agora, a linha ¢ pode ser compactada novamente substituindo caracteres que se re-
petem na linha de log por uma representacao desse caractere imediatamente seguido
por uma marcacao representando o nimero de vezes que ele se repete. Exemplo:
o delimitador de campos pode se repetir véarias vezes para campos vazios, entao,
ele pode ser combinado com um numero que representa seu niimero de ocorréncias

44 7

(e.g., o trecho “ ., ,,,,,,”, de 10 bytes, passa a ser “ {10}”, agora com 5 bytes).
5. 1 — 1 recebe o contetido da variavel auxiliar.
6. Calcula-se o tamanho do pacote.

7. Se as i linhas de log formam um pacote de tamanho menor que o limite configurado
(default 1kB), a i-ésima linha é adicionada ao pacote atual.

A.4.3 Extensoes

l.a - Se linha ¢ é a primeira do pacote : linha de log é gravada na integra.

5.a - Se as ¢ linhas de log formam um pacote maior que tamanho configurado, um
pacote contendo i-1 linhas é estd pronto para ser transmitido e a i-ésima é inserida na
integra em um novo pacote.

A.4.4 Informacoes relacionadas

Prioridade: Alta.

Meta de performance: Execucao em poucos milissegundos.

Freqiiéncia: Durante toda a sessao de utilizagao do website, a cada evento ocorrido
no lado do cliente.

Canal até ator primario: Dados em memoria.

A.4.5 Agendamento

Previsao: Versao 1.0
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A.5 Envia log para o servidor

A.5.1 Informacoes caracteristicas

Objetivo no contexto: Enviar dados armazenados em memoria para o modulo servidor.

Escopo: Mdédulo cliente.

Nivel: Tarefa primaria.

Pré-condicoes: Pacotes estao gravados em memoria.

Pés-condigao de sucesso: Pacote é transmitido para o médulo servidor e o espaco
que era ocupado pelos pacote é entao liberado para novos pacotes.

Poés-condicao de falha: Pacote deve ser retransmitido.

Ator primario: Mddulo cliente.

Gatilho: Pacote é criado ou 10 pacotes acumulados na méquina do cliente.

A.5.2 Cenario principal de sucesso

1. Médulo cliente envia, de maneira assincrona, os dados gravados para o modulo
servidor, solicitando implicitamente o armazenamento dos pacotes.

2. Para cada pacote recebido o moddulo servidor responde ao médulo cliente que a
gravacao foi bem sucedida.

3. Para cada resposta positiva vinda do servidor, o moédulo cliente libera o espaco
correspondente ao pacote gravado no servidor. A resposta do servidor deve conter
o nome do pacote gravado, por exemplo, OK@[nome do pacote].

A.5.3 Extensoes

3.a - Se a resposta do médulo servidor for negativa (e.g., ERROR@[nome do pacote]) :
moédulo cliente nao deve apagar o respectivo pacote, pois vai reenvia-lo em ciclo definido.

3.b - A cada ciclo de 10 segundos ou 10 pacotes acumulados no cliente : médulo cliente
deve reenviar pacotes dos quais nao recebeu resposta positiva.

A.5.4 Informacoes relacionadas

Prioridade: Alta
Meta de performance: Envio de [ogs e processamento das respostas em cerca de 2
segundos.
Freqiiéncia: Ao montar pacote ou se 10 ou mais pacotes estiverem acumulados.
Canal até ator primario: Dados em memoria.
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Atores secundarios: Mddulo servidor.
Canal até o ator secundario: HTTP.

A.5.5 Agendamento

Previsao: Versao 1.0.

A.6 Grava log

A.6.1 Informacoes caracteristicas

Objetivo no contexto: Gravar os pacotes de logs no médulo servidor do WELFIT.

Escopo: Mddulo servidor.

Nivel: Tarefa primaria.

Pré-condigoes: Mdédulo cliente envia pacote para o mddulo servidor e modulo servi-
dor esta ativo e sem falhas.

Pés-condigao de sucesso: Pacote é gravado e médulo servidor envia resposta para
o modulo cliente.

Poés-condigao de falha: Mdédulo servidor informa ao moédulo cliente que houve erro
na gravacao dos logs enviados.

Ator primario: Mdédulo servidor.

Gatilho: Mdédulo servidor recebe dados do médulo cliente.

A.6.2 Cenario principal de sucesso

1. Modulo servidor recebe pacote do modulo cliente.
2. Modulo servidor verifica se o website ao qual o pacote se refere esta cadastrado.

3. Médulo servidor grava o pacote e envia confirmacao (e.g., OK@[nome do pacote))
para o modulo cliente, que pode entao descartar o pacote que acabou de ser gravado.

A.6.3 Extensoes

2.a - Se o website remetente nao estiver cadastrado : modulo servidor envia a mensagem
DENIED@[nome do pacote] para o médulo cliente, que entao interrompe a captura no
respectivo website.

3.a - Se houver algum erro na gravacao : moédulo servidor envia mensagem de erro
(e.g., ERROR@[nome do pacote|) para o médulo cliente, que sera responsavel por reenviar
o pacote que nao foi gravado.
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A.6.4 Informacoes relacionadas

Prioridade: Alta.

Meta de performance: Gravacao de pacote e envio das respostas em menos de 1
segundo.

Freqiiéncia: A cada segundo de utilizagao do website avaliado.

Canal até ator primario: Sistema de arquivos ou banco de dados.

Atores secundarios: Mdédulo cliente.

Canal até o ator secundario: HTTP.

A.6.5 Agendamento

Previsao: Versao 1.0.

A.7 Autenticacao

A.7.1 Informacoes caracteristicas

Objetivo no contexto: Autenticar no sistema.
Escopo: Médulo servidor.
Nivel: Tarefa primaria.
Pré-condicoes: Usudrio esta cadastrado.
Pés-condigao de sucesso: Usudrio estd autenticado para utilizar o sistema.
Pés-condigao de falha: Usuério nao pode acessar areas restritas do sistema.
Ator primario: Administrador.
Gatilho: Acessar qualquer pagina de areas restritas do sistema.

A.7.2 Cenario principal de sucesso

1. Usudrio preenche e-mail e senha e envia o formuléario de autenticacao.

2. Sistema devolve para o usuario validado a pagina inicial da administracao da fer-
ramenta contendo os websites associados a ele, as opg¢oes para editar informacoes
de cada website (e.g., restringir a captura de logs em regides do website) e solicitar
relatorios.

A.7.3 Extensoes

2.a - Usudrio nao esta cadastrado no sistema ou senha incorreta : Sistema devolve para o
usuario uma pagina informando o ocorrido.
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A.7.4 Informacgoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 10 segundos.
Freqiiéncia: Uma vez por sessao para cada administrador que acessar o sistema.
Canal até ator primario: Pagina de autenticacao do sistema.

A.7.5 Agendamento

Previsao: Versao 1.0.

A.8 Cadastra administrador

A.8.1 Informacgoes caracteristicas

Objetivo no contexto: Cadastrar administrador.
Escopo: Mddulo servidor.
Nivel: Tarefa primaria.
Pré-condicoes: E-mail do novo administrador nao esta cadastrado no sistema.
Pés-condigao de sucesso: Cadastro do novo administrador esté validado no sistema.
Pés-condigao de falha: Cadastro nao é concluido.
Ator primario: Administrador de websites.
Gatilho: Usudrio acessa a pagina de cadastro de administrador de websites.

A.8.2 Cenario principal de sucesso

1. Novo usuério preenche nome, e-mail e senha.
2. Sistema verifica se e-mail nao estéd cadastrado e validado.

3. Novo usudrio recebe a confirmacao do cadastro.

A.8.3 Informacgoes relacionadas

Prioridade: Média.
Meta de performance: Menos de 1 minuto.
Freqiiéncia: Uma vez para cada administrador cadastrado.
Canal até ator primario: Pagina de cadastro e e-mail de validacao de e-mail.
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A.8.4 Agendamento

Previsao: Versao 1.0.

A.9 Atualiza administrador

A.9.1 Informacoes caracteristicas

Objetivo no contexto: Atualizar informagoes de administradores da ferramenta.
Escopo: Mddulo servidor.
Nivel: Tarefa primaria.
Pré-condicoes: Administrador esta autenticado.
Pés-condigao de sucesso: Dados do administrador estao atualizados.
Pés-condigao de falha: Dados do administrador nao sofrem alteragoes.
Ator primario: Administrador.
Gatilho: Administrador acessa pagina de edigao de informacgoes de administrador da
ferramenta.

A.9.2 Cenario principal de sucesso

1. Administrador altera suas informagoes (e.g., nome, e-mail, senha).
2. Administrador confirma alteragoes.

3. Sistema valida informacoes e apresenta mensagem de confirmacao para o usuario.

A.9.3 Informacoes relacionadas

Prioridade: Média.
Meta de performance: Menos de 1 minuto.
Freqiiéncia: Nao é possivel especificar.
Canal até ator primario: Pagina de edicao de informacgoes de administradores.

A.9.4 Agendamento

Previsao: Versao 1.0.
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A.10 Cadastra website

A.10.1 Informacoes caracteristicas

Objetivo no contexto: Cadastrar websites para que o WELFIT os avalie.
Escopo: Médulo servidor.
Nivel: Tarefa primaria.
Pré-condigoes: Administrador estd autenticado e website nao esta cadastrado.
Poés-condigao de sucesso: Website esta cadastrado.
Pés-condigao de falha: Website nao foi cadastrado.
Ator primario: Administrador.
Gatilho: Administrador acessa pagina de cadastro de websites.

A.10.2 Cenario principal de sucesso

1. Administrador preenche informagoes (Nome, URL do nivel mais abrangente e ex-
pressao regular para bloquear a captura de logs em algumas areas do website avali-
ado, por exemplo, “http:\/\/www\.exemplo\.com\.br\/.*\/login.html$) e con-
firma.

2. Sistema verifica informacgoes preenchidas.

3. Sistema retorna mensagem de confirmacao para o administrador.

A.10.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 1 minuto.
Freqiiéncia: Aproximadamente uma vez para cada administrador cadastrado.
Canal até ator primario: Pagina de cadastro de websites.

A.10.4 Agendamento

Previsao: Versao 1.0.

A.11 Atualiza website

A.11.1 Informacoes caracteristicas

Objetivo no contexto: Atualizar dados de websites cadastrados no sistema.
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Escopo: Mddulo servidor.

Nivel: Tarefa primaria.

Pré-condicoes: Administrador esta autenticado e website esta cadastrado.
Pés-condicao de sucesso: Dados do website estao atualizados.
Pés-condigao de falha: Dados do website nao sao alterados.

Ator primario: Administrador.

Gatilho: Administrador acessa pagina de edigao de informacoes de website.

A.11.2 Cenario principal de sucesso

1. Administrador altera informagoes (Nome, URL do nivel mais abrangente e expressao
regular para bloquear a captura de logs em algumas areas do website avaliado, por
exemplo, “http:\/\/www\.exemplo\.com\.br\/.*\/login.html$) e confirma.

2. Sistema verifica informagoes preenchidas.

3. Sistema retorna mensagem de confirmagao para o administrador.

A.11.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 1 minuto.
Freqiiéncia: Nao é possivel especificar.
Canal até ator primario: Pagina de edicao de websites.

A.11.4 Agendamento

Previsao: Versao 1.0.

A.12 Solicita relatdrio

A.12.1 Informacoes caracteristicas

Objetivo no contexto: Solicitar de relatério de avaliagao.

Escopo: Médulo servidor.

Nivel: Tarefa primaria.

Pré-condigoes: Administrador esta autenticado e existe algum website associado ao
administrador solicitante.

Poés-condicao de sucesso: Administrador recebe relatério.

Pés-condicao de falha: Administrador é notificado da falha ocorrida.
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Ator primario: Administrador.
Gatilho: Administrador acessa pagina da ferramenta e solicita relatorio de websites.

A.12.2 Cenario principal de sucesso

1. Administrador seleciona website.
2. Administrador solicita relatério.

3. Sistema retorna relatério para administrador seguindo.

A.12.3 Informacoes relacionadas

Prioridade: Alto.
Meta de performance: Menos de 1 minuto.
Freqiiéncia: Nao ¢é possivel especificar.
Canal até ator primario: Pagina Web de solicitacao de relatorio.

A.12.4 Agendamento

Previsao: Versao 1.1.

A.13 Monta relatério

A.13.1 Informacoes caracteristicas

Objetivo no contexto: Montar relatorio para o administrador que o solicitou.
Escopo: Médulo servidor.
Nivel: Tarefa primaria.
Pré-condigoes: Relatério foi solicitado por administrador autenticado.
Pés-condigao de sucesso: Relatério apresentado para o administrador que o solici-
tou.
Pés-condigao de falha: Administrador é notificado de que ocorreu alguma falha.
Ator primario: Mddulo servidor.
Gatilho: Administrador solicita relatério de website administrado por ele.

A.13.2 Cenario principal de sucesso

1. Moédulo servidor classifica os logs.
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2. Médulo servidor agrupa os fluxos de eventos (i.e., identifica barreiras que os usuarios
enfrentaram, tendo foco os fluxos relacionados aos usuarios que utilizam tecnologias
assistivas).

3. Moédulo servidor gera os grafos com os fluxos de utilizacao e destacam as barreiras
identificadas na fase anterior.

4. Médulo servidor retine todas as informagoes do website relacionado a solicitagao e
apresenta o relatorio para o administrador solicitante.

A.13.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Montar relatérios semanais em menos de 1 minuto.
Freqiiéncia: Nao é possivel especificar.
Canal até ator primario: Sistema de arquivos ou bancos de dados.

A.13.4 Agendamento

Previsao: Versao 1.1.

A.14 Classifica logs

A.14.1 Informacoes caracteristicas

Objetivo no contexto: Classificar os logs como sendo de usuérios que utilizam ou nao
tecnologias assistivas.

Escopo: Médulo servidor.

Nivel: Tarefa primaria.

Pré-condicoes: Logs gravados no moédulo servidor.

Pés-condigao de sucesso: Logs classificados.

Pés-condigao de falha: Logs nao foram classificados.

Ator primario: Mddulo servidor.

Gatilho: Administrador solicita relatério.

A.14.2 Cenario principal de sucesso

1. Logs sao divididos em dois grupos: um contendo maior porcentagem de sessoes de
usuarios que responderam que utilizam tecnologias assistivas, outro com as sessoes
restantes.
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A.14.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Poucos segundos por sessao gravada.
Freqiiéncia: Nao é possivel especificar.

Canal até ator primario: Bancos de dados ou sistema de arquivos.

A.14.4 Agendamento

Previsao: Versao 1.1.

A.15 Agrupa logs

A.15.1 Informacgoes caracteristicas

Objetivo no contexto: Agrupar logs de acordo com o fluxo de eventos neles contidos.

Escopo: Mddulo servidor.

Nivel: Tarefa primaria.

Pré-condicoes: Logs estao classificados.

Poés-condigao de sucesso: Fluxos de uso sao agrupados de acordo com a classificacao
e de acordo com os dados relacionados aos seus eventos. Ainda, as informagcoes resultantes
do agrupamento sao gravadas de forma que possibilitem a geragao de grafos desses fluxos
com a marcacao das barreiras enfrentadas pelos usuarios de tecnologias assistivas.

Pés-condigao de falha: Fluxos de uso nao estao agrupados, o que impossibilita a
geragao dos grafos de utilizagao com a marcacao das barreiras enfrentadas pelos usuarios
de tecnologias assistivas.

Ator primario: Mddulo servidor.

Gatilho: Administrador solicita relatdrio.

A.15.2 Cenario principal de sucesso

1. Fluxos de eventos sao agrupados tendo em vista a identificacao de barreiras encon-
tradas por usuarios.

2. Descrigao do grafo de fluxos é gravada no sistema no formato utilizado pela ferra-
menta responsavel por gerar os grafos (default Dot).
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A.15.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 10 segundos.
Freqiiéncia: 1 vez por semana.

Canal até ator primario: Banco de dados.

A.15.4 Agendamento

Previsao: Versao 1.1.

A.16 Desenha grafo de utilizacao

A.16.1 Informacoes caracteristicas

Objetivo no contexto: Desenhar o grafo de utilizacao para que especialistas possam
analisar as barreiras identificadas.

Escopo: Mddulo servidor.

Nivel: Sub-funcao.

Pré-condigoes: Representagao do grafo de fluxos agrupados e classificados esta dis-
ponivel no sistema e programa externo para desenhar o grafo esta acessivel para o sistema.

Pés-condigao de sucesso: Grafo com os fluxos de utilizacao esta disponivel para o
administrador.

Pés-condigao de falha: Grafo com fluxos de utilizacao nao foi gerado.

Ator primario: Mddulo servidor.

Gatilho: Administrador solicita relatério.

A.16.2 Cenario principal de sucesso

1. Médulo servidor 1é informagoes resultantes do agrupamento de fluxos de utilizacao.

2. Médulo servidor utiliza programa externo e gera grafo representando os fluxos de
utilizacao tendo destacadas as barreiras enfrentadas pelos usudrios.

A.16.3 Informacoes relacionadas

Prioridade: Alta.
Meta de performance: Menos de 5 segundos por grafo.
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Freqiiéncia: p+1 vezes por relatério, tal que p é o nimero de péginas existentes em
cada website avaliado. Assim o sistema retorna um grafo por pagina, em que os nds sao
os eventos, e um para o website, em que os nds sao as paginas.

Canal até ator primario: Bancos de dados ou sistema de arquivos.

Atores secundarios: Programa externo para geracao de grafos, inicialmente Graph-
Viz.

Canal até o ator secundario: Arquivo de descricao de grafo, inicialmente .Dot.

A.16.4 Agendamento

Previsao: Versao 1.1.
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Apendice C

Aprendendo sobre Acessibilidade e
Construcao de Websites para Todos

Artigo publicado na Revista Brasileira de Informética na Educagao (RBIE), volume 16,
nimero 3.
Vagner F. de Santana, Leonelo D. A. Almeida e M. Cecilia C. Baranauskas

C.1 Introducao

Tecnologias de Informacao e Comunicagao (TICs) sdo parte essencial da vida social,
economica e educacional das pessoas na sociedade contemporanea. Assim, garantir que
pessoas com algum tipo de limitagdo tenham acesso a informagao é essencial [62]. O
nimero de websites existentes na Internet é de cerca de 120 milhoes [13]. Destes, mais de
90% falham ao serem confrontados com padroes minimos de acessibilidade como fornecer
descri¢oes adequadas para graficos ou possibilitar que usuarios alterem o tamanho no qual
as paginas sdo apresentadas [61]. Esta realidade nao é diferente no contexto de ambientes
educacionais na Web.

Websites das universidades tém conquistado um papel crucial no dia-a-dia dos seus
estudantes, bem como de estudantes prospectivos. O uso da Web é cada vez mais requerido
na vida universitaria. Paginas Web das universidades contém informacao importante
sobre recursos académicos (catdlogos de cursos, calendérios, etc.), eventos no campus,
estratégias administrativas, acesso a servigos como biblioteca, matricula, etc. Websites
que nao sao acessiveis podem prevenir certos usudarios de participar das atividades da
vida universitdria. Para Kane et al. [51], paginas Web inacessiveis podem promover um
“educational divide” no qual pessoas com algum tipo de deficiéncia sao alijadas do acesso
a educacgao e conseqiientemente a outros aspectos da vida em sociedade. Esses mesmos
autores mostraram que a acessibilidade ainda ¢ um problema para a maioria das 100
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melhores universidades do mundo.

O Decreto 5.296/2004 regulamenta leis e estabelece critérios basicos para a promogao
de acessibilidade. O artigo 24 deste Decreto aponta que “estabelecimentos de ensino de
qualquer nivel, etapa ou modalidade, ptblicos ou privados, proporcionarao condigoes de
acesso e utilizacao de todos os seus ambientes ou compartimentos para pessoas porta-
doras de deficiéncia ou com mobilidade reduzida” [25]. No mesmo decreto estd definido
que “a concessao de autorizacao de funcionamento, de abertura ou renovacao de curso
pelo Poder Publico, o estabelecimento de ensino deverd comprovar que |...] coloca a dis-
posicao de professores, alunos, servidores e empregados portadores de deficiéncia ou com
mobilidade reduzida ajudas técnicas que permitam o acesso as atividades escolares e ad-
ministrativas em igualdade de condi¢oes com as demais pessoas” [25]. Ainda, cerca de
14,5% da populagao brasileira possui algum tipo de limitagdo ou deficiéncia [47]. Dessa
forma, a adequacao de websites a todos indiscriminadamente envolve a promocao da ci-
dadania, impactando na vida social, economica e educacional da populacao, em especial
da brasileira.

Até por forga da legislacao, nos tltimos anos acessibilidade tem sido reconhecida como
um dos principais requisitos para sistemas na Web baseados em contetido. A necessidade
de prover os aprendizes com conteido baseado na Web que satisfaga suas necessidades e
preferéncias em termos de acessibilidade, assim como o ajuste do conteido de aprendi-
zado ao equipamento do usuario tem sido identificado como um problema importante na
literatura sobre hipermidia educacional acessivel [52]. Varios outros autores discutem o
emprego de estratégias de desenvolvimento apropriadas ao tratamento da acessibilidade
de forma a conseguir melhor qualidade da interacao em tempo de uso de aplicacoes de
software e servigos no contexto de e-learning e e-entertainment [68].

Acessibilidade na Web significa que pessoas com diferentes tipos de limitacao podem
perceber, entender, navegar, interagir com a Web e contribuir para a mesma [79]. Usa-
bilidade, em suma, é a capacidade de um produto ser utilizado por usudrios especificos
para atingir objetivos especificos com eficiéncia e satisfacao, dentro de um determinado
contexto de uso [48]. Complementarmente, associado & importancia do acesso as TIC
estd o entendimento de como essas tecnologias sao utilizadas por todos seus usuarios.
Isso remete a combinagao dos conceitos Acessibilidade e Usabilidade (A&U), uma vez
que, em diversos casos, questoes relacionadas a uma das disciplinas também contribuem
para a outra e vice versa (e.g., teclas de atalho para regides da tela aumentam a acessi-
bilidade para usuarios que usam leitores de tela e também auxiliam usudrios a utilizarem
uma pagina Web de maneira mais eficiente possibilitando acesso direto a areas especificas
com apenas um comando). Assim, o apoio a busca de acessibilidade na Web nao exclui
nenhum dos usuérios e estende o conceito de usabilidade como um todo.

Designers, desenvolvedores e pessoas em geral que desejam criar websites acessiveis
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contam com uma ampla variedade de recursos online, documentagao técnica e ferramentas
de software. Apesar da disponibilidade desses recursos, muitos continuam a produzir
péaginas inacessiveis e a tendéncia é que se tornem menos acessiveis ao longo do tempo [51].

Para melhorar A&U de websites existem diretrizes e heuristicas. No entanto, materiais
que auxiliam na aplicacao e avaliacao das mesmas sao fragmentados e tratam tecnologias
(e.g., HTML, Javascript e CSS) e conceitos (e.g., A&U) de maneira pouco articulada. De
forma a suprir essa lacuna, o presente trabalho apresenta um Processo para Adequacao
de Websites a Requisitos de A&U (PAWRAU) e sua implementacdo em um website, o
WARAU. Para evidenciar a contribuicao deste trabalho, é feita uma comparacao preli-
minar entre a articulagao do contetdo utilizado no WARAU e em tutoriais e referéncias
disponibilizados na Web para o mesmo fim.

O artigo estd organizado da seguinte forma: a segao C.2 apresenta uma visao geral
de recursos oferecidos para a construcao e avaliacao de acessibilidade na Web e discute
suas principais limitacoes; a secao C.3 apresenta o processo PAWRAU, desenvolvido com a
participacao de webdesigners; a se¢ao C.4 apresenta o WARAU, um ambiente na Web para
apoio e colaboracao no desenvolvimento acessivel de websites, mostrando seu diferencial
em relagao a tutoriais online; a segao C.5 apresenta as conclusoes e os trabalhos futuros.

C.2 Uma visao geral de recursos para apoio a cons-
trucao Web-acessivel

Nesta segao apresentamos alguns dos principais recursos disponiveis atualmente para a
construcao de websites acessiveis e usaveis. Em adicao, apontamos algumas das principais
lacunas de tais recursos conforme literatura da area. Os recursos foram divididos em duas
categorias: materiais conceituais (e.g., tutoriais, diretrizes, hipertextos) e ferramentas
(e.g., validadores, simuladores, ferramentas de autoria).

Entre os materiais conceituais é possivel encontrar um grande nimero de tutoriais
em formato de textos ou hipertextos (e.g., W3Schools [76], WebAIM [46]) e algumas
iniciativas que visam o estabelecimento de principios e diretrizes. O W3Schools é um
dos portais de tutoriais de tecnologias Web mais utilizados por mantenedores de websites.
Ele aborda diversas tecnologias Web, tanto livres (e.g., HTML, CSS) como proprietarias
(e.g., Microsoft.Net). Em tecnologias como HTML e CSS, os tutoriais cobrem de maneira
completa as defini¢oes das linguagens (definidas pelo W3C), além de oferecer recursos
para que usuarios possam interagir com os exemplos oferecidos nos tépicos desses tutoriais.
Entretanto, essa abordagem, apesar de amplamente empregada em tutoriais online, possui
lacunas no que diz respeito a integragao das tecnologias Web (e.g., recomendagoes de uso
de folhas de estilo CSS para separar o contetido da apresenta¢ao) e também estao restritas
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a especificacoes de linguagens nao enderecando questoes relacionadas a técnicas que podem
aumentar a qualidade de websites (e.g., uso de breadcrumbs para melhorar a navegacao).
Dentre as iniciativas destacam-se o Web Acessibility Initiative (WAI) [79], o Section
508 [2], o Stanca Act [64] e, no contexto brasileiro, o e-MAG [33]. A iniciativa mais
amplamente adotada é o WAI, promovido pelo World Wide Web Consortium (W3C),
que visa o desenvolvimento de diretrizes e recursos que contribuem para tornar a Web
acessivel. O WALI concentra seus esforgos em trés focos, tal como descrito em [16]:

e Navegadores Web, players multimidia e tecnologias assistivas que permitem uma
experiéncia completamente usével e acessivel. Oferece o conjunto de diretrizes User
Agent Accessibility Guidelines 1.0 (UAAG 1.0) [84] e a versao 2.0, ainda em estagio
de desenvolvimento (UAAG 2.0) [85];

e Ferramentas de Autoria de contetidos Web e ambientes de desenvolvimento
que produzem contetiido Web acessivel e tém interfaces acessiveis. Oferece o conjunto
de diretrizes Authoring Tool Accessibility Guidelines 1.0 (ATAG 1.0) [83];

e Contetiddo Web concebido para ser acessivel. Oferece o conjunto de diretrizes
Web Content Accessibility Guidelines 1.0 (WCAG 1.0) [82] e a versao 2.0, ainda em
estdgio de desenvolvimento (WCAG 2.0) [86].

Apesar de representar uma base sélida de principios amplamente discutidos por uma
comunidade bastante diversificada, existem diversas criticas sobre esses tipos de iniciati-
vas. Sloan et al. [71] apontam algumas delas:

e Natureza tedrica das diretrizes, ignorando o uso de tecnologias proprietarias; De-
pendéncia de outras diretrizes, o WCAG depende do uso de navegadores que aten-
dam o UAAG; Ambigiiidades na interpretacao das diretrizes;

e Nivel de compreensao necessario dos problemas de acessibilidade oriundo da dificul-
dade em entender o principio que norteia um checkpoint.

Com a finalidade de oferecer o referencial necessario para o desenvolvimento de websites
governamentais, o Governo brasileiro oferece o Padrao Brasil e-GOV [32], que conta com
modelos, diretrizes e ferramentas. No contexto de acessibilidade, este projeto possui
o Modelo de Acessibilidade de Governo Eletronico (e-MAG). Esse modelo consiste no
oferecimento de informagoes a desenvolvedores de websites governamentais para tornar
seus websites acessiveis para a maior diversidade de usuarios, em consonancia com o
decreto 5.296 de 2004.

Para a segunda categoria (ferramentas) destacamos a existéncia de ferramentas de au-
toria de codigo Web, ferramentas assistivas, navegadores, validadores e simuladores. Em
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relacao as ferramentas de autoria de codigo Web, o grupo responsavel pelo ATAG dispo-
nibiliza os resultados de avaliacao realizada com algumas das ferramentas mais utilizadas:

e Bluefish versao 0.6 - atendeu quase todos os checkpoints de prioridade 1, mas poucos
das outras prioridades;

e DreamWeaver versao 4.0, da Macromedia - atendeu metade dos checkpoints de
prioridade 1 e poucos de outras prioridades;

e FrontPage 2000, da Microsoft - atendeu poucos checkpoints em todas as prioridades.

Watanabe e Umegaki [77] realizaram pesquisa em que avaliaram algumas ferramentas
assistivas segundo as diretrizes do UAAG. Nesse estudo foram avaliadas as ferramentas:
PC-Talker XP versao 3.041, 95 Reader versao 6.02, IBM Home Page Reader 3.04 SP3
(versao Japonesa) e JAWS for Windows Professional versao 6.2 (versao Japonesa). Como
resultados, Watanabe e Umegaki apontaram que as ferramentas tiveram bons resulta-
dos em relagao a checkpoints de prioridade 1, no entanto falharam nos de prioridade 2,
principalmente nos relacionados a manipulacao de multimidia.

Ferramentas de validacao e simulacao sao um importante recurso na criacao de cédigo
acessivel, seja pela facilidade em realizar uma varredura no cédigo ou pela dificuldade
que pequenas equipes encontram em ter contato com toda a diversidade de usuérios exis-
tentes em cendrios como o brasileiro. Algumas das ferramentas de validagao amplamente
utilizadas sdao o ATRC [15], o MAGENTA [54] e, no contexto brasileiro, o DaSilva [12] e
o ASES [31], sendo esta ultima uma ferramenta que funciona localmente na méaquina do
UsSuario.

O ASES é uma ferramenta produzida no contexto do e-MAG que, além de oferecer
mecanismos de validacao segundo as diretrizes do e-MAG, ainda possui ferramentas de
simulac@o do uso do contetido Web por pessoas com baixa visao (e.g., miopia, daltonismo)
e leitor de tela. DaSilva é uma ferramenta online que permite a validacao de websites
segundo as diretrizes do WCAG e também do e-MAG.

Outras ferramentas simuladoras interessantes sao o Color Laboratory [4] e o Color-
blind Web Page Filter. Color Laboratory [80] ¢ um simulador de paleta de cores que
permite ao usuario ajustar a visualizagao segundo seu sistema operacional, monitor e de-
ficiéncia visual. Ja o Colorblind Web Page Filter permite a visualizagao de uma dada
URL informada pelo usuario, considerando o tipo de deficiéncia visual.

Na educacao temos diversos trabalhos que visam a utilizacao de hipertextos e ferra-
mentas que apéiam a colaboragao entre pessoas [9, 27|. No entanto, o papel da tecnologia
como fator de integracao entre pessoas, quando nao consciente dos cuidados a se ter com
relagao a acessibilidade, pode ser distorcido, levando em certos casos, a separacao entre
pessoas sem ou com deficiéncia ou a exclusao desse segundo grupo.
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Portanto, podemos verificar que ha uma diversidade de materiais conceituais e ferra-
mentas para apoiar os mantenedores de websites, mesmo que ainda nao existam padroes de
acessibilidade. No entanto, o conhecimento da existéncia de tais ferramentas, o entendi-
mento das diretrizes e a articulacao das diversas tecnologias disponiveis para a criacao de
contetido Web é, ainda, uma barreira a ser transposta. Nas préoximas secoes apresentamos
nossa proposta para contribuir nesse cenario.

C.3 Um Processo para Adequacao de Websites a
Requisitos de Acessibilidade e Usabilidade (PA-
WRAU)

Como apresentado na segao anterior, muitas sao as fontes de orientagao para o desen-
volvimento de cédigo Web e existem diversas iniciativas que visam o estabelecimento de
diretrizes e recomendagoes para a avaliagao de A&U. No entanto, observam-se lacunas no
que diz respeito a forma como esse conteudo é apresentado aos mantenedores de websites.
Sloan et al. [71] apontam por exemplo, como deficiéncias encontradas nas diretrizes do
WAL a subjetividade e ambigiiidade na interpretacao dos checkpoints, a complexidade
em entender diferentes niveis de prioridades das diretrizes e a compreensao dos principios
de acessibilidade subjacentes aos checkpoints. Como resultado dessas deficiéncias encon-
tramos um cenario em que a maioria dos mantenedores de conteido ignoram questoes
de A&U ou consideram tais questoes secundarias e com custo demasiado em relagdo aos
beneficios trazidos por elas.

Com o intuito de contribuir para mudar esse cenario, este trabalho propoe um pro-
cesso que visa a integracao das linguagens mais utilizadas para criagao e manutencao de
conteiudo Web (i.e., (X)HTML, CSS e Javascript) com conceitos, técnicas e recomendagoes
referentes a acessibilidade e a usabilidade. Nesta secao apresentamos os principios que
nortearam a criacao do conteido do PAWRAU, em seguida a dinamica participativa em-
pregada para a construgao desse conteido e, por ultimo, o processo e alguns exemplos de
utilizagao.

A Figura C.1 apresenta a cronologia em que foram executadas as atividades de criacao
e divulgagao do PAWRAU. Nos primeiros oito meses de atividades realizamos dinamicas
participativas com pessoas encarregadas da criacao e manutencao de websites, em formato
de oficinas, nas quais validamos e elicitamos novos requisitos e conteudos que, posteri-
ormente, compuseram a documentacdo do PAWRAU. A partir de fevereiro deste ano
iniciamos a materializacdo do PAWRAU e sua disponibilizagdo na Web (disponivel em
http://warau.nied.unicamp.br). O website vem sendo alimentado por meio de ati-
vidades de avaliacao em outros projetos, de colaboragao de usuarios do website e de
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Figura C.1: Cronologia das atividades para o desenvolvimento do processo.

apresentacoes em eventos da area.

A elaboragao do conteiddo do PAWRAU foi realizada de forma participativa e incre-
mental, tendo como unidade as oficinas realizadas com a equipe de desenvolvimento de
um website institucional da UNICAMP. Adicionalmente, todo o contetido foi norteado
por principios oriundos de experiéncias (profissionais e académicas) e que acreditamos
serem necessarios para a criacao e manutencao de websites acessiveis e usaveis. Sao eles:

1. Definir padrao de codificagao - A selecao criteriosa de padrao de nomencla-
tura de elementos, varidveis e versoes de linguagem contribui para a legibilidade do
cbdigo, e para a divisao das atividades da equipe de desenvolvimento e, com isso,
facilita a manutencao das funcionalidades de websites bem como a adigao de novos
recursos;

2. Estruturar paginas e websites prezando o reaproveitamento de codigo -
Todo o cédigo Web, seja ele documento HTML, folha de estilo CSS ou programa
em Javascript, deveria ser escrito de tal forma que pudesse ser reaproveitado em
diferentes areas do website e, conseqiientemente contribuir para a manutencao e
redugao de consumo de recursos de tempo e financeiros;

3. Prezar pela seméantica no cédigo - O contetido de websites deve ser escrito con-
siderando os elementos semanticos disponiveis pelas linguagens de marcagao (e.g.,
titulos, paragrafos, tabelas, abreviagoes);

4. Aplicar padroes e diretrizes de tecnologias e conceitos - Linguagens Web
contam com padroes e recomendagoes que, quando conhecidos por mantenedores,
solucionam grande parte dos problemas comumente encontrados em websites. Com
isso, possibilitam sua maior compatibilidade com os diversos dispositivos, navega-
dores, sistemas operacionais e outras aplicacoes utilizadas. Além disso, quando con-
sideradas diretrizes de acessibilidade e usabilidade, espera-se um ganho em relagao
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a capacidade do website atender as necessidades especificas de cada usuério (e.g.,
navegacao via teclado, sem recursos sonoros);

5. Nao se restringir a padroes e diretrizes de tecnologias e conceitos - Apesar
de trazer melhorias, padroes e diretrizes nao sao solugoes suficientes para a garantia
de qualidade de um website. Para tanto é necessario considerar as condigoes e
restricoes de uso especificas de cada website e levar em consideracao o referencial
tedrico da area em questao;

6. Considerar a diversidade de usudarios - Ao contrario do que geralmente é ado-
tado por mantenedores de websites, desenvolver websites para o “usuario médio”
nao é garantia de ampla aceitagao de websites. Portanto, o conhecimento da diver-
sidade de usuarios pode ser fator determinante para o sucesso de um website. Tal
conhecimento complementa e, por vezes, redireciona diretrizes e padroes;

7. Considerar diferentes formas de apresentacao de paginas Web (dispositi-
vos e configuragoes) - Websites nao sao documentos estédticos e, portanto, seriam
melhor construidos se fossem considerados como construcoes flexiveis a diferentes
dispositivos, tamanho de display e preferéncias de visualizacao de usuarios;

8. Integrar tecnologias e conceitos durante todo o desenvolvimento - Um
dos grandes problemas no desenvolvimento de websites é a lacuna entre as reco-
mendagoes técnicas e os conceitos que as norteiam. Um exemplo disso é a reco-
mendagao de acessibilidade sobre o fornecimento de texto alternativo a imagens.
Apesar de prover texto alternativo e, portanto seguir a diretriz (e.g., checkpoint 1.1
do WCAG 1.0), mantenedores falham na escolha de qual informagao deveria estar
presente nesse texto e quais sao os usuarios que se beneficiam desse recurso. Para
tanto é necessaria uma abordagem integrada que permita a compreensao nao so-
mente das regras de desenvolvimento mas também das necessidades e dos beneficios
gerados por sua aplicacao;

9. Avaliagao e validagao - Devido a caracteristica dinamica de websites, mesmo quando
mantenedores conhecem e empregam os padroes e recomendagoes, a tarefa de manter
um website atendendo completamente a essas recomendagoes exige um monitora-
mento constante. HEsse monitoramento pode ser obtido por meio de ferramentas
automatizadas de validacao de cédigo ou por meio de avaliagao manual.

O WAI conta com 10 recomendagoes breves que apresentam conceitos importantes de
webdesign acessivel e que servem como porta de entrada para as diretrizes WCAG 1.0 [82].
A Tabela C.1 apresenta a relacao das 10 recomendagoes do WAI com os principios levados
em consideracao no desenvolvimento do conteiido do PAWRAU. Nela pode-se verificar que
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Recomendacoes do WAI Principios do
PAWRAU
relacionados
1 - Imagens & animagoes: Use o atributo alt para descrever a | 3,4, 6, 7
funcao visual.
2 - Mapas de imagem. Use mapeamento client-side e texto para | 4, 6, 7
regioes clicaveis.
3 - Multimidia. Forneca legenda e transcri¢oes de dudio e des- | 3,4, 6, 7
crigoes para video.
4 - Links de hipertexto. Use texto que faca sentido quando lido | 3, 4, 6, 7
fora de contexto. Por exemplo, evite “clique aqui”.
5 - Organizagao da pagina. Use titulos, listas e estrutura con- | 3,4, 6, 7, 8
sistente. Use CSS para layout e estilo onde for possivel.

6 - Graficos & diagramas. Resuma ou use o atributo longdesc. | 3,4, 6, 7
7 - Scripts, applets & plug-ins. Fornega conteido alternativo no | 4, 6, 7, 8
caso em que funcionalidades ativas estiverem inacessiveis ou forem
incompativeis.

8 - Frames. Use o elemento noframes e titles significativos. 3,4,6,7
9 - Tabelas. Faga com que a leitura linha-a-linha seja sensata. | 3, 4, 6, 7

Resuma.
10 - Verifique seu trabalho. Valide. Use ferramentas, checklists, | 4, 6, 7, 8, 9
e diretrizes em http://www.w3.org/TR/WCAG

Tabela C.1: Relagao entre recomendagoes do WAL [78] e principios do PAWRAU.

os principios utilizados no PAWRAU e as recomendagoes do WAI sao consoantes. Ainda,
é possivel verificar que os principios 1 e 2 que propusemos sao mais abrangentes, pois
consideram a construgao e manutencao de websites e enderecam questoes importantes
do dia-a-dia de uma equipe de desenvolvimento. Complementarmente, consideramos que
outro ponto importante representado no principio 5 é o de nao nos restringirmos as dire-
trizes e padroes, dado o dinamismo de tecnologias e técnicas utilizadas na Web como o
desenvolvimento de novas formas de desenvolvimento de websites, novos dispositivos de
interacao, novas tecnologias assistivas, etc.

Em nossa proposta, além dos principios apresentados anteriormente, foram levadas em
consideracao as seguintes premissas:

O perfil de mantenedores de websites nao é bem definido e em equipes pequenas um
profissional pode desempenhar mais de um papel (e.g., redator e designer ou desenvolvedor
e designer). Além disso, o redator pode ser alguém com conhecimento no dominio sendo
representado e pouca sofisticacao técnica, o que é muito comum no contexto de ambientes
educacionais, por exemplo. Assim, referéncias para mantenedores de websites devem



94 Apéndice C. Aprendendo sobre Acessibilidade e Construgao de Websites para Todos

possibilitar o acesso as informagoes mais relevantes para uma certa combinacao de perfis
em um dado momento;

A rotina de trabalho de mantenedores de websites nao é linear, ou seja, oscila entre ati-
vidades de design, codificacao, padronizagao, avaliacao, testes, entre outras. Desta forma
foi identificada a necessidade de estruturar o contetido em topicos auto-contidos, que ex-
plicitam quais sao os resultados esperados de sua aplicacao. Além disso, deve-se utilizar
hipertexto para possibilitar a navegacao para tépicos mais aprofundados (e.g., relaciona-
dos a avaliagao ou testes) e outros mais fundamentais (e.g., relacionados a defini¢oes ou
estruturas bésicas).

Avaliacao do
website dos
participantes

Avaliagdo
¢ atualizacdo
do material

Visitas aos
participantes

Elaboracgio
do material

Retorno dos
participantes

Execucao
da oficina

Figura C.2: Modelo participativo de criacao do PAWRAU.

A Figura C.2 ilustra o modelo empregado na construcao do material utilizado no
PAWRAU. A dinamica utilizada foi a seguinte:

1. Para cada oficina foi realizado um levantamento de materiais disponiveis na lite-
ratura tais como, padroes, diretrizes, boas praticas e artigos, além da inclusao de
materiais resultantes da experiéncia profissional dos autores;
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2. A partir desse material cada oficina foi executada juntamente com a equipe de
desenvolvimento que participou do desenvolvimento do PAWRAU;

3. Durante as oficinas o material elaborado comecava a ser avaliado pelos préprios au-
tores. Assim, exemplos e explicagdes que nao haviam sido previstas na elaboragao
e que foram apresentadas durante a oficina puderam ser incorporados na referéncia
disponibilizada aos participantes. Neste ponto, outra entrada no processo de ava-
liacao era o retorno dado pelos participantes na forma de comentarios, duvidas,
explicacoes sobre a forma como trabalhavam, entre outros;

4. Ao final de cada oficina os participantes ficavam encarregados de aplicar o contetido
da oficina nos websites sobre os quais trabalhavam formalmente;

5. Apds uma ou duas semanas era marcada, de comum acordo, uma visita ao local de
trabalho dos participantes para que fossem explicitadas as dificuldades e progressos
em relacao a aplicagao do contetdo trabalhado na oficina. A partir disto foi possivel
reforgar alguns conceitos e orientar o prosseguimento do trabalho;

6. Apds a visita os participantes informavam a conclusao da aplicacao do contetido
da oficina no website que mantinham. Entao, era possivel verificar as alteracoes
feitas no website dos participantes e, conseqiientemente, se os conceitos haviam sido
aplicados de maneira adequada;

7. Por fim, a elaboragao do material para a proxima oficina se iniciava, dando inicio a
outra iteracao.

A partir dos principios e premissas que permearam a elaboragao e execucao das oficinas
buscou-se organizar o material de forma que o PAWRAU pudesse ser utilizado por outras
equipes mantenedoras de websites, como material de apoio na Web. Assim, os tépicos
tratados em cada oficina foram agrupados para possibilitar que usuarios com diferentes
habilidades pudessem navegar livremente pelo contetido, pulando o que ja conhecem para
ir direto para a aplicacao de técnicas e avaliacao, ou revisando conceitos antes de realizar
uma alteracao e avaliacao. Os conjuntos utilizados para organizar o material sao baseados
em categorias que refletem a semantica dos topicos do PAWRAU. A Figura C.3 apresenta
como esses conjuntos agrupam tépicos de organizacao (e.g., defini¢ao, padronizacao),
implementagao (e.g., codificacdo, técnica) e anélise do contetido (e.g., avaliagao).

O processo pode ser utilizado a partir de qualquer dos conjuntos de categorias apre-
sentados na Figura C.3. Cendrios mais lineares podem ser vistos quando mantenedores
buscam alterar seus websites e seguem passos de padronizacao e definicao, depois aplicam
certas técnicas e, por fim, avaliam as modificacoes feitas. Neste exemplo a linearidade
impede que termos utilizados nao tenham sido definidos em etapas anteriores. Em outro
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Figura C.3: Relacao entre as categorias do material utilizado no PAWRAU.

cenario a utilizagaéo do PAWRAU pode ter inicio na avaliagao de um website. Por exem-
plo, um mantenedor poderia receber uma mensagem de uma ferramenta semi-automatica
informando que textos alternativos em imagens sao obrigatorios e que este recurso é
essencial para usuario de ferramentas assistivas. Com isso, o mantenedor poderia verifi-
car a definicao de ferramentas assistivas para entender melhor a mensagem da ferramenta
semi-automatica e s entao verificar qual técnica deveria utilizar para eliminar o problema
retornado pela ferramenta semi-automética. Apesar do PAWRAU ter sido estruturado
tendo em vista a replicagao para outras equipes de desenvolvimento e, apesar de ter sido
aplicado em um estudo de caso no qual obtivemos resultados significativos [5], verificou-se
que a forma de apresentacao do material desenvolvido nao favorecia a flexibilidade ide-
alizada no desenvolvimento do PAWRAU. Entao, surgiu a necessidade de materializar o
PAWRAU de forma a possibilitar filtragem do contetido de acordo combinacgoes de temas
(e.g., HTML, CSS, Javascript, Usabilidade e Acessibilidade) e diferentes perfis (i.e., de-
senvolvedor, designer e redator), o que levou a criacao do WARAU, que serd detalhado
na préxima secao.

C.4 WARAU: Uma materializacao do processo

Nesta se¢ao apresentamos o WARAU (acréonimo de Websites Atendendo a Requisitos de
Acessibilidade e Usabilidade) que é uma materializacdo do PAWRAU (Figura C.4). Um
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dos objetivos do WARAU é a ampla divulgacdo do processo e a criagdo de um espaco
para discussao do conteiido do PAWRAU. Além disso, o WARAU permite que usudrios
facam buscas rapidas ao conteudo do processo, buscas estas que consideram o contexto
de trabalho e o foco de interesse de cada perfil de mantenedor de websites.

Ir para filiros | Ir para conteddo | Ir para busca

Filtros

At|A[A-

Sobre o site  Contalo

Pégina inicial Busca
neg, 2HI42006 - 17:52— vagaer .

1 a 10. de 96 tépicos [Buscar]

Formulérios - A tag HTML <form> -+ ‘
‘ . Login
Nome de usuario:
‘ Acessibilidade na Web ‘
Senha:
‘ Recomendacgdes para uso do Javascript ‘
‘ Ancoras e hiperlinks - A tag HTML <a> ‘
‘ DOCTYPE - Declaragdo do cabecalho de documentos HTML ‘

Figura C.4: Pagina inicial do website WARAU.

Para estruturar o conteido do PAWRAU de forma a oferecer suporte a extensao e
flexibilidade na manipulagao do contetido usando o WARAU utilizou-se uma estrutura em
forma de tépicos descritos usando XML (eXtensible Markup Language) como linguagem
de marcagao. Esta estrutura de tépicos (ilustrada na Figura C.5) permite atualmente a
representagao estruturada de: a) o assunto que esté sendo discutido no tépico; b) exemplos
e contra-exemplos de cédigo, incluindo renderizagoes; c) sugestoes de ferramentas que
podem ser utilizadas para alcangar o objetivo do tdpico; d) sugestoes de leitura prévia
para a devida compreensao do texto (i.e., outros tépicos do WARAU); e) os resultados
esperados do tépico.

Depende de

Contém

Contém

O que deveria ter lido

Como aplicar o contetdo Contra-exemplos
Resultados

Figura C.5: Estrutura dos tépicos do WARAU.
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O diagrama apresentado na Figura C.6 representa a DTD (Document Type Definition)
do WARAU. Nessa DTD alguns metadados compoem os tépicos:

e Perfis - representa a atribuicao de relevancia do tépico para cada um dos perfis
de mantenedores (i.e., designer, desenvolvedor e redator). Atualmente, a relevancia
pode assumir um de trés valores: alta, média ou baixa;

e Temas - atualmente estao disponiveis HTML, CSS, Javascript, Acessibilidade e
Usabilidade. Como um dos principios do PAWRAU é o entendimento integrado das
diversas tecnologias e disciplinas envolvidas no desenvolvimento de websites, cada
tépico pode estar relacionado a varios temas;

e Ferramentas - estao presentes websites de avaliagao, ferramentas de autoria, for-
mularios de avaliagao, entre outros;

e Resultados - atualmente estao disponiveis 14 categorias de resultados que abran-
gem desde padroes de codificagao e estruturas de documentos até verificacao e ava-
liacao. Cada tépico pode enderecar mais de uma categoria de resultado;

e Referéncias - conjunto de artigos, websites e outras fontes utilizadas na construcao
do conteido do WARAU.

Além de metadados, a representacao dos topicos segundo essa marcagao XML permite
a descricao semantica do conteudo segundo a estrutura apresentada na Figura C.5 e
traduzida em 5 tipos de elementos: blocos de texto e elementos de texto (links, énfase das
palavras, citagoes a referéncias cadastradas no XML), lista de itens, tabelas, exemplos e
contra-exemplos. Essa descri¢ao usa marcacoes de conteido que podem ser posteriormente
interpretadas em diversas linguagens, websites ou outros tipos de aplicacoes.

C.4.1 Diferenciais técnico-metodolégicos do WARAU

Mais do que disponibilizar contetido em ordem alfabética ou por hierarquia de complexi-
dade de entendimento o conteuido do WARAU est4 organizado de forma a prover diversas
trilhas de aprendizado conforme a necessidade de cada usuario. Para tanto usamos alguns
recursos que permitem que a ordenacao do contetido possa se ajustar a novos conteudos
de forma natural e semi-automatizada. O primeiro deles é a relacao direta de dependéncia
entre topicos, usando o atributo “depends”. Quando um tépico possui um atributo “de-
pends” para outro, esse tultimo tépico é adicionado a lista de leitura prévia indicada e
ganha maior peso no processo de ordenacao. Dessa forma, quanto maior for o nimero de
topicos que dependem de um outro, este tera sua prioridade aumentada na ordenagao.
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Figura C.6: Representagao da DTD utilizada no WARAU.
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Outros recursos que influenciam na ordenacao dos topicos sao os links para outros topicos
que podem estar no elemento “block” e a relevancia do tépico para o perfil do mantenedor.

Em resumo, podemos apontar como alguns dos beneficios obtidos com a utilizagao da
marcacao proposta:

— capacidade de extensao do contetiddo com baixo esforgo e sem comprometer o contetido
existente;

— adaptacao natural da ordenacao dos topicos de acordo com a semantica do conteudo;

— utilizacao da mesma marcacao em diversos ambientes de sistemas e linguagens;

— extensao a novas tecnologias e disciplinas;



100Apéndice C. Aprendendo sobre Acessibilidade e Construcao de Websites para Todos

— suporte ao refinamento de papéis dos usudarios;

— atualizacao de novas ferramentas de apoio a construgao de cédigo Web.

A partir da interpretacao da estrutura apresentada, o WARAU oferece servicos de
filtragem de contetido por temas e perfis de usuario e, também, dispoe de um formato
acessivel e usavel de visualizagao de conteiido. Ambos os filtros de perfil e tema per-
mitem multipla sele¢ao, que é uma opcao que mostrou-se necessaria durante a execucao
das oficinas para a construcao do PAWRAU. Nelas observamos que um cendrio comum
no contexto institucional da UNICAMP e, também, em parte dos websites disponiveis
atualmente, é o de pequenas equipes (2 ou 3 pessoas) serem responsaveis e suficientes
para a manutencao de websites. Nessas equipes, os papéis dos usuarios se acumulam e se
ajustam constantemente as demandas de trabalho.

Para ilustrar os beneficios obtidos com a integracao dos temas envolvidos na manu-
tengao de websites, utilizamos um cenario comum de utilizagao do WARAU: a procura por
uma ferramenta de avaliacao de acessibilidade, considerando um usuério que nao possui
conhecimento prévio do assunto (ver Figura C.7). Como ele tem o objetivo especifico
de avaliar a acessibilidade, geralmente buscando uma maneira rdpida de alcanga-lo, o
mantenedor filtra o tema “Acessibilidade” e acessa o tépico “Avaliagao Simplificada de
Acessibilidade” (ASA); 14 ele encontra referéncias sobre o formulario para ASA, descobre
que existe uma outra avaliacao chamada de “Inspecao Heuristica de Usabilidade” e com-
preende a forma de aplicacdo do ASA. Para melhor entender o que realmente se entende
por acessibilidade em websites, o usuario acessa os topicos “Acessibilidade” e “Acessibi-
lidade na Web”. Apds entrar no tépico “Inspecao Heuristica de Usabilidade” ele verifica
que usabilidade também é importante no contexto de conteiido Web, entao ele acessa os
topicos “Usabilidade” e “Usabilidade na Web” para entender melhor esse conceito. Tanto
em “Usabilidade” quanto em “Acessibilidade” ele descobre que existe uma interseccao
entre esses conceitos e, entao ele vai ao topico “Integragao Acessibilidade e Usabilidade”.
Assim o usuario pode construir o conhecimento fundamental para poder realizar e com-
preender uma avaliacao de acessibilidade. Dessa forma, ele inicia a avaliacao usando o
formulario de ASA e verifica que algumas imagens do website que estd sendo avaliado nao
possuem equivalente textual. Para saber como resolver esse problema, o usuario encontra
o topico “Imagens - A tag HTML <img>" onde ele aprende como, quando e o qué forne-
cer como equivalente textual a imagens. Além disso, neste tépico existe uma referéncia
para um topico sobre o uso de CSS para adicionar efeitos sobre textos, visando evitar o
uso desnecessario de imagens.

No exemplo ilustrado pela Figura C.7 pudemos observar como o WARAU integra os
diversos agrupamentos de tépicos (anteriormente apresentados na Figura C.3) e como
o usuério teria navegado do tema Acessibilidade para outros (i.e., Usabilidade, HTML
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Figura C.7: Mapa conceitual de cenario possivel de utilizagao do WARAU relacionado a
Avaliacao Simplificada de Acessibilidade.

e CSS) sem que para isso perdesse o foco inicial, que era executar uma avaliacdo de
acessibilidade. Além disso, é possivel observar que alguns tépicos contém informacoes
relacionadas a mais de uma categoria (e.g., de “Acessibilidade na Web” em “Definigao”e
” Avaliacdo”), o que torna mais natural a transigao entre tépicos de grupos distintos.

Na proxima se¢ao apresentamos uma comparacao sintética entre a organizacao do
conteido no WARAU e outros materiais disponiveis na Web, visando clarificar a contri-
buigao oferecida por esta proposta.

C.4.2 Comparacao com outras ferramentas de apoio e discussao

O contetddo disponivel no WARAU tem como principal diferencial a integragao entre
diferentes linguagens e conceitos. Esse tipo de integragao possibilita a construcao de ele-
mentos mais complexos que exigem a combinacao de diferentes tecnologias e conceitos.
A Figura C.8 apresenta a relacao do conteudo dos tutoriais de HTML, CSS e Javascript
do W3Schools [76]. Nela é possivel verificar que o material é bastante extenso, no en-
tanto, suas paginas buscam detalhar, de maneira isolada, os elementos da tecnologia que
tratam. A Figura C.8(A) mostra o relacionamento que encontramos entre paginas de tu-
toriais de assuntos distintos do W3Schools, envolvendo apenas paginas de indice que sao
referenciadas sem contexto, o que dificulta o uso de diferentes tecnologias em conjunto.
Ainda, o relacionamento entre paginas do tutorial de uma mesma tecnologia traz pouca
informacao de contexto, uma vez que o relacionamento entre as paginas se da através de
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navegagao do tipo “anterior” e “proximo” (Figura C.8, destaque B) ou através de paginas
de indice (Figura C.8, destaque C). Por fim, é possivel identificar claramente o isolamento
dos conjuntos de topicos de diferentes linguagens, além do relacionamento desses temas
ocorrer somente em alguns locais.

A Figura C.9 apresenta o relacionamento dos tépicos das linguagens HTML, CSS e
Javascript, e das disciplinas acessibilidade e usabilidade no WARAU. Os tépicos conti-
dos no WARAU tratam estritamente de assuntos relacionados a adequagao de websites
a requisitos de acessibilidade e usabilidade. Por este motivo, o conteido do WARAU
(Figura C.9) conta com menos elementos do que os tutoriais do W3Schools (Figura C.8).
Ainda, é possivel verificar na Figura C.9 que a ligacdo entre topicos de diferentes lin-
guagens e disciplinas esta representada em diversas paginas, de maneira contextualizada,
combinando diversos topicos em vez de remeter somente a indices, sendo esta uma das
principais caracteristicas possibilitadas pela estruturagao obtida com a DTD detalhada
anteriormente. Complementarmente, tutoriais comumente tratam tépicos e temas de ma-
neira independente; em vez desse tratamento, o conteido do WARAU possibilita que
técnicas mais complexas sejam aplicadas a partir da construcao de diferentes componen-
tes (e.g., utilizagao de skip links depende apenas de conhecimentos basicos sobre ancoras
e sobre acessibilidade Web).

As representagoes das Figuras C.8 e C.9 foram obtidas a partir do detalhamento da
navegacao pelo contetido das paginas, ou seja, sem levar em consideracao links localiza-
dos em areas especificas de navegacao, de busca ou filtragem, possibilidades existentes
nos dois websites representados, ou seja, duas paginas estarao relacionadas somente se o
conteudo de uma fizer referéncia explicita a outra, o fato de usarem a mesma navegagao
ou indice e de seus links estarem presentes nessa navegacao ou indice nao caracteriza um
relacionamento em nosso estudo. Ainda, a Figura C.8 nao contou com tépicos relacio-
nados a acessibilidade e usabilidade, pois os tutoriais do W3Schools nao integram esses
conteudos.

Para gerar as Figuras C.8 e C.9 foi utilizado o software Graphviz [1], que é uma fer-
ramenta de codigo aberto de geracao de imagens de grafos. Como entrada ela utiliza
arquivos que descrevem a estrutura do grafo. Os arquivos de entrada utilizados neste
trabalho foram criados manualmente, representando todos os links presentes no conteido
das paginas analisadas e das dependéncias existentes entre os conteidos, no caso do WA-
RAU. Entre as opgoes de geragao de grafos disponibilizados pelo Graphviz, foi utilizado
0 neato.
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Figura C.8: Representacao grafica do contetdo dos tutoriais do W3Schools. Com destaque
para: (A) Relacao entre paginas de tutoriais diferentes; (B) Representagdo da navegagao
com links “anterior” e “préximo”; (C) Representagao da navegagao em pagina de indice.
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Figura C.9: Representacao grafica do relacionamento entre os tépicos de conteido do
WARAU.

C.5 Conclusao

A Internet é parte essencial da vida social, economica e educacional na sociedade con-
temporanea. Assim, garantir que pessoas com algum tipo de limitacao tenham acesso a
informacao nessa midia é essencial. A maioria dos websites, mesmo aqueles das melhores
universidades no mundo, ainda apresenta problemas de acessibilidade, impedindo o acesso
de todos a informagao e servigos.

Aqueles que desejam criar websites acessiveis, em contextos educacionais, organizaci-
onais ou pessoais contam com uma ampla variedade de recursos online, tutoriais e ferra-
mentas de avaliacao de acessibilidade. Diretrizes e heuristicas tendem a tratar aspectos
tecnologicos de forma isolada dos aspectos conceituais. Além disso, apesar da disponibili-
dade desses recursos, muitos designers e desenvolvedores encontram dificuldade em situar
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esse conhecimento na sua pratica.

Este trabalho contribui na direcao de facilitar o aprendizado de conceitos e técnicas
para acessibilidade de websites, de forma articulada e contextualizada na pratica de peque-
nas equipes de pessoas responsaveis pela criagdo e/ou manutencao de websites. Para isso
apresenta o PAWRAU, um processo desenvolvido para o aprendizado de recursos de A&U
necessarios na criacdo e/ou manutencao de websites acessiveis. Esse processo é apoiado
pelo WARAU, um ambiente na Web que oferece flexibilidade ao mantenedor de websi-
tes na construcao de seu caminho de aprendizado. O WARAU estd disponivel na Web
para uso e colaboragao de todos aqueles que acreditam e buscam promover efetivamente
o acesso de todos ao conhecimento via Internet.

Atualmente, tanto o documento XML com o contetdo dos tépicos como o DTD que
descreve o documento XML estao disponiveis para download gratuitamente na area de
usuarios cadastrados do website. Futuramente sera disponibilizada para download uma
ferramenta que possibilite a utilizacao do contetido sem estar conectado a Internet. Ou-
tros trabalhos previstos sao a adigao de outros filtros de busca (e.g., busca por resultados)
e proporcionar maior participacao dos usudrios cadastrados no WARAU tanto para co-
mentar e discutir contetidos existentes como para sugerir novos tépicos a serem tratados.
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