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Resumo

sistemas de Intormecdo Geogrifica (SIG) sio categorias de sofiware que permitem a
mampilagio, gerenciamento e visuahzagio de dados geo-referenciados. O termo geo-
referenciado denota associagBo a wm sistema de coordenadas peogrificas. Existem
mimeras categorias de aplicagies SIG, em diferenies escalas € dominios, abrangendo desde
termas urbanos até ambentas. Aplicagdes de Sistemnas de Informagio Geografica na Web,
neste trabalbo denominadas “aplicagbes S1G Web”™, slo sistemas onde a ‘informagio
geogrifica’ pode estar dispersa em diferentes locais e sua mampulagio via SIG ocorre
através da Internet. A importineia de SI1G Web direcionados a sistermas agnicolas, foco
deste rabalho, advém do fato de funcionarem como um ferramental Uil para usudrios que
trabalham direta ou indiretamente no dominio: agricultorss, agrdnomos. cooperalivas
agricolas. orgios governamentais ligados a area.

Interfaces de Usadrio em SIG Web t@m sido desenvolvidas sem o uso de priticas e erilérios
que considerem especificidades desse dominio de aplicagio e a diversidade de usudnos na
weh, A qualidade da mterface dessas aplicagdes influencia diretamente o seu uso. Este
trabalhe se propde a conceituar qualidade no contexto de imerfaces de aplicagdes SIG Web,
mvestigando tanto o produro — a interface de aplicaghes 516G Web — quanto o processe de
design de interfaces de tais aplicaghes. Futas duns perspectivas formam o base de
recomendagies para a avaliagdo de suas interfaces de aplicagies.

O resultado principal do trabalho € a definigdo de um frameword de bases semidticas para
orientar designers ¢ paries interessadas no design de aplicagtes S1G Web na avaliacio de
mterfaces de tais aplicagbes. Esse framework organiza um espaco de andlise que conlém as
recomendagdes identificadas nos contextos de avaliagio do produio e de processo de design
de aplicagies SIG Web., Ele foi desenvolvide e testade utilizando um conjunte de
aplicagbes ¢ estudos de caso reais, no dominio agricala,
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Abstract

Geographic Information Systems (GIS) are pweces of sofiware that allow manipulation
management and visualization of georeferenced data, where the term “georeferencing”
denotes association with geographic coordinales. There are countless kinds of apphications
that use GIS, for differemt domains and using distinet geographic scales, ranging from
urban 1o environmental issues, This thesis uses the expression “Web GIS applications™ to
denote applications running on Geographic Information Systems, They are svstems where
the geographic information mav be distributed over severul sites, and is manipulated by
users on the Internet, using o GIS. This work 1s centered on Web GIS applications for the
agricultural domain, The relevance of these applications 15 hused on the fact that they serve
as a basic decision platform for users that directly or indirectly work in this domain:
farmers, agronomers, cooperatives or govemment instances.

Web GIS User Interfaces have long been developed withow considering practices and
criteria that take ino aceount the domain’s specificity, or the wide spectrum of Web users.
The quality of these interfaces has a major impact in the use of these applications. This
thesis 15 centered on analyzing the issve of the guality of Web GIS application interfaces.
under two perspectives: the product — the imerface iselll and the desion process of these
interfaces.

The mam contribution of this work s & definition of a framework based on semiotics that
guides Web GIS application designers in the evaluation of the imerfaces of these
applications. This framework includes a set of procedures, as well as a set of
recommendations to be followed by designers in order 1o improve interface quality. The
framework was developed and validated using several real life applications, for the
agricultural domain,
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Capitulo

Introducgao, Objetivos e
Metodologia

1.1 Visdo Geral

Sistemas de Informacdo Ceografica (51G) s8o sisternas sulomatizados usados para
armazenar, analisar ¢ manipular dados geograficos, ou seja, dados que representam objetos
e fendmenos em que a localizagio geogrifica ¢ uma caracteristica inerente 4 informagio e
indispensavel para analisd-la (Camara 1 al.. 199).

LUm S1G serve como basz a um enorme conjunto de aplicagdes chamadas “geograficas”™,
gue sio todas aguelas que manipulam dados geo-referenciados e onde a visualizacdo
geogrifica ¢ importante, Segundo Oliveira (1997), as aplicagdes usualmente desenvolvidas
em %1G definem requisitos de informac8o que permitem classificd-las em trés categorias:
urbanas. ambientais e gerenciais. As aplicagbes urbanas sdo voliadas para aspectos de infra-
estruture wrbana ¢ contole populacional, como geréncia de redes  (energia.
lefecomunicagdes, transportes) e distmbwcio de semagos pablicos. As  aplicagdes
ambientais sio voltadas para o aproveilamento e conservagdo de necursos naturais, como a
modelagern da natureza (estudos climdticos, controle de agenies poluidores, analise de
processos de desertificagio). As aplicagdes gerenciais envolvern informagdes qualitativas
sobre aplicagdes amhigntais ¢ urhanas. O oyetivo desias aplicagtes ¢ apoiar a formulacio e
o acompanhamento de politicas de desenvolvimento urbano ¢ de uso de recursos naturais.



Um S1G oferece ao programador de aplicacio um grande conjunto de funches que
permitem processamento espacial dos dados e sua apresentagdo geografica, Alem disso, um
SIG integra fregientemente operaches de pesiio de bases de dados. como consultas
¢spacials ¢ analise estatistica. com os beneficios de visuahzacdo ¢ de analise geoprafica
proporcionados pela uilizagdo de mapas. Estas capacidades distinguem o SIG de outros
sistermnas de informaco e fazem deste uma ferramenta valiosa para uma vasta gama de
organizagtes ¢ empresas. com o objelivo de explicar eventos, prever resultados € planejar
estrategias relativas a aplicagdes onde a dimensdo espacial € importante (Schimiguel,
2002),

A Imternet tem facilitado o acesso e o compartithamento de informacio no mundo. a partir
da recuperacho de mformocio hipermidia na rede. A hipermidia ~ uso combinado de
multimidia (1ex10s, sons, videns, animagdes. ete.) € hipertexto (links na forma textual que
permilem acessar OUITOS FECUrs0s. para organizar e esimuiwar a informacie) — pode
possiltar 2 criaclo de interfaces gque facilitem a interaglio entre O usudriy e as
funcionalidades do sistema.

0 wao de 51G a partir da Web esta erescendo dentro do gue se costuma chamar WebGlS ou
S1G Web. Para o pablico em geral. um S1G Web é um sistemna que permite a visualizagio ¢
consulta a dados geograficos através da Web. Na perspectiva tecnica, podemos identificar
dois conceitos distintos: S/G Web ¢ aplicagdn SIG Web, Um 51G Web & um software
{comercial ou académico) que permite a criagio de aplicagdes SIG na Web. Uma aplwagio
S1G Weh & um sistema que disponibiliza informagdo gengrafica ma Web, utilizando
recursos de visualizagdo ¢ podendo permitir alguns tipos de interag@o, coma zoom, pan
{movimentacio do mapa), consulta a informagdes descritivas relacionadas ao mapa. eic..
Fssas interagdes podem ser realizadas existindo ou ndo a ligacio da aplicacio 531G com um
banco de dados geografico em um servidor Web. Como exemplo de SIG Web pode-se
destacar 0 MapObjects (MapObjects, 2006) & eomo aplicagio 510G Web, a da Embrapa
{(Embrapa. 2004) e a da FUNCEME (FUNCEME. 2004). Nosso foco de interesse neste
trabalho estars nas interfaces de usudrio de aplicages SIG Web.

A Figura 1. a seguir. ilusira a representagdo de um S1G ¢ de um SIG Web, wilizando como
exemplos, respectivamente o Arcview GIS {(Arcview, 2003) ¢ o MapObjects (MapOhjecis.
2006), bem como sua conexdo com um SGBD (Sistema Gerenciador de Banco de Dados).
Lma aplicago SIG pode ter varias formas de apresentacio dos dados, por exemplo, mapas.
graficos. tabelas. entre outras. Pode ainda ser volada para algum dominio de aplicacdo
especifico, por exemplo, biodiversidade. drea militar. prefeituras, agricultura, etc.. Mests
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tese, damos maor énlase ao dominio de aplicagho agricoln. A escolha pele doming advém
a0 fato de 0 Brasil ser um pas onde a agroculiura possul valor estrategco, A gualidode das
intertaces de tais aplicaghes ¢ fundamenial 20 scu acesso, por pare de apnculiores,
corsuliores @ ouiras partes mieressados. podendo mfluencise em jomodaz de decisdo.

wordmode e aumemio de prodotiyadade

Interfaces
de Usuario

SiG Weh

L] L]
Hanco de

Dados

Maplo|ects

Figwra 1: 510, 510 Web e aplcacio 510 Web

1.2 Justificativa e Objetivos

Em smstemas computaconsis. o intertce tem um papel fundamental. porque ¢ a parte do
srstenu visivel para o usuano. atraves da gual ele se comunicn com o sistema. paro realizar
sugs warefas. Fla pode ser um fator de motivagdo, ou sindia. se lor mal projetada. pode se
tramsformar em wm ponto decisivo na reeicho do sistema. De nada adsenta 0 sistema ser
eficente, conmidernndo-s¢ sua eéstrutura foncional. e ter uma oderiee gue restrimpa e

dificulte o vso de sisiema

Em contrusle com a disseminagdo do uso de Slien expansio de sups apheacoes Weh, oy
desgnvolvedores de aphicagio nio tém revelndo preocupigho com os aspecios de mteragdo

dessas aplicagies, No projeto de interfaces para aplicagbes 510 Web, ¢ preciso considerar
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que essas aplicagbes slio compartilhadas por diferentes categorias de usuarios ¢
organizagdes usuarias, dispersas geograficamente. As pesquisas até agora, em suid maiora
directonadas para SIG ndo Web (neste texto doravante denominados “SIG iradicionas”),
mostram que a interface desses sistemas tem sido criada sob a perspectiva do projetisia de
SIG { Schimguel. 2002: Prado. 2001: Camara et al.. 1999). ¢ ndo tem sido adequada para
responder guesties de usuarios polenciais. Fsses problemas persistem nas aplicagfies S10
Web.

Aime el al. (1999 argumentam gue um obstaculo para o wse de 51G ¢ a distdncia gue ainda
permanece entre o sistema e a cultura do usuério. em informacio geoprifica. De acordo
com Prado (2001 ) ¢ Prado et al. (2000), existem problemas de usabilidade relacionados o
gspectos de interpretagio de elementos de interface e uwin gap entre aspecios da arefa do
usudrio € as implementagdes de S1G. Para Cdmara et al. {1999), o design de interfaces para
SIG ainda representa um ponto crucial na aceitagho ou rejeicio de uma aplicagio. De
acordo com esses autores. os avangos em modelagem de dados necessitam ser refletidos no
nivel de interface do sistema. ocultando representagdes computacionais ¢ permitindo ao
LAY e concentrar na informag@o peoprficn,

Virios trabalhos na drea de interfaces para SI1G 1ém revelado preccupagiio com os canais de
represeniacdo da informagio como. por exemplo. o use de fala. gestos, movimenio em
computacdoe movel. manmipulagdo direta. modelos em 30, [inpuasens visuais { Aprawal et
al.,, 2004; Merdes et al., 2004; Laurini et al, 2004: Shumilov &t al, 2002), Outras
contribuictes tém surgido envelvendo investigacio em sistemas colaborativos, interagio ¢
comunicagio em grupos ¢ contexto de uso (Hiele et al.. 2003). Seixas ¢ Souza (2004
propuseram um método de inspeciio semidiica para interfaces baseada em mapas (15IM),
capaz de analisar o efeiio de representacives usadas nestas interfaces gquanto 3 capacidade de
comunicar 8 informagio geografica. O I1SIM emprega 1écnicas analiticas para definir o
contexto da aplicagio e o perfil do wswario, bem como para interpretar os resultados
obtidos.

Com relagio & investigagdo sobre gualidade de aplicagies na Weh, Despeyroux (2004)
ressalta que € necessang explicitar 2 noglo de qualidade de um website e ela deve ser
relacionado a facilidade de acesso, Para Xu et al, (2003), os métodos de teste tradicionais
o sio adequados para testar aplicagbes web, Existem viras iniciativas de abordapens
para qualidade na web — uso de métncas, modelagem conceitual e navegacional, checklist
para avaliagio de acessibilidade. teste de acessibilidade (Dhyam et al. 2002; Olsma < al.,
2003; Cybis, 2003; Melo et al., 2004),



Pelo fato de gue a interface de aplicaghes SIG Web 1em sido projetada de acordo com a
visdn dos construtores de SIG. centrados nas fungdes, usuvdrios nao especialistas m
tecnologm de 510G podem ter dificuldades de uso. A diversidade de usudrios ¢ de formas de
utihzagho potencial desses sistemas € mais um desafio que se coloca. A importdncia de se
ivestigar a qualidade de inlerfaces de usudrio em aplicagfes SIG Webh advém da
mecessidade de se oriemar o designer dessas aplicaghes,

O obrtivo deste trabalho ¢ propor um framework de bases semidticas para o design e
avaliacdo de mierfaces no conlexto de aplicagdes SIG Web, com a definicio de um
comjunto de recomendapdes. Este trabalbo combina pesquisa nas dreas de Engenharia de
Requisitos, Interagdo Humano-Computador ¢ Semidtica Organizacional. A pesquisa em
Engenharia de Requisitos estz em franca expansio (Lamsweerde. 2000; Bevan, 1999;
Bevan. 1997). Analisa problemas que vio desde a interacio com o wsudno parn determinar
suas necessidades. até metodologias de especificagdo de requisitos. A Interagio Humano-
Computador. como drea principal de nossos estudos, € a disciplinag que estuda a interagio
possibilitada pelas interfaces de sistermas computacionais. A Semiotica, como a ciéncia dos
signos @ suas vidas na socedade (Santeella, 1996; Pewrce, 1990) e a Semidtica
Organizacional como um dos ramos da Semiotica (Stamper. 1973a; L. 2000). oferecem
referencial metodologico para o desenvolvimente de sistemas de informagdo. com foco em
questdes de sigmificado da miormaglio. A Semiotica Urganizacional permite considerar
fatores tradicionalmente ndo tratados no desenvelvimento de sistemas. como aspectos
culturais. éticos. sociais. Tais clemenios sd0 de suma impondncia. principalmente
considerando-se aplicagdes S1G Web, que 16m um perfil de usuarios bastante diversificado.

Esie trabalho fioi desenvolvido em um contexto em gue se pretenden: (i) fundamentar o
conceito de qualidade de interface em aplicagles S1G Web, (i) propor recomendagdes para
o design e avaliag3o de fnerfaces para aplicagbes SIG Web e (i) especificar um
framework pama o design ¢ avaliagdo de interfaces para essas aplicagies,

1.3 Cenario do Trabalho

0 desenvolvimento do Framework para Avaliagdo de Interfaces de Aplicagies SIG Web
descrito no capilulo 6. foi fundamentado na Escada Semiotica de Stamper (1973a). Esta
Escada propde sete niveis de entendimento da informagdo, gue vio do mundo fisico - infra-
esiritura necessaria para veiculacdo da informagio e funcionamento de um sistema, A o
mundo social. onde as implicacdes de uso do sisterma aparecem. A Escada Semidtica foi



utilizada neste rrakalho, como artefato para a organizaglo das recomendactes identificadas
tanio no contexio de produto como no contexto de processo de design de interfaces de
aplicagdo SIG Web. Ela ¢ imponiante porque permite considerar signos de uma apheacio
Web, desde os aspectos maleriais e empiricos de infra-estrutura (de canal de captura e
transmissio de informacgdo ). até aspectos sintaticos (de estrutura de linpuagem), semdnticos
{de significedos dos elementos representados). de pragmaitica (das intengdes) e socials (das
normas e implicacdes legais). Para cada um dos degraus da Escada, foram propostas
recomendagdes para contribuir no processo de avaliacdo de interfaces de aplicagbes SIG
Web, Teis recomendagbes foram identificadas com hase no contexto de produto de
interface de aplicaches SIG Web, bem como com base no contexto de processo de design
de interfaces de aphcacio S1G Web,

Para se chepar a este resultado final. foram necessirios virios passos, A pesquisa fon
Iniciada com um levamameno de vinte e cinco aplicagtes SIG Web, voltadas para o
domimio agricola (Schimiguel et al. 2004a). Sobre esse conjunte de aplicagdes SIG, fo
realizado um estudo de aspectos de interagio ¢ de conteudo dessas aphcagdes. Como
resuliado desse estudo. chegamos a uma categorizagio para aplicagdes SIG Web. de acordo
com aspecies de interagio. As categonas definidas foram, considerando-se gradativamenle,
da menos interaliva para a make mierativa: (1) Bibliotecas e Catdlogos de Dados Espaciais.
(it} Servidor de Mapas Estdtico. (iii) Gerador de Mapas ¢ (iv) Browser de Mapas On-line.

Em mais detalhes, estas categorias sio caracterizadas por:

(1) Bibliiecas ¢ Catdglogos de Dados Espacials: aplicagdes que possibililam fazer o
downlaad de arquivos, mas sua visualizacso ¢ possibilidades imerativas s3o dependentes de
akgum plug-in ou software especifico instalado na maguina do usudne.

(i) Servidor de Mapas Estdtico: aplicagdes gque apresentam imagens capturadas por
sensores, videos-cimeras, cimeras terrestres, satélites, ¢ disponibilizadas de forma estatica.
As possibilidades interativas sio dependentes do sofiware de visualizagio. Pode também ter
possibilidades interativas, como zeom, pan, consuha a dados geograficos associados ao
mapa.

(i) Crerador de Mapas: aplicagies em que os mapas sio gerados a pmjr do fornecimento
de especificagbes pelo usuario em um formuldrio no web browser. E possivel realizar
zoom, pa. consulta a dados geograficos associados ao mapa, selecionar camadas de dados
para visualizaco, entre outras possibilidades.



(iv) Browser de Mapas Or-Line: permite visualizar, consultar, recuperar ¢ modificar mapas
on-lime. E restrito a sistemas proprictdrios. pertencentes @ instituighes, drglos e empresas
com acesso restrito aos dados. E importante salientar que as aplicagdes pertencentes a esta
catcgorin s3o mais vidveis para Imranets do que pam a lmtermet. pols ¢ muito custoso
realizar alualizacdes em dados através da Internet.

Com base nos resultados desta investigagio, trés aplicagées SIG Web, foram escolhidss
para lestes mais especifivos. As aplicagdes escolhidas foram o Agritempo (EMBRAP A-
CEPAGRI), a aplicagio da FUNCEME e a do SIMEPAR (SIMEPAR. 2004). As
aphecaghes da FUNCEME e do SIMEPAR pertencem & categoria “Servidor de Mapas
Estatico”. Essas sfo aplicaghes que apresemtam imagens capiuradas por sensores, video-
cimeras, cimeras lerrestres, satélites e sho dispontbilizadas stravés de arquivos estaticos
(por exemplo, arquivos JPEG ou GIF). Possuem poucss possibilidades mterativas, como o
zoom sobre 0 mapa ¢ a consulia a informaches descrivivas na pigina Web. A outr
aplicagiio selecwnada (Agritempo) pertence & categoria “Gerador de Mapas®. onde mapas
podem ser gerados por especificagies fornecidas pelo usuirio em um formuldrio no web
hrowser, Além de possibilidades interativas como oom ¢ pon. eaa aplicagio permiie a
consuba a dados geogrificos associados ap mapa. possibilitando também a selecio de
mivels lematicos pars visualizagdo.

A categora ‘Servidor de Mapas Estatico” loi a mais freqlentemente encontrada no
conjunto analisado (Schimiguel et al., 2004a). influenciando na escolha por duas aplicagies
dessa categora. A aplicacio do SIMEPAR apresenta maior énfase em elementos de
conteddo, enquanio que a aplicagdo do FUNCEME apresenta mais possibilidades
interativas, comparada @s outras aplicagdes levantadas. Parn complementar, uma aplicagao
pertence @ regifo Sul do Brasil (SIMEPAR). enguanto que a outra pertence i regido
MNordeste (FUNCEME), permitindo detectar caracteristicas especificas a cada contexto. A
categona “Gerador de Mapas™ permite mais possibilidades interativas do que a2 categoria
“Servidor de Mapas Estitico”.

Essac trés aplicagbes S1G Web passaram por uma Inspeciio |SO 9241 (1S0O9241, 1997;
Schimiguel et al., 2004b), conforme descrito no capitulo 2; uma Inspeglio de Acessibilidade
(Schimiguel et al., 2005a), descrito no capitulo 3; um estudo de caso com usudrios
(Schimigue! et al, 2003b, 2006), descrito no capitulo 4, Um processo de Engenharia de
Requisitos foi instanciado pura o design e desenvolvimenio de uma nova aplicaglo SIG
Web, 0 WebMaps (Baranauskas et al, 2003) e estd desernito no capitulo 3.
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A inspecio 150 9241 (150924, 1997), deralhada no capitulo 2. ¢ baseada ma norma que
trata de Requisitos Ergonomicos para o Trabalhe com Termumais de Displavs Visuais
(Ergonemic Regquirements for (ffice Work with Viswal Display Terminals). Escolhemos
£sla norma como um instrumento de inspecdo de nterfaces de SIG, uma ver que esta
permite a inspecio de usabilidade de elementos relacionados & interface, tais como: a
estrutura de menu, sistema de ajuda. gerenciamenie de ermos. navegagdo. eto.. A ABNT
(ABNT, 2009) classifica a [SO 9241 como relacionada a *Ergonomia de Sofiware” (MCT.
2004). As partes utilizadas da 180, para a realizagio da inspegio foram: (i) parte 10:
Principios de Dhadlogo, (n), parte 12: Apresentagio da Informagdio, (i) pare 13; Guia do
Usudrio e (1v) parte 14: Menus de Dialogo. Nesta inspegdo, documentada em Schimigue] <
al. (2004b}, detectamos que as trés aplicagdes avaliadas violam fortemenie o padrio IS0
9241-10, em Principios de Didlogo, o que sugere gue essas aplicagbes possuem deficiencias
em fatores relacionados & execugdo e controlabilidade da tarefa. Essas aplicacdes ndo
constderam diferentes perfis de wsuirios, nem suporiam técmicas para faciliar o
aprendizado ¢ um feedback apropriado ndo ¢ provido.

A Inspeciio de Acessibilidade (Schimiguel er al. 2003a). detalhada no Capitulo 3. foi
realizada tomando-se por base uma avaliagho simplificada de acessibilidade Web realizada
por Melo et al. (2004} e Melo e Baranauskas {2003) que propde; (i) use de browsers-web
textuais e graficos e (ii) verificagio de acessibilidade com ferramentas semi-auomaticas.
Trabalhamos com estes dois métodos porque sio ficeis de usar ¢ oferecem a possibilidade
de identificar aspectos gque tém influéncia direta na experiéncia do usudario, O uso de
diferentes configuracdes de browsers-web ¢ um dos métodos sugeridos pela W3C (20035b),
para identificar elementos que nterferem diretamente na inleragio ¢ na acessibilidade &
informagio.

0 estudo de caso com usudries {Schimiguel et al.. 2005b. 2006). detalhado no capitulo 4.
envolveu um teste de usabilidade em laboratdrio. com usudnos prospeclivos. seguido de
uma atividade de discussio coletrva. Parmiciparam do teste quatro usuanos com perfis
diversos de formagdo, incluinde as dreas de Informdtica ¢ Agricultura: um Administrador
de Banco de Dados, um Analista de Sistemas, um Engénhero Agronomo ¢ um Engenheiro
Civil com especializacho em Geoprocessamenin. todos trabalhando no dominio agricola. A
cles foi proposta a larefa de “buscar por informagies mapas sobre a previsde de tempo
para o més de maio do ang corrente”. As aplicagdes 516G Web utilizadas. respectivamente
Agritempo. FUNCEME ¢ SIMEPAR permitiram a realizaclo da wrefa para os estados de
5o Paulo, Ceard ¢ Parand. Como forma de organizar b anglise das mteragdes dos usuarios



com as aplicagdes SIG Web via interface, utilizamos diagramas de seqiéncia da UML
( Unified Modeling Longuage) para representa-las.

Este estude de caso indica que especialistas no dominio 1&m mais facilidade de uso desses
s1stemas. 0 que sugere serem eles o8 suanos implicitos desses tipos de aplicagdes no Weh,
O vocabuldrio wsado parece ndo ser adequado poara usiErios ocasionais e tarefas de
mileresse no colidiano das pessoas. Os resultedos mostraram que palavras como ‘clima’ e
“tempo’ podem confundir usudrios ocagionais, que podem lomar esses dois termos como
sindnimos, Mostraram também gue ¢ acesso a um Tulonal, associado 35 aplicagdes SIG
Web, podéria contribuir para facilitar a execugdo da tarefa. Ainda. mapas do sife costumam
ser Greis na orientagdo da navegagio do usudno. Das trés aplicagbes avaliadas, a dnica que
possuia um mapa de sie € o Agrilempo, recursg que parece nio ter sido percebido pelos
sujeitos do teste. Ainda, pode-s¢ verificar que usudrios diferentes 1ém diferentes estilos de
interacdo: alguns se guiam por imagens, enquanio outros buscam /inks textuais, ou seja. s
duas formas de navegagio devem ser providas (Schimigoel ef al.. 2003k, 2006).

Um processo de engenharia de requisitos para design de nova aplicagdo S1G Web esid
detalhado no capitulo 5. Utilizamos: os méodos MEASUR (Merhods for Eliciting,
Analyzing and Specifving User Reguirements — Meétodos poa Elicitagdo, Analise e
Especificagio de Requisitos de Usudrios), da Semmiotica Organizacional { Liw, 2000), para o
processo de elicitagio de requisitos de uma aplicagio 510 Web O alvo desse processo foio
projeto WebMaps, financiado por programas do CNPy. Este projeto  envelveu
pesquisadores de computagdo e de engenharia agricols, pura o desenvolvimento de uma
aplicagio SIG Web no dominio agricola. O grupo tinha especialisias com competéncias nas
varias camadas da Escada semiotica de Stamper (19732). Foram realizados trés workshops
de trés horas de duracio cada. condurdos por facilitadores com o8 sfakeholders em um
formato participative. Participaram dos workshops 17 pessoas de diferentes backgrownds e
campos do conhecimento, incluinde processamento de imagens, bancos de dados
seoprocessamento.  estudos  agro-ambientais, especialistas em  interagio  humeno-
computador, uswiros represemativos, desenvolvedores de sistemac de sofware, etc.. Virios
antefatos da Semiotica Organizacional foram utilizados como ferramentas de comunicagio

entre 0s participanies durante os Workshops ( Baranauskas et al., 2003).

Finalmente. o capitulo 6 articula as contribuigdes dos capitulos anteriores, propondo um
framework parz avaliacBo de imerfaces em aplicagdes S1G Web no domimio agricola.
MNeste capitulo. realizamos uma sintese dos resultados oblidos nos capitulos anteriores e



destacamos recomendagtes para a avabiacio de merfaces de aplicagdes SIG Web,
organizadas segundo os niveis signicos da Escada Semidtica de Stamper (19734).

1.4 Contribui¢cdes e Organizagdo da Tese

As principals contribuigbes da tese sBo:

i)

il

1)

Proposicho conceitual para qualidade de interface de usudrio tomando como
base aplicagBes 510G na Web ¢ o dominio apricola. Esta proposigdo &
construida sobre conceitos e meétodos associados & inspecdes de usabilidade.
acessibilidade e testes com usudrios.

Conjunto de recomendacdes ao designer de aplicagdes SIG Web no gue
lange processs iterativo de design ¢ avaliagio de prototipos de tais sistemas,
Estas recomendagdes simtenizam aspectos observados tanto na avaliagso de
mterfaces guanto no processo de engenharia de reguisites para esse tipo de
aplicaciio,

Um framework que possibilita ao designer ¢ &s partes interessadas em SIG
Web orentarem o processo de design ¢ avaliacio de 1ais aplicacdes. Este
framework organiza o espago de design a0 mesmo tempo em que situa o
conjunto de recomendagties em diferentes niveis de informagdo: dos niveis
iecnicos (camadas fisica. empirica e sintatica) acs nivels de informagio
humana (camadas semantica. pragmatica e social).

Tws contribuigdes 3o fundamentadas em aplicagbes reais, tanto no gue s¢ refere a
avaliacho das aplicagtes, quamo ao design de um novo S1G Web.

O restanie deste 1exio esid organizado em capirulos contendo o texto integral de artigos
publicados ou aceitos para publicagiio. como segue:

Capitulo 2: “Inspecting User Interface Cuality in Web GIS Applications™, Juliano
Schimiguel. Maria Cecilia Calani Baranauskas. Claudia Bavrer Medeiros. Anais do
GEOINFO2Z004 Brazihan Symposium on Geomformatics.

Capitulo 3: “Accessibility as a Quality Requirement: Geographical Information

Svstems on the Web”, Juliano Schimiguel, Amanda Meincke Melo, Maria Cecilia
Caleni Baranzsuskas. Claudia Bauzer Medeiros. Anais do CLIHC2003 Conferéncia
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Latino-americana de Interaccidn Humano-Computadora (*Top 11 Dewnloads from
ACM s Dyigival Eibrary”).

+ Capitulo 4: "Usabilidade de Aplicagdes S1G Web na Perspectiva do Usuirio: um
Estudo de Caso™ Juliano Schimigoel, Maria Cecilin Calam Bamnauskas, Claudia
Bawrer Medeiros. [nicialmente publicado nos Anmais do GEOINFO2005 Brazilian
Symposium on Geoinformatics e estendido em uma versdo completa para a revisia
IP — Informatica Pablica, 2006.

* Capitule 5: “Guiding the Process of Requirement Elicitation with a Semiotic
Approach — A Case Study™, Maria Cecilia Calani Baranauskas, Juliano Schimiguel,
Claudia Bauzer Medeiros, Carlos Alberto Cocozza Simoni. Anais do HCI
International, 2005,

*« Capliulo 6: “Um Framework para a Avaliagdo de Interfaces de Aplicagdes em
Sistemas de Informaclio Geogratica na Web™, Juliano Schimiguel. Maria Cecilia
Calani Baranauskas, Claudia Bauzer Medeiros, Anuis do THC2006 Simposio
Brasileiro de Intersiio Humano-Computador (trabalho soeilo; & ser publicado ).

Além dessas publicagdes, o seguinte artigo foi publicado. dando inicio & pesquisa:

“Investigando Aspectos de Interagdo em Aplicagies SIG voltadas a0 Dominke Agricola™.
Juliano Schimiguel. Mana Cecilia Calam Baranauskas, Clawdia Bauzer Medeiros. Anais do

IHC2004 Simposio Brasileiro de Interagdo Humano-Computador.



Capitulo

Inspecting User Interface Quality in
Web GIS Applications

2.1 Introduction

The evolution in Information Technology (IT), the resources directed w0 Geographic
Informaton Svstems (GIS) and the Internet dissemination in daily hife make the creabon of
*“mtelligent maps™ possible. The term "intelligent map” is frequently used by Web GIS users
1o denote the possibility of interaciing with a GIS and its underlving databases, through o
cartographic imerface. In this way. 8 user who is nol necessarily familiar with geo-
processing can have access 10 these technological benefits simply by using a standard web

browser.

The diversity of Web GIS application users demands mvestigaton in the quality of human-
comptiter interaction. [nterface quality mvolves several factors related io the gquality of the
interface design process, the quality of the product and the usage experience that it supports.
In this work, we are particularly interested in investigating the quality of the mterfaces of
Web GIS applications.

Interface evaluation aims o determine if the user’s necessities are fulfilled, evaluating the
adequacy of the system 10 a given task or task groups and comparing the sysem with other
products in the markel (Kirakowski e Corbett, 1990). Usability data can be captured by
several approaches: formally by running an evaluation software that receives as input a
formal specification of the interface; empirically, by testing the interface with users;
informally having expert evaluators inspecting aspects of the interface which would impact



n the sofiware usability. Considering the state-of-an in Homan Computer-Interaction { HCI},
tormal methods hardly cope with the complexity of interactive systems on the other hand.
empirical methods based on real users dre very expensive and tme consuming to be applied
in every stage of an evolutive developmem of an interface. 1nspection-base methods have
been pointed oul as an effective method to be combined with user tesiing.

Human-computer interaction in GIS applications has recently received attention from
researchers in the GIS field. Davies and Medyckyj-Scoot {1994} formulated some high-level
recommendations for the improvement of GIS, based on problems faced by users of GIS
software, and the relation between those problems and the context in which the GIS was
used. Davies and Medyeky|-Scoot (19961 led the evalustion of GIS usability. using
mterviews, checklisis and video recording of users al work with their GIS. The analysis of
objective and subjective data showed a strong relationship between the amount of 1ime
wasted on ermors and problems. and compatibility with the user’s conceptual models. The
research reported by Pinto and Onsrud ([993). m the use and diffusion of GIS, addresses
correlations between user characteristics and user satisfaction.

Aime et al. (1999} argue that a serious obstacle for the use of GIS 15 the distonce that sull
remains between the system and the user’s culture in geographic information. According 10
Prado et al. (2000, there are usability problems relaied to interpreiation aspecis and gaps
between user 1asks and GIS implementations. (IS interface design still represents a erucial
point in the acceptance or rejection of an application (Camara et al, 199%), According 10
these authors, the advances i data modeling need to be reflected at the system interface
level, hiding computational representations and allowing the user 1o concentrate in the

geographic data.

Literature has addressed wser imterface aspects by investigating the use of GIS by
prospective users in usability laboratories or in their work situations. Tn this work we
approached the subject by conducting an inspection-besed method. The goal of this wark 15
to Investigate the use of 150 9241 standard — Ergonomic Requirements for Office Work with
Viswal Display Terminals (VDTs), to inspect the imerface guality of Web GIS applications.
Our case study involves the inspection of three Web GIS applhcations: Agritempo {Embrapa,
2004), FUINCEME (Funceme. 2004) and SIMEPAR (Simepar. 2004 ). Our choice was based
on a survey of Web GIS applications carried out in previous work (Schimiguel et al., 2004a).
Chur contributions are: (1) the proposal of a methadelogy for mterface inspection for Web
GIS applications. (ii) the mvestigation of the 1503 924] standard as an instrument for
mterface mspection of Web GIS applications. The paper is organized as follows: Section 2
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presents the 150 9241 standard and quality concepts. Section 3 describes the case study
considered; Section 4 presents preliminary analvsis of resulis and Section 3 concludes the
work

2.2 Standards and Quality

Imernational Organization for Standardization (150) is & world wide agency for standard
regulation. The work of preparing standards is conducted by technical 150 committees.
several organizations including intermational governmental and  non-governmental
organizations, jointly with 150, ke pan in this work.

2.2.1 Process and Product Quality in Engineering

Software quality is determined by the quality of the process used for its development and by
the guality of the final product kscll, Thus, the improvement in the software quality is
achieved by the improvement in the process of developing it. This concept has guided the
elaboration of standards for evalustion and improvement of software development
processes, Examples of standards regarding quality of processes are 150 9000-3, ISOVIEC
12207-1, SE1 SW-CMM and SPICE.

To evaluale the quality of the software product means to verify and consider all
requirements, which. in general. express different Kinds of needs specified in quantitaiive or
qualitanive terms. The goal 15 10 define the characteristics that allow verification of the
software.

In this work. we are interested in the evaluation of interfaces of Web GIS applications. not in
the process of imterface design. As the goal of our work = 10 investigate aspects of the
human-computer interaction. we chose the [SD 9241 sundard as the instrumemt for
inspecting the GIS imerfaces. The (SO 9241 standard allows a usability inspection of
clements related to the nierface (verifiable questions), such as: the menu structure, help
sysiem. error management, navigation., etc.. ABNT (2004} classifies [SO 0241 within
Sofiware Ergonomics (MCT. 2004,

222150 9241

The IS0 9241 international standard was prepared by the 1SOTC 139 technical commitiee
of Ergonomics and SC4 subcommittes in Ergonomics of the Human-5ystems Interaction. It
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consists of 17 parts (1509241, 1997). under the general heading of Ergonomic Reguirements
for Office Work with Visual Dispiay Terminals (VDTs).

There exist already reports on the use of standard 150 9241 on interface evaluation. but none
has been reporied on GIS Lterature, Gediga et al. (1999) discussed a software evaluation
based on 150 924 1-10, by using & questionnairg depominated IsoMetnics, © collect usability
data [or summative and formative evaluation. The authors consider it a procedure 1o
categorize and to prioriiize weak pomts that can be used as basic mput for usabality
revisions, Bastien ef al. (1996) applied the 150 9241 1o detect usability problems in a
database application; they considered part 10 (Dialogue Principles) of IS0 9241,
Oppermann and Reiterer (1997) considered an overview of different evaluation technigques,
deseribing their advantages and disadvantages. They presented 150 9241 Evaluaror. an
evaluation method for specialists to test 300 flems of parts 10t 17 of the 9241 standard.

2.3 Quality Inspection based on ISO 9241: a Case Study

The 150 9241 standard considers a very large set of msoues. Therefore, our work consisted in
nspecting the interface of Web (IS applications for a repressntative part of this standard,
We chose applications with emphasis on agriculiural systems. The inspection considered the
following parts of the standard: Dialogue Principles (part 10), Presemtation of Information
(part 12}, User Guidance (part 13) and Menu Dialogues (part 14). Other parts of IS0 924]
standard were not chosen because they concern physical devices or because they would
require user’s participation, or clse because they do not apply uniformly to all three
evaluated Web GIS applications.

The Web GIS applicatons chosen for the analvsis were respectively Agritempo { Embrapa.
2004). and the systems developed by FUNCEME (Funceme, 2004) and by SIMEPAR
(Simepar. 2004). FUNCEME and SIMEPAR belong to the "Static Maps Server” application
category (Schimiguel et al., 2004a). These are applications that present images captured by
sensors, video-cameras, terrestrial cameras, satellites, and that are available in static files
(e.g.. jpe. bmp). This category allows a few interactive possibilities, as zoom, pan. query,
and visualization of thematic data associated w maps. The other selected application
{Agritempo) belongs to the "Map Generator” category, in which. maps are generated from
the specifications supplied by the user via a web browser form. Besides zoom and pan. this
application allows querying geographic data essociated with the map. or selecting data
layers for visualization among other possibilities. These three applications were chosen
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among several other applications discussed in Schimiguel et al. (2004a) because of the
following reasons:

The "Static Maps Server" category is more frequently found. influencing our choice for two
applications of this category. Moreover. the SIMEPAR on presents more emphasis on
content elements and FUNCEME on interaction possibilities. Furthermore. an application is
from Brazil's southern region (SIMEPAR) and another from Brazil's northern region
(FUNCEME): this is important to detect specific characteristics from each context;

The "Map Generator" category allows more interaction possibilities than the "Static Maps
Server" category. We chose the Agritempo. developed within the Brazilian Federal
Government context.

Tables 1 through 4 follow illustrate the considered parts of ISO 9241 (part 10: Dialogue
Principles - Table 1. part 12: Presentation of Information - Table 2. part 13: User Guidance -
Table 3 and part 14: Menu Dialogues - Table 4). for the 3 evaluated Web GIS applications.
In these tables. the symbol "X" stands for the violation of the respective norm and the letters
A. F and S mean Agritempo, FUNCEME and SIMEPAR.

Table 1. ISO 9241-10: Dialogue Principles

Number  Norm Description A F 3

10-3.2.1  The dialogue should present the user with only the information related to the X
task accomplishment

10-3.4.1  The nteraction speed does not have to be dictated by the system X X

10-3.4.5  Different characteristics and necessities of users require different levelsand X X X
methods of interaction

10-3.5.3  The application should use vocabulary that is familiar to the user in the task =~ X X
execution

10-3.6.2  Errors should be explained to help the user correct them X

10-3.7.1  Mechanisms should be provided to allow the dialogue system to be adapted X X X
to the user’s language, cultural and individual knowledge

Table 2. ISO 9241-12: Presentation of Information

Number  Norm Description A F S

12-5.34  Appearance of windows should be consistent with the application X

12-54.2  Density of the shown information: the information density can not be seen X X
by the user as excessively disordered

12-5.6.1  Groups distinction: groups should be perceptively distinct. according to the X
spacing and localization

12-5.6.3  Conventions use: information groups should be arranged into common X X
formats, conventions and customs

12-7.5.1  Colors as auxiliary codification: colors should never be used for codification X X
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miean mg only

2155 Mumber of y=ed eolors: 1§ codification colors are ised, nd mare than 2ix X X X
eolors should be used, bessdes the sddition of the black and white calors
Tabde 3. 150 9241-13: User Guidance
Mumber  Morm Description A F S
[3-5.32  Phrases shoold be used 1o enhance the user’s pereeption conrol X
13-722 Mo inmrusive feedback, it should not distract the user in relation 1o his tash X X X
13-7.2%  Approprinte time for feedback should be pravided X X
[3-9.2.] Error prevention should be provided whan apgropriate X X
13-0.23  Users should be informed about the occurrence of potentinl svetem failure X
13=10- Context-sensitive help is provided. supplied when the taaks have specific X X X
T.] steps or contextual miormatisn
Table 4. [509241-14: Menu Dialogues
Number  Norm Description A F 5
14-501 Cptions should be amanged inside conventians of natural groups X &3 XK
[4-5.13  Caegonies: options should be grranged inside groups from four 10 eight xR A
aptians per level
14-535  Use order: if'a use order 15 known, the menu should be armanged in thisform X X X
i4-6.15  Menu Map: representing the menu structure and it should clearly be X X
available when necessary
|62 d Mavigaton o g next level: a simple and consistent meaning should be X
provided to shifl 10 the next level in the menu struchre
14-8.1.7  Headmgs: the writing should be short X X X

2.4 Preliminary Analysis of the Inspection

2.4.7 Analysis Overview
Table 3 shows the violation of [S0 standard. considering all the norms together and parts 10,

12,13 and

14 separatelv.

Tahle 5. Cuantification of the Web GIS appheations recarding narm violation

Applicatians All Morms Dinlogue Precentateon of Lrear Guidanea (133 Menuy
Principles.  Informaiion {12} [halogmees {143
(1)

Aprtempa H5 S0 T B 52.0% TR.6%% 6l 1%

FLINCERE 50 845 &1 8% 47 1% 4 3% T2

SIMEPAR 4T h% 471% 4 S0 56, T




Analyzing Table 5. we observe that Agritempo is the one with overall lowest conformance
to the four norms considered. FUNCEME had a higher violation rate of 1SO 9241-14. for
Menu Dialogues. Overall. we can see that the difference in Agritempo and FUNCEME is
not expressive. One of the factors that can have contributed to Agritempo’s higher violation
rate. is the fact that this application belongs to the "Map Generator” category. while the
other two applications belong to the "Static Maps Server" category. The "Map Generator”
category (Schimiguel et al., 2004a). by definition. possesses more interaction possibilities
than the "Static Maps Server" category. offering margin for a larger norm violation.

Eighty four norms were inspected of which 32 (38.1%) were not obeyed by any of the three
evaluated applications. Of the 32 norms, 13 belong to part 10 (40.6%). 3 to part 12 (9.4%). 6
to part 13 (18.8%) and 10 to part 14 (31.3%). This result suggests that the evaluated
applications would have potentially more problems in relation to [SO 9241-10 (Dialogue
Principles). that involves factors such as task adequateness. controllability. user expectations
conformity. customization adequateness. learning adequateness. etc.: and, secondly. ISO
9241-14 (Menu Dialogues). which is related to menu organization and dialogue structure.

Seventeen norms were obeyed by all the evaluated applications. Among them, we can point
out a norm which recommends that dialogues used for similar tasks should be similar. so
that the user can develop common procedures for task resolutions (10-3.5.4). We can also
point out a norm that recommends that the dialogue system should allow the user to choose
alternative forms of information presentation. in concordance to the individual's preferences
and the complexity of the information to be processed (10-3.7.2). Considering this norm. the
evaluated applications allow information visualization in the form of maps. tables. graphics.
among others.

2.4.2 Dialogue Principles - ISO 9241-10

Suitability for the Task and Individualization, Conformity with User Expectations. The
dialogue design should take into consideration the task complexity in regard to the user’s
abilities (10-3.2.4). None of the evaluated applications considers to this norm, since different
user profiles are not considered. The application should use familiar vocabulary for the user
in task execution (10-3.5.3). The SIMEPAR is the one that seems to have a more adequate
vocabulary. Neither of the three applications provides mechanisms to allow the dialogue
system to be adapted to the user’s language, cultural and specific knowledge (10-3.7.1): the
user is not allowed to incorporate his’her own names for objects or to add specific
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commands { 10-3.7.4) and users are not qualified 1o configure operational parameters of time
to match their individual necessities (10-3.7.5).

Suftahility for the Task and Learming. One of the great problems in Web applications is that
help systems are unavailable or imefficient. There 15 a norm that recommends that help
imformation should be task dependent (10-2.2.2)0 For Web GIS applications, besides not
being task dependent, many applications even do not provide access to a help system.
Learning strategies should be provided. such as tutorials, leaming by examples. among
others (10-3.8.2). None of the evaluated applications have conswdered such factors, Only
Agritempo possesses a help system, supplemented by a technical term glossary, However, it
is mot task dependent. The FUNCEME and SIMEPAR seem to be more adequate as regards
task execution, given the scope of these applications. when compared to Agritempo. For
example. 1o visualize weather forecast maps in Agritempo, the application provides a series
of forecast maps that can create complexity in task execution. The dialogue should present
the user only with information related to the completion of the 1ask (10-3.2.11

Suitahiling for the Task and Ermor Tolerance: In Web GI5 applications. web forms are one of the
respurces frequently found, in which the user can fill out specifications, with the miention of
querving maps, bles, graphics, among others. We noticed that in general Web GIS applications do
not include default values for data entry fields. This occurred with Agritempo. violating a norm that
recommends that when there are default inputs to ene given task, o should not be necessary for the
user o enter the values (10-3.2.7). In the case of SIMEPAR, we observed the existence of an
important resource: the ttality of the form elements is restricied to widgets of the combobox tvpe.
1., they restrict user dota entry, préventing error occurrences. This is the recommendation of a norm
that srates that the applicanion should assist the user detecting and preventing errors n the inpat ( 10-
3.6.1) Agritempo and FUNCEME do not obey thit norm: therefore if in Agritemnpo the user enters
some invalid information in these fields and the aror occurs, the applkation does not help them
correct it {10-3.6.2). Part 17 of 150924 ] specifically deals with the hilling out of forms,

Controllabilitv and Conformity with User Expectations. Users’ different characteristics and
necessities require different imteraction levels and methods (10-3.4.5). The three evaluated
applications do not obey this norm. However, we observe that some diversified levels of
interaction are offered; for example. sophisticated users have enough resources to fulfill
their tasks: for novice users, there are some links (shorteuts) for some application resources,
for example, the weather forecast. However, these links provide access 1o a few
functionalities.
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Interaction speed 15 & very important factor and it should not be dictated by the svstem ( 10-
3.4.1). FUNCEME and SIMEPAR provide the so called dyvnamic messages. generally used
in commercial web sites. These are conlinuous messages and if the user 15 not fast enough,
(5)he will not be able 1o read the miormation that 15 being shown.

When the user’s task in the Web (:15 application 1 interrupted by an enerey drop, svstem
failure, for example, users should be able to resume therr task from where they stopped (10-
3.4.3). This is a resource that many web applications have not implemented yel

If the reply time deviates from the expected reply time, the user should be informed of thal
(10-3.5.7. FUNCEME and SIMEPAR do not have resources that demand much processing.
However, in the case of SIMEPAR. there are modules whose loading procedure 1akes tme
and this s not mformed. In Agritempo the visualization of production maps can take 2
certain time and this is not nformed.

2.4.3 Preseniation of Information - IS0 9241-12

COrganization of Mmformaiion (recommendations for windows, areas, inputouipul area)
Windows" design should be consistent through the apphcation as a whole (12-3.3.4). The
SIMEPAR 1s the one thal seems to have more consistency regarding s windows, However.
it is imeresting 10 point out that the windows of a Web (IS application should allow the
visualization of maps. data and graphics: and many times it 5 necessary to moditv the
window standard. 1o allow a benter information visualization (in the case of the applications
pertinent 1o the “Map Generator™ category, illustrated by the Agrilempo, some regions
assume o standard similar w that of available eraphical software, allowmng direct
manipulation of available images). Another norm recommends that their title heading format
should be consistent ( 12-5.3.9). The three evaluated applications maintain the same window
heading throughout the application. [t would be expected that the headmgs would vary,
depending on the region where the user is at a given moment. The density of the shown
information should not be pereeived by the user as excessively disordered (12-5.4.2). 130
recommends that, if there i a lot of information. it should be divided into parts, through the
use of the scrollbar (12-5.3.2) for example. The three applications obey this norm.

(rganization of Information (groups). We have detected that the three evaluated
appheations organize information by grouping them (12-3.6.1). Conventions should be
used. e, information groups should be arranged in common formais (12-5.6.3). The
Agritempo uses conventions that have already been used in other web sites. as the button bar

21



positening, the heading bar. regions lor news, highlights, ctc. A good straicgy used by
FUNCEME was the availability of "mais™ links (*more™). to indicate that there is more
information available. In the same application. we notice that many links are noti in the
standard format, potentially making it difficult 1o identify them as links. It is necessary o go
over @ link with the mouse for it to be identified as such. The SIMEPAR uses dois and
brackeiz l_'l bk 1 ] | link2 ]} 1o separate mformation tems T!'.IB]-!’.:iTlE them factors of
accessibifiny.

Chegomization af Informaotion {rablesy The "visual scanning” should be laciliated. Le.. some
distinct characteristic should be offered 10 facilitate the visual scanning (12-5.8.4). There isa
map of Brazil in the Agritempo home-page 1o facilifate the access 1o information about the
states. FUNCEME home-page presents Céard State map, and links for the visualization of
satellite images. In the SIMEPAR. there are weather conditions, frost maps and icons which
represent the weather in the main citics in the state of Parana.

Coding Technigues. The number of used colors should not be more than 6. not counting
black and white (12-7.5.5). None of the three applications obey this norm: all of them use
more than six colors, especially when highlighting information on the map. FLUINCEME and
SIMEPAR use color in some maps 10 encode meaning: this does not accur in the Agritempo.
Thus, FUNCEME and SIMEPAR do not consider the norm where colors should not be used
as the only way of encoding meaming (12-7.5.1) To fulfill this norm, these applications
would have to use, bevond the color. another element of meaning in the comext. for
example. svmbols. All three applications use background colors that are not saturated. in thas
case, the white color (12-7.5.10). Tablke 6 illustrates the violation and agreement on norm 12-
7.5.1 for the SIMEPAR and Agritempo respectively.

Table & Violanon/Agreement examples of porm in which colors should not be used as the onby way
of encoding meaning (12-7.5.1)

P50 8241-12: Presentation of Information
Momm 12-7.5.1: colors as auxiliary codification - colors shoubd mever be used as the only megns of
codi fication

Borm Wiedation
Application: SIMEFAR




Norm

eenient

Application: Agritempo
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!LEIiEI’.G.Ii.mZ the climntic forecast maps in the SIMEPAR: the omby weayw that the user has to distinguish
Parana State map reghons is throogh onlors. In the Agrempi, the sov production of 5o Paulo State in
2001 is shown through colors and also the user can visualize descriptive data related to the map right
bottom window)

2.4.4 User Guidance - IS0 9241-13

Feedhack and Phrasing of User Guidance. One of the problems that can happen with Weh
GIS applications s the fact that the feedback can distract the user during his/her task course:
porm |3-7.2.2 recommends that this should be prevented. In FUNCEME. f the user s
executing some task and, by mistake slides the mouse over the option bar on top of the
screen. the cumently visible sub-clements of the menu is replaced by other clements.
hampering the users. This example violates nornm which recommends that phrases should be
available to enhance the user’s control perception (13-5.3.2) In & way (o be in agreement
with this norm. FUNCEME Web GIS application would have 1o allow the user. how much
this passed with the cursor of mouse for on the map image, 10 receive specilic descriptive
information from each one of the locations of the map. through text boxes, When the
Agritempo user slides the mouse over produciion maps, a message 13 shown (hints).
describing how 1o use the system. Table 7 illustirates norm | 3-5.3.2 violaton and agreement
examples. for FUNCEME and Agritempo respectively.

Table 7. Violation/ Agreement examples of norm where phrases should be available 10 enhance the

user's control perception (13-5.3.2)

LY aE R

_ Doe 13-5.3.0 phrases 1o enbance the user™s control parception
i
Application: FUNCEME




[ E a
£ 5 -

an Tt ion about the pessibality of eliching on the map. In the Sio Paule Sute map for the soy
production w 2001, the Agriempo guides the user in the use of the swaem. The message shown in the
posmited ot pegron bs “elbgue no mapa parn execuiae o lungho realgada em mmﬂuuhﬂ;ﬁ_
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2.4.5 Menu Dialogues — IS0 9241-14

Menu Struciure (structuring inio tevels amed menus), The menu options should be armanped
according o conventions or grouped (14-3.1). The three appheations violated this norm, In
Agritempo’'s case, there are three menu nems called "zoneamento tabela”. "zoneamento
grafice” and "oneamento mapas”: a menu lem could be created called "soneamento”.
linking the visualization forms through "tabelas”, "graficos” and "mapas™, Similar problems
accur with FUNCEME and SIMPEPAR. FUNCEME presents two different menus: “solo”
tin one} and "umidade do solo” {in another) option. In the case of SIMEPAR. " Temperatura
Maxima" amd "Temperatura Minima" menus could be one menu " Temperatura”, with the
sub-menus "Maxima® and “Minima”,

The options inside the menus should be arranged in groups of four to eighi options per level
(14-3.1.3), None of the applications have obeved this norm, In Agritempo, we had cases ol
nine items in o menu and ten in another; in FUNCEME, we had ten itlems in @ menu,
Agritempo also vielated this norm by the inferior linut {menus with two and three ilems).

Menu Structire (veguencing of options within groups) and Menu Nevigation. 1 a task
execution order is known, the menu should be arranged in the same order (14-5.3.3). Mone
of the evaluated applications have considered this norm Few applications in the web
comsider this norm. exception made for banks and e-commerce web sites. There should be
menu maps. 1o present the menu structure 1o the user (14-6.1.5), The only application that
considers this porm is Agritempoe. which provides a menu map on a hyperbolic tree
structure. In a way to that the FUNCEME and SIMEFPAR applications also topk care of 1o
this nerm. it would have 10 do availabe i the application web site, a site map. or element of
similar function. Table & shows violation and agreement examples of norm 14-6.1.5. lor
SIMEPAR and Agritempo respectively.

Table 8. Violation' Agreement examples of noom in there should be menu maps, 10 present the menu

structiwre to the user { 14-6.1.5)

150 5241-14: Menu Dialogues ) e v
MNorm [4-6,1.5: a menu map should clearly represent the menous” system structure and should be
available uhlr:nnmzjm}-

s e
Application: SIMEPAR
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Justification: SIMEPAR does not provide a menu structure map of the web site. while Agritempo
provides a hyperbolic tree o represent the menu structure of the web site.




Menu Navigation and Presentation. As favorable factors all evaluated Web GIS applications
allow the user to navigate 1o nnother part of the web site. without the necessity of returning
to the home-page. This 15 due to the existence of visible dialogue menus. This obeys the
norm that recommends that the return to the initial menu should be simple and consistent Iy
provided (14-6.2.3), In FUNCEME and SIMEPAR. the initial menus are always visible: in
Agritempo. the user only needs to access the home-page. The menu options should be placed
m an aréa that does not overshadow the user’s interest arca (14-8.1.23. All the applications
have considered this norm. since the menus are placed m surrounding regions of the content.

The menus and sub-menus headings should be shor (14-8.1.7). None of the applications
comsider this norm (the 150 does nol specify the amoum of characters that 8 menu element
should have). None of the applications provide shorteut kevs 1o access menu items; therefore
norm 14-B.24 iz not obeved. This does nol seem o be a characteristic of peneral
applications on the weh,

246 Discussion

Apparently. the evaluated applications strongly violate norm 9241-10. which deals with
diskorgue principles, This suggests that these applications have deficiencies in factors related
o task execution amd controllability, These applications do not consider different user
profiles. nether do they support technigues 1o facilitate learning and appropriate feedback is
not provided, Resources that could be available include: task dependent help and learning by
showing examples,

mome of the pages of the FUNCEME have high information density, measured by the
amount af available information groups (12-5.4.2), The SIMEFPAR seems to organize the
mformation through the use of top and left navigation bars,

Some norms seem not 19 be fit of form adjusted in the context of Web GIS applications. for
example. 3.4.4 norm. pertaining to 10 pant of |50 9241; Dialogue Principles. This norm says
that should be possible to the user to undo at beast the last one interaction during the task
execution. Perhaps as the majority of available Web GIS applications it only makes possible
the query of peo-referenced data. this norm was net completely applicable. The only
cotegory of Web GIS applications that allows to save data 1= the Real-Time Map Browsers
category { Schimiguel et al.. 2004a), however, the applications of this calegory are related 1o
the closed and proprietors applications. Possibly, this nomm was applicable in this category.
for the case of the user 1o wanl 1o return 1o the previous stale ul'dula.-'nmps. I this research



worh. we are more particularly worned about the Map Generator category. that possesss
more interactive possibilities, in relation o the other categones of applications (Schimiguel
et al., 200da) and ik available in the web for access to anv user,

Another factor that contributes 0 the mplementation of Web GIS applications is the use of
platform standards and conventions. We have noticed that the evaluated applications, try 1o
adopt this practice in some page regions, by using standard scons (help. home-page. ¢-mail)
or already stipulated information grouping (highlights, news ), but this is not widely adopted.

Imporant norms were completely considered by the applications: for example. the
passibility of visualizing information with different representations. since GIS applications
allow information visualizanon through maps, graphics. tables formais, ete.. Furthermore.
application windows that have s similar organization have similar appearance. facilitating
the use of the system.

It seems that Web GIS applications interfaces still do not present a convenienl menu
structure. They presume that all users have a mouse installed: interactions are not possible
by using kevboards. The only way of accessing the menus of the evaluated applications with
the kevboard is through the Tab kev, pressing it successively If 2 user wants 1o access a
ment located at the botiom of the sereen. be would have 1o pass through all the clements
{menus. images. links) until he gets 1o his'her destination. Sull. using the Tab key, when we
po through the menu elements and arrive at its end. the selection mark (focus) does not
retiarn 1o the first menu item, but it continues to the following interface elements. This is a
violation of norms menus m ecolumns [(14-7.4.1) and menu in lines (14-7.4.2), that
recommend that when navigating through the items of a menu and arriving at the last option.
the return to the first option should be allowed and vice-versa.

2.5 Conclusion

This paper inspected the quality of the interface of these Web GIS applications regarding
four aspects of 150 9241 porms. This kind of analysis has shown usefulness and should be
adopted by application designers, o help them finding ouwt potential problems in user
interaction. Our analyvsis detected thai Agritempe scems 1o vielate a larger amount of norms.
when compared to the other two applications. This fact can be explained by the fact thal i
belongs w the "Map Generator” category (Schimiguel et al.. 2004a). which provides more
interaction elements, in relation to the "Static Maps Server® category applications.



GIS interface quality studies have mostly discussed resulis of tests with users. Little has
been dome in evaluating GIS user interfaces by inspection. Our inspection procedure
imvolved 150 9241 which is characlerized as an important tool for those who would like to
sgarch certification for thewr products. Besides less expensive than tests with users. literature
has also shown that results found with mspection appreaches could complement results from
user testing.

I'he vse of some parts of the standard 150 924 1. for the interface inspection ofthe Web GIS
apphications was effective, given the countless captured aspects (positive and negative).
However, we have verified that the interface evaluation of web applications in gencral.
needs some addiional criteria and rules.

We acknowledge the necessity of adapting and extending these norms to consider other
relevant aspects in the Web GIS applications such a8 semantic zoom, pan. animation in
miaps, query in descriptive information related 1o the maps, ete.. and we are now developing
rescarch work in this direction,
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Capitulo

Accessibility as a Quality
Requirement: Geographic
Information Systems on the Web

3.1 Introduction

The Internet has facilitated access and information sharing in a worldwide scale. starting
with the hypermedia- a combination of multimedia (texts, sound. videos, cartoons, etc.) and
hypertexts (links in a contextual form that allow access to other resources, to organize and to
structure information). They can be used to create interfaces that facilitate interaction
between users and system functionality.

Geographic Information Systems (GIS) are software aimed at the manipulation.
management and visualization of geo-referenced data. The term geo-referenced indicates
data that are explicitly linked to geographic coordinates. Geographic data are defined from
two components: position (location on Earth) and non-spatial attributes (descriptive
characteristics). For example. a land has non-spatial attributes. such as the name of the
owner or purchase value.

The use of GIS from the Web has increased in what we call the WebGIS. The WebGIS
application is a system that makes geographic information available on the Web through
geographic representations and often allows map interaction. as zoom. pan (movement).
access to descriptive information related to maps etc.. Examples of Web GIS application



include those available in the Agritempo sire (Embrapa, 20041 and in the FUNCEME sfie —
Ceara’s Weather Forecast Foundation and Hydric Resources (Funceme, 20043, both refated
to the agriculture domain.  presenting also weather forecast information, agriculture
production in different regions, ew.. Mapquest (Mapguest, 2005) and Apomador
i Apomador. 2005) are also other Web GIS application examples. but related to the urban
domain; they present information aboutl routes betwesn cities, commercial establishments.
hospitals close to a specific place, real time highway video images, elc..

In a wide sense. the interface is the part of a compumer system 1hat s perceived by the user,
through which he/she commumeates with the svstem to accomplish tasks n specilic
domains. It can be a motivation facter or it can be a decisive factor in the rejection of the
svsiem. An elficient systemn, considered by 1ts tunctional structure, should have an interface
that positively influences its quality m use. Quality in use is a factor relative to the user;
theréfore. the interface design demands more attention to the flexibility of the interaction
and the mformation access. 1e.. the accessibility as 3 way of attending the necessity of
different users. This necessity concerns information and interaction access. technologies
used (ex: web-browsers, hardware devices), the users” physical and cognitive characteristics
{ex: mobility, visual and audio acuity. information und#rstanding). the conditions ofterad by
the environment (space for approach and use, light and noise)

In the Web scenario, the differences between users are pronounced, due 1o the different
situations they have in using s applications. This factor needs to be examined in the
development of Web GIS applications, considering that the nature of geographic information
naturally valorizes the visual presentation of information. Offering aliernatives to this type
of representation means amplifying the geographic information, making it viable by
adeguate use of the hvpermedia and by the designers” orientation for the web-accessibility
standards.

In quality models that valonze guality in use. as IS0 14598-1 (IS0, 1996) and S0 9241
(5059241, 1997), no explicit anention has been given to accessibility. Our goal in this wark
is 1o present accessibility as an attribute of quality. which also has to be considered in the
interfaee design of Web GIS applications. We discuss the subject through a case study that
involves preliminary accessibility evaluation of gpplications from the Geographic
[nformation System domamn in the Web. selecied from Schimiguel er af (2004a).

This paper 15 organized in the following way: Section 1 presents a brief literature overview
on quality in the use of software and its relation w accessibility and accessibility in Web



GIS applications. Section 3 presents the case study discussing a preliminary accessibility
evaluation i Web OIS appbcations and ns man resulis. Section 4 presents the final
considerations regarding accessibility as a quality requirement for the Web GIS application.

3.2 Quality in Software Use and Accessibility

People with different mterests on a product have different views about quality concepts
{Cartes and Chiossi, 2001} and on how quality should be reached in the software production
process (Bevan, 1997, Bevan, |999). Most of these approaches are not related 10 quality
perceived by the user. which is considered to be an imirinszically imprecize judgment made
on the quality of a product (Bevan, 1997

However, some guality models lave also considered quality from the users” peint of view.
The 150 9126 (IS0, 2001) model. for example. wdentifies six characterstics for a soltware
product: functionality, reliability, usability. efficiency, mamtenance and portability. In this
maxdel. the usability characienstic is relsied (o the undersianding. leaming and operation
capabilities in the use of a software product. SO DIS 14598-1 (1SO. 1996) defines external
Quality as those related 1o the explicit and implicit necessities of a product when used under
specific conditions; it also defines Quality in use as effectiveness. efficiency and setisfaction
from which specific vsers can reach specific objectives in specific environments.

Thus. software guality can be understood from a set of attributes that a product must have so
that it complies with the users’ necessities. When developing a software product, the aim is
o reach the necessary and sufficient quality for each specific context of use, when the
product is delivered and really used (Bobby. 2003). For this reason it is necessary to identify
the necessary quality characteristics for a software product and specify 1o what extent these
characteristics need 1o be resched to satisfy the users™ needs,

In the Web, clarity and usability are features generally demanded by the users (Cormes e
Chiossi, 2001). Accessibility has been more and more undersinod as a necessary condition
o wsability; if a software is mot accessible it won't be considered effective, efficient or
pleasant lo someone (Dias, 2003).

Aiming al guaranteeing the usability in the design for the Web. Nielsen ( 1999) established
some basic principles that should be considered: clarity of the mformation architecture,
mavigation facility, simplicity, content relevance, consistency, time tolerance and focus on
users. This last one, which summarizes the formers. has a direct relation to accessibility.



characterized by flexibilitv that should be offered 1o the interaction and to the access of
available intormation i Web sites. Without this flexibility users with special needs (the
elderlv, people with disabilities, children, ete.) can have their access to the Web systems
disrupted. The usability of a Web application. therefore. depends on the accessibility factors,

Web GIS applications represent a challenge in terms of accessibility. Frequently these
applications use images ( maps) to show geographic information to the users. Another [eature
that can be highhghted is the use of coloms to code information transmitted in maps (to show
different values for temperature, vegetation, agricultural production, etc.). [f alternatives are
not offered 1o these representations, many users will have limited aceess 1o the gpeographic
information. Information shown in maps, for instance, can be made more flexible by the use
of descriptive texts. data tables and graphics that offer other equivalent information.

The use of textual descriptions 1s necessary for users of textual web-browser {ex. Lvnx),
users who are unable to carrv the imape in their web-browser, and screen reader users (ex
blind people, people with poor vision). These texiual descripuons can be offered by text
ahemative 1o mages (AL T attnbute tor images presented at HTML), but they are not alwiys
sufficient due to the information complexity usually presented in maps. This way. a
description corresponding to graplucal elements can add information 1o the map helping
regular users i interpreting the information offered.

Although data tables can be offered as aliernatives to maps and be useful 10 users who mas
have difficulties in distinguishing colors (e.g.. color blind users). they offer considerable
challenges to the linear presentation of information. Users of screen readers can not consider
the miormation presented on the maps if they do not have alternative representations.
Another form of presenting geographic information is by graphics (to illustrate temperature
change m the last lew months, o illustrate min distribution). These should also be
complemented by textual descniptions making the information accessible to users who
cannot visually interpret them.

The use of colors as the only element of meaning mn graphics has been criticized in the [50
norms (ISO9241, 1997), in the W3C accessibility recommendations (Apontador, 2005) and
also in literature on information visualization (Tufte. 1983: Tufte. 1990): there are users
unable to access information which are exclusively based on the use of colors for
inlerpretation. In the use of Web GIS applications, color 15 frequently used as the only
glement of meaning as for instance. in the subtitle resource to associate information to the
map. This apparent incongruousness in terms of information representation in the Web GIS



applications and the accessibility recommendations from W3C [22 motivated us in the case
study that was conducted in this work].

3.3 Case Study

To accomplish this case study. we used three Web GIS applications. whose content is related
to weather forecast, and other information required for agriculture: Embrapa’s Agritempo
(Embrapa. 2004). FUNCEME (Funceme, 2004) and SIMEPAR (Simepar, 2004). The choice
of these three applications is a result from a previous work (Schimiguel et al.. 2004a). which
verified interaction aspects in these systems. In that work. the “Static Map Server’ category
had a higher quantity of identified applications. influencing the choice of two applications
for this analysis: FUNCEME and SIMEPAR. FUNCEME is the application that presented
more interactive possibilities, while SIMEPAR presented more content elements. One of the
applications belongs to the Brazilian Northeast Region (FUNCEME). and the other to the
South Region (SIMEPAR). Embrapa’s (Agritempo) Web GIS belongs to the *Map
Generator’ class. offering more interactive possibilities in relation to the ‘Static Map
Server’. This Web GIS application was developed for the context of the Federal
Government.

Thus, this case study aims at investigating accessibility as a quality attribute. considering
systems that offer different levels of interaction for their users.

3.3.1 Methods and Procedures

Melo er al. (2004). presenting a Web accessibility evaluation case carried out with the
participation of a blind user. mention different methods that can help the Web accessibility
evaluation: (1) the use of graphic and text web-browsers; (2) automatic markup languages
validation: (3) accessibility verification with semi-automatic tools: (4) evaluation with users
with different abilities and/or disabilities. These methods have been used together as a tool
in the preliminary Web sites accessibility evaluation and in evaluation of conformity with
accessibility recommendations of the W3C (World Wide Web Consortium) (W3C, 2005a)

To preliminarily investigate the accessibility of the chosen Web GIS applications, methods
(1) and (3) were used, once they are easy to use and offer the possibility to promptly identify
aspects that directly interfere with the users’ interaction. The use of different web-browsing
configurations is one of the methods suggested by the W3C (W3C, 2005a). to identify issues
that interfere directly in the interaction and the accessibility to information: presentation of
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eguivalent information through different channels (ex. image, sound and text), flexibility in
the content presentation. as well as access 1o the Web page interaction elements (e.z.. links
and forms elements). Table 9, describes the way we used the web-browsers, following the

orientation given by W3C ( W3C, 20035a).

Table 9. Use of web-browsers in web-aceessibility evaluation

 Webh-Browser | Use/Ohse rvation
Internet Explorer 6.0 (LE. 6.0) A) Images wrned off

Bj Sound turned off

C) Different font sizes

5]} Window resized to less than maximum

Ej Pages viewed in gray scale

Fi Use of TAB kev to access links and form

o elements
Lynx2.8.5 Ad Equivalent information availability
Bl Linearization of information

The service at Bobby portal (Bobby, 2005). suggested by W3C (W3C. 20035a) for the semi-
automatic accessibility verification. generated, for each evaluated page, a report identifving
the recommendation of the document " Webh Comtert Aceessibility Guidelines 107 (W3C,
2005k} and also suggesting verifications that should be done m.umﬂlly. In comphance with
the recommendation from W3C (W3C, 2005b) this tool organizes the report items in
different priority levels: 1. 2 and 3. Table 10. summarizes the meaning given to these
priorties.
Table L. W3C Priorty for Web content accessibility

Priority Meaning

Priority | |t concerns the basic requirements so that determined groups of users can
access available documents in the Web. Ex: Supply alternative text to all
, images.

| Priority 2 | Refers to what should be satisfied as a way of promoting the removal of
significant barriers in the access 1o Web documents. Example: Using
relaiive dimensioning and positioning ( percentage values) instead of

- absolute values (in pixels).
| Priority 3 | It concerns what may be satisfied for improving the access to Web
documents. Example: Identifving the language of the text.




The evaluated pages were those belonging o the execution sieps necessary to compleie the
task of verifving the weather forecast, e we evaluated the “accessibility of pages which
takes the user to the weather forecast™ In FUNCEME case. the Ceard state weather forecast
was verilied: in SIMEPAR. the forecast for the state of Parand; and in Agritempo. the
forecast for the Sdo Paulo State. The evaluation was done on 02.03.2005 for FUNCEME.
04,032, 2005 for SIMEPAR and the 21.02.2005 for Agritempo

3.3.2 Preliminary Results

From the verification using web-browser Internet Explorer 6.0, we highlight the following

A) Mop-pctivated lmages; These applications do not offer, for the evalumed pages,
aliernarive 1exts o most of the images shown, including map images and graphics. Although
it 15 not a rule, FUNCEME portal offers comments that complement the given informanon in
some of the maps: the same happens 1o the SIMEPAR portal Figure 1, shows a few
evaluaied pages with activated and non-activared images. respectively
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(c) {e’)

Figure 1. Sample of Web GIS apphcations papges at FUINCEME (a ¢ a™), at SIMEPAR (he
b hand &t Agriiempo (© e ) with activated and non-activaied imaoes

B} Non-activated sound: there is no information. as the verified pages do not have sound

TESOUrCEs

C') Considering font size varation: Crenerally all the texts presented by FUNCEME portal
are amplified when using the resource offered by the web-browser for font increase and
reduction. [n the SIMEPAR portal. only the text presented at the top of the imeractive menu
increased, [n Agriempo only one of the titles over one of the maps had its text increased in
size. It 15 also common in these applications the use of images to ¢onvey informative
content. Thus, besides their information being inaccessible 1o some of the users they are not
increased by the Internst Explorer 6.0 web-browser. In Figure 2. an example of the text
increase for the Web GIS application from FUNCEME is available.
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Figure 1. Sample of Web GIS appheation a1 FUNCEME. where the page appears with n

normal text size (a) and with a bigger text size (a’)

D) Redimensioned windows: None of the

evalusied pages, even those showing narrower

images than the minimized window size. had their content adapied o diflerent dimensions

of the web-browser window. Conzequenth
smaller sizes, the pages staried 0 demand

e we redmensioned the window sire 1o

the use of horizomal scrolling 1o sccess their

coment. Figure 3 shows the main pages of each Web GIS evaluated spphcation
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. 51}
Figure 3. Web GIS application main pages for FUNCEME {a), SIMEPAR (b) and

Agritempe (¢} visualized with the size of the IE &0 web-browser window redeced

horzomtally

E) Pages cxhibited in gray seale: Generally, most of the evaluated pages showed contrast in
the presentation of the textual mformation, except for Agritempo’s main page, as shown m
Figure 4. where il is easy o perceive the absence of the contrast between the highlighied
text and the white background of the page. We noticed the absence of contrast in the map
and in the subtitles shown in FUNCEME and Agritempo’s Web GIS applications — both
convey information by the use of differeni colors We could perceive that a SIMEPAR’s
map present both piclorial and textual information. in the presentation of their information
These resources complement the information offered in the maps via color but they also
have to be supported by the text format description. in such a way the relevant information
cen be interpreted by devices soch as screen readers. Samples of maps evaluated in the
pages are presented in Figure 5.
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F) The use of the TAB keyv: Among evaluated pages. those from Agritempo had their links
and form elements all reachable by TAB key. Le.. they do not demand the use of the mouse
for access, With FUNCEME s application main page, the access options to the portal, are
reachable only by using the mouse, differently from other pages. where the links and form
elements are all reachable using the TAB key. SIMEPAR s portal pages present few of its
links reachable only by using the mouse, such as those offered n its menu, present in the
main page and in other portal internal pages. Some of the links of the left menu, offered n
the imternal pages of SIMEPAR ponal. are activated by using only the mouse. Figure 6.
points 1o links in the SIMEPAR apphications that can not be activated by using the TAB
key.

= m- il e ATl -] - EREL FL - TI N Y

L T —_— -y T iy i = . e | il ]|

Figure 6. Main page for the SIMEPAR portal (a) and page on monitoring and forecast

From rhe verification carvied owt with the fexmual web-browser Lymx. we highlight the
following:

A} Availability of equivalent information: The evaluated pages of FUNCEME Web GIS
application do nol present equivalent information (o the portion of the image-map (e.g.
main page that offers site navigation options), to its portal access and to the geographical
maps presented in the path covered to complete the task of verifying the weather forecast
tor the state of Ceara. Moreover, this application does not offer textual deseniptions to help
in the identification of the frames nsed tn the orpanization of s pages. In presenting the
weather forecast, it offers textual information, complementing what 15 given by the map. A
usual problem of this application is the absence of alternative texts to the images or more
detailed descriptions of the information presented in these images. when necessary




[he SIMEPAR Web GIS does not offer alternative texi to most of its images and its 1op
menu i3 not available for the users of textual browser like Lynx. Though it offers more
complementary information in texts than what is presented using maps, it is also common
m this application the use of texis conveyed by images without aliemative texts. This
application as well as FUNCEME, uses frames to organize the preseniation of its weh-
pages with no textual description. difficulting their dentification.

The Web GIS application from the Agritempo portal generally presents the same problems
as the later applications. This application specially offers many more maps than the
previous. without presenting any tvpe of textual information that could help some users to
understand what 15 presented in the maps.

B) Sequel information presentation: In the FUNCEME Web GIS application, the linear

nformation presentation suffers imerference from the absence of the allernative texis 1o the
images, as well as the use of map images and frames without eguivalem textual
information. It is noticeable the structure absence in the presentation of the information
when linear. As for the SIMEPAR Web GIS having a quantity of images without
alternative text, the sequential presentation of the information 15 also harmed. In the same
way as the previous ones, the Web GIS application of the Agritempo ponal has the
linearization of its information harmed by the use of images withow sdeguate ahemative
texis

From the use of Bobby service (Bobhy, 2003) of semimutomaric accessibility verificarion,
we summarized in Tables 11, 12 and 13, next, the result for the accessibility problems tha
were idemtified automatically. The Tables orgamize the guantified data in the following
way: for each evaluated page from Agritempo Web GIS, FUNCEME and SIMEPAR. the
number of accessibility problems is grouped by priority level.

Table 11. Problems quamtified by using Bobby for FLINCEME s spplication

Page | Page 2 Page 2° Page 3 Total
 Prioriny 1 13 2 g 12 . 38
Priority2 | 31 2 _136 | e | ¥y |
Priority 3 10 1 | 13 |19 | 4
o~ | & | & | 66 | o8 | 308 |

43



Table 12. Problems quantified by using for SIMEPAR s application

Pagel | Pape2 Total |
Priority | B 19 2 |
Priority 2 3 | 25 | B
Proriy3 [ 25 [ 15 1
Total | 94 39 153

Table 13, Problems quantified by using the Bobby for Agritempo’s application

o _:__Iia_g 1 | Page2 Page3l  Paged Paged | Total
2

Priority 1 68 | E3 2 10 651 824
Priority 2 69 | &0 | 4 | 662 | B3
Prioriny 3 | 33 15 ] 33 3 R
| Total 170 19K 4 &3 1317 | 1772

The data on Tables 11, 12 and 13 show higher occummence of problems regarding priority 2
in the three evaluated applications. A problem in priority 2, shown in the three applications,
15 the use of sbsolute values in the dimensioning of the table eclumns and the size of the
font used, & fact that directly influences the flexibility of the information presentation in
different screen resolutions. Considering all the pages evaluated. page 27 (presented by
page 2's frame) in the FLINCEME application had the higher number of priority 2 faubs:
1 36 were counted. 26% referecing to the use of absoluie values for dimensioning the table
calumns.

Concemning the recommendation for priority 1. the Web GIS applications presented a
meaningful quaniity of problems in their homepages. FUNCEME and SIMEPAR presented
higher quantity of problems. In Tables 3 and 5. it is possible to observe thal page 2 from
FUNCEME and page 3 from Agritempo present a reduced quantity of accessibility
problems reported by the Bobby system. These reduced numbers, however. do not indicate
a more careful design of these pages. once they are not visible to the user, but they organize
frame sets for content. Le.. they structure the presentation of other pages (page 27 in the
FUNCEME applicetion and page 3° in the Agritempo apphcation).

The Agritempo’s Web GIS application is the one that presented the highest number of
errors, in the three levels of priority. once s last page exhibits a geographic map which is
an image map (term used in the HTML page editing to identify an image whose pars have
scmantic and/or specific functions). Each portion of this image map refers to a ¢y mn the
seographic map, where access Lo information on the local weather, latitude and longitude,
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depend on g good visual acuity and the use of the mouse. The highest values for prionty |
and 2 from Agritempo, 652 and 662 refer to the absence of alternative text for each portion
of the image map snd to the fact that the access to the information propagated by this image
map is restricted to the mouse. The akernative text for each portion, besides informing the
name of the city. iis latitude and longiude, should alse offer informanion about the weather
torecast from the city it refers 1o, by using colors. In a certain way, in its homepage,
Agritempo presenis a technical solution to solve this question by offering, in the image
map. an index for geographic information referring to each Brazilian state,

3.3.3 Discussion

From the preliminary evaluation. it can be noticed that the questions relative (o accessibility
have been neglected regarding the representation of the geographic information as well as
the page structuring and information distnibution in general

As we look at Table 14. which synthesizes the resulls presented in the last section, it is
possible 1o see that the dentified accessibility problems are, i general, recurrent in the
three evaluated apphcations.

Table 14. Summary of Preliminery Results

FUNCEME SIMEPAR Agritempo
tilernet | A Bongsi -LfsquI;.- without -Ls.-uall_g. without -[:15uallz-
alternative texi allernative texl without
sl T alternative text
6.0 B} Sound ~Not applicable  |-Net applicable -Not
turned off _ applicable
- -Usually i changes |- Usually it doesn't  |-Usually n
Eﬂ?ﬁtm - Text wrilten in change doesn’t change
s image - Text written in -Text written
= image in image
D) Windows -Hnrifmn.tal - Hornrontal scrolling | - Hrgirli_z-nmﬂ
resized 1o less saling b
than
YR X TFRLLATE
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E) Pages -Good contrast in - |- Good contrast in the | - Good contrast
T the tex1 exhibition | 1ext exhibition in the 1ext
viewed in - Alternative 1o - Alternative to color | exhibition
gray scale color in some maps |in some maps - Few contrast
- Few contrast in N Maps
maps exhibition exhibition
=Portion of the
1ext in main
page with few
contrast to its
hackground
F) Use of ._IHH'EE_“}E? options | - Some links . -Links and
TAB key in the main page are | reachable only using | formulary
; unreachable mnuse elements are
reachable
Lyax A) Equivalery |~Absenceof -Absence of - Absence of
S : aliemative text in aliemative text in altermative text
mﬁ:’_mwflfnn general (images and | genernl (images and | in general
availability frames) frames) (images and
- Unavailable - Unavailable frames)
interaction elements | interaction elements | - U'navailable
interaction
elements
- Prezonts more
maps without
equivalents
information
B) - Smm - Stmmu:i:' " -Smstd
B compromised compromised because [co mit
Linearization | 20 0 ot the i ol il Nosoiigie 18
of absence of aliernative text 1o absence of
mformation  |aliernative text o |images alteranative 10
images the images
Bobby Prioritv] 38 42 224
Priority 2 223 73 853
Prioriiy 3 45 38 95
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The three applications do not offer systematically alternative 1exis o the mmages, which
also inelude graphics and geographic maps. bat also other interface elements which convey
navigation options, as in the case of the image maps presented in the mam FUNCEME's

homepage.

Of the three evaluated applications the only one that has the possibility of changing its font
size 15 FUNCEME s portal. The use of texis in images is commeon to the three applications.
This type of text, differently from the allernative text, can not be interpreted by screen
readers. nor increased by some web-browsers, who are still unable to amplify images,

The three applications do not enable the content of their pages to be adapied to different
web-browser window sizes. ve.. they do not present the Bexibiliy that would be necessary

0 be accessed from different video resolutions or even different devices.

Crenerallv. even though they present adeguate contrast in the exhibition of their lexis. the
evaluated applications need to consider carefully the use of colors to represent their
information in maps. graphics and subtitles. Colored blind and low vision users. or those
whio access information through black and white prnted material, can have difficulsy
identifying associated information; color should not be used as an indispensable element 1o
the interpretation of information transmitted n maps.

Reparding the evaluated applications. only Agritempo did not present any barriers 10 access
its links and forms by using the TAB kev. Fmally, the offer of equivalent information and
adcquate structure for the content, so that it can be accessed by different web-browsers (not
only graphic) and devices {screen readers and palmiops) need to observed by the three

evaluated applications.

Through the use of the Bobby svstem, we could observe that the quantity of identified
errors in the Web GIS fiom Agritempo was guile meaningful; being the highest of the
priority three levels, The three evalusted applications had an expressive number of
problems regarding the prionty 2 levels,

3.4 Conclusion

Interface design has demanded more and more attention 1o the mieraction flexibility for
information access. In the case of Geographic Information Svstem applications in the Web.
the accessibility has become more important, due o the extremely visual features of the
current applications. strongly restricting their use 1o people who have some type of visual
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impairment (¢olored blind, reduced eve sight, blindness, ete.). issues regarding the
accessibility to Web GIS applications present a challenge to the representation of
geopraphic information, reflected in the homepages’ structure. as well as in the conveying
fnformation per se.

This accessibility inspection, understood as a quality factor for the Web GIS applications,
allowed vs 10 show that some basic tasks such ag verifeing the weather forecast of a town
or a region. are not reachable for wsers with special needs or restricted capacities, This fact
wis pbserved in the three evaluated applications. [t is important o highlight that one of the
considered applications belongs to the Brarilisn Federal Government which showld
supposedly offer access to information to a wide variety of user situations. Morcover, the
evaluated Web GIS applications do not seem to consider the guidelines defined by current
recommendations such ag SO, WA, efe; they use map images and colors as the only
element of meaning, to represent information essemtial to the geographic information
understanding, By observing the preliminary results of the Web GIS applications evaluated.
we see that a loi of work should be done towards enabling the access of geographic
information to a pontion of the population who currenily does not have it.

The quality of wse of a Web GIS application, quality understood as fitness for use. I8
directly related to the wawvs of presentation and representation of the geographic
information to the user. The access 1o this infermanion should not be resiricied 1w a map or
graphic image visualization: other anifacts should be available 1o reach a more diversified
calegory of users. Future work 5 being done regarding specificnies of the geographic
domain and their implhcations for the design and evaluation of this category of mformation
SVSIEML
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Capitulo

Usabilidade de Aplicacoes SIG Web
na Perspectiva do Usuario: um
Estudo de Caso

4.1 Introducao

O avango da Tecnoclogia de Informagdo (T1), o recursos dos gramas voltados pera o
contexto de SIG (Sistemas de Informecdo Geografica) ¢ o disseminagdoe da Inmtermet no
cotidiano possibilitaram a interagdo com mapas na Intermet. U'm mapa denota. para wsuirios
S1G Web, a possibilidade de interagir com o sistema e o5 dados peogrificos subjacentes, via
interfaces de usudrio. Dessa manecira, um usudrio leigo na drea de geoprocessamento pode
usufruir destes beneficios tecnologicos com o uso puro ¢ simples de seu browser padrio
{visuafizador Web). Esta é uma revoligio na maneira de divulgar e selecionar a informagiio
veoreferenciada, que poderd democratizar o acesso dos interessados a esta tecnologia
(Grisweh, 2006)

Neste contexto. definimos um SIG Web como um sistéma que pode permitir a visualizacio e
consulta a dados geogrdficos atraviés da Web, de acorde com dois conceitos: 531G Web
propriamente dito e Aplicagdes SIG Web. Um 51G Web € um sistema de software (comercial
ou academico) que permite a criagdo de Aplicacdes SIG Web. Uma Aplicagio S1G Web tem
por caracteristica permitir disponibilizar visualizaghes de informagio geoprifica, podendo
passibbitar alguns tipos de intéragio com mapas, como Zeom. pan, ou consulias diversas,
Fssas mteragies sio realizadas podendo, on ndo existir a ligagdo da Aplicacdo SIG Web com



um sistema SIG Web e/ou um banco de dados geogrifico em algum servidor SIG. Isto ocorre
porgue em algumas categonas de Aplicacdes SIG Web, as imagens de mapas sio capturadas
de sistemas 51G Web e simplesmente colocadas na aplicagdo S1G Web (por exemplo, como
arquivos jpeg ¢ usando comandos de linguagens comoe o HTML - Hiperiext Markup
Language), configurando-s¢ uma estrutura estitica para essas imagens. Como exemplos de
S1G Web, pode-se eitar o MapObjects (MapUOhbjects, 2006) ¢ o Maplnfo { Maplnfo, 2006); ¢
como Aplicagdes SIG Web, o sistema Agritempo desenvolvide pela Embrapa e pelo
CEPAGRITINICAMP ( Embrapa, 2004) e 0 da FUNCEME (Funceme, 2004).

Segundo Oliveira (Olivera, 1997), as aplicagdes usualmente desenvolvidas em SIG definem
requisitos de informacdo que permitem classifica-las em trés categormas: urbamis. ambientais ¢
gerenciais. As aplicagbes urbanas s8o vohadas para aspectos de infre-estrutura wrbana e
conirole populacional. como geréncia de redes (epergia. felecomunicagdes. fmnspories) e
distribusgdo  de servigos pablicos. As aplicagdes ambientais sio voltadas para o
aproveitamento ¢ conservacio de recursos naturais, como a modelagem da natureza (estudos
climdticos, controle de agentes poluidores. andlise de processos de desertificaciol. As
aplicagbes gerenciais envolvem informagdes qualitativas sobre aplicagies ambientais ¢
urbanas. O objetivo desta terceira categoria é apoiar a formulacdo e o acompanhamento de
politicas de desenvolvimento urbano e de u=o de recursos naturais, Os sistemas voltados para
a agriculivra, foco deste trabalho. enquadram-se normalmente na categoria de aplicagdes
ambientais.

() mteresse por aplicagdes S1G na Web vem aumentando bastante nos ultimos anos.
Especialmente no conlexto agricola, estas aplicagdes representam um ferramental util para
pessoas que csiclam cnvolvidas direta ou indiretamenic em plancjomento € exploragdo
agricola. No Brasil, pais em gue o agro-negociod vem crescendo e adguirindo enorme
impotincia no PIB (Produto Intemo Produto), o estudo destas aplicagbes adquire. inclusive,
relevdncia econdmica. O uso dessas aplicaches por agricultores e por profissionais que fomam
decisiies nessa area podera ser uma solugdo de acesso simples e rapido, atraves da Web. e de
baixo custo. Entretanto, o acesso 8 informacic em tais aplicagdes SIG na Web ¢ dependente
dos recursos de mteragio possibilitados por suas interfaces de usudrio. O desafio dessas
interfaces ¢ prande. dada a diversidade de usudrios que podem bencliciar-se dessas
aplicagdes.

Virios autores desenvolveram trabalhos investigando ¢ promovendo aspecios de usabilidade
em SIGs envolvendo usuarios finais. Strothotte et al. (1996) realizaram testes de usabibidade

para informar o design e avaliagio de uma aplicagio SIG cujo obetivo era promover a



mobilidade independente para pessoas idosas ou cegas. Bernardo e Hipolito (2000) realizaram
testes de usabilidade Web sobre a interface do sistema SNIG — National System for
Geographical Information. para adequa-lo a usuarios especialistas e ndo especialistas. Hiele et
al. (2003) estudaram o contexto de uso. projetaram a interface de usuario e realizaram
avaliacdo de usabilidade de prototipo de uma ferramenta SIG Web orientada para fazendeiros
holandeses. Luna et al. (2005) executaram tesles com usuarios para um sistema de
aprendizado baseado na web cujo objetivo era introduzir a area de SIG para estudantes de
Engenharia Civil.

Dada a relevancia estratégica de tais sistemas e aplicagdes e considerando a diversidade de
seus usudrios prospectivos através da Internel. torna-se importante investigar aspectos de
interagdo possibilitados pelas interfaces de tais sistemas. Os objetivos deste trabalho
envolvem: (i) apresentar o conceito de usabilidade como elemento fundamental na avaliagao
da qualidade de interfaces de aplicagdes SIG Web: (ii) realizar um estudo de caso de teste de
usabilidade com usudrios reais. para um conjunto de aplicacdes SIG Web levantadas: e (iii)
indicar 'ligdes aprendidas’ para o design e avalia¢do de interfaces de aplicagdes SIG Web.

O artigo esta organizado da seguinte forma: a secdo 2 discute o conceito de usabilidade e a
abordagem do “discount usability engineering ", que é tomada como referencial metodologico
do trabalho. A secdo 3 descreve a metodologia utilizada e discute resultados do estudo de
caso. Na seqiiéncia. relatamos as contribui¢des e conclusdes do trabalho.

4.2 Avaliagao de Usabilidade e o Teste Economico de Uso

Provavelmente. a defini¢do de usabilidade mais conhecida ¢ a de Nielsen (1993): usabilidade
esta relacionada ao aprendizado. eficiéncia, na realizagfio da tarefa de memorizacao.
minimiza¢do de erros e satisfagdo subjetiva do usuario. Entretanto. a defini¢do formal de
usabilidade da I1SO 9241-11 (Guidance on Usability) (ISO9241. 1997), utilizada na industria,
¢ dada por: - "the extent to which a product can be used by specified users to achieve specified
goals with effectiveness, efficiency and satisfaction in a specified context of use".

A avalia¢do de usabilidade pode ser realizada por inspeg¢do de usabilidade e/ou teste com
usuarios. A inspe¢do ¢ um conjunto de métodos que faz uso de avaliadores para inspecionar
aspectos relacionados a usabilidade de uma interface de usuario. Os avaliadores devem ser
especialistas em usabilidade. consultores etc.. A inspe¢do visa encontrar problemas de
usabilidade em um design de interface de usuario e fazer recomenda¢des no sentido de
eliminar os problemas e melhorar a usabilidade do produto. As inspe¢des podem ser feitas em
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um estigio onde a interface esta sendo gerada ¢ sua usabilidade necessita ser avaliada (Rocha
¢ Baranauskas. 2003), O teste de usabilidade & uma técnica de avaliacio de interfaces
humano-computador que esta relacionada @ execugio de tarcfas representativas, em um
sisiema de software, com a participagdo de usuanos polenciass.

s méodos para teste de usabilidade 1ém sido desenvolvidos e refinados hd muitos anos.
Bamum (2002} faz uma distingdo entre testes formais, conduridos usando-se o método
experimenial para prover ou descartar hipoteses ¢ tesies menos formais, usados para descobrir
e cormgir problemas de usabilidade com um produto. Os métodos formais requerem um
numero maior de parficipantes, um cuidado na comstrugio e implementagio dos tesies e
andlise estatistica para se chegar 4 validade ¢ confiabilidade dos resultados. O custo
percebido ¢ a complexidade para usar essas técmcas tém sido um dos entraves para a ndo
utilizacio da engenharia de usabilidade na pratica. Entretanto. muitas técnicas de usabilidade
podem ser usadas de forma barata ¢ cficiente. como € o caso da abordagem chamada
abordagem cconomica “discount wsability engineering ™ (Niclsen. 1994, Conforme afirma
Mielsen, para o desenvolvimento de boasz imterfaces, testes menos rigorogos podem ser
sulicienies; isto €, mesmo tesies que ndo sio estatisiicamente significantes valem a pena wma
vez que eles irio melhorar substancialmente a qualidade de decisdes de design. A abordasem
da discoraw usability engineering ¢ baseada no uso de cenanosz testes simplificados com
usuario ¢ inspegAo heuristica. Neste trabalho exploramos o tesie com usuarios em cenanos de
uso de aplicagdes S1IG Web.

Dumas ¢ Redish (1994) definem o teste de usabihdade com base em cinco caractensticas: (i
prover a usabilidade do produto, (i) os participantes representam usudrios reais. (ili) os
usuarios executam tarefas reais. (iv) os avaliadores observam e registram agdhes dos
participantes e (v) os avaliadores entio analisam os dados e recomendam mudancas.

MNa abordagem da discowy wusahifin engingering, tesies com usugrios podem ser execulados
sem a existéncia de laboratonos sofisticados, simplesmenic com a partiipagdo de usuanos
redis, atrbuindo a eles algumas tarefas de leste tipicas, ¢ pedindo a eles que [alem enquanto
executam os tarefas (mélodo falar em voz alta - thinking alowd - simplificado). A interface de
uwsuario pode ser avaliada com um minimo de treinamento e, scgunde Nielsen ( 1994), mesmo
experimentos que sejam metodologicamente primilivos erdio sUCes50 em EOcOnLrar mutos
problemas de usabilidade. Nielsen e Landauer ( 1993) desenvobhveram um modelo matematico
relacionando ¢ nimero de problemas de usabilidade e os custos financeiros para diferentes
testes com usudrio; o modelo produziu curvas que mosiram que 05 beneficios do teste com
usudrios sio muite majores que os costos, independeniemente do nimero de sujeitos do teste.



Tambem detectaram que o taxa de custo-beneficio mixima ¢ atingida quando usamos entre
IrEs € CINCo SUjeilos para o tesle com USUarios.

(0 estudo de caso descrito ¢ discutido a seguir utilize a abordagem econdmica para teste com
wsuzirio na avalisglio de usabilidade de interfaces de Aplicagdes SIG Weh

4.3 Estudo de Caso: Usabilidade na Perspectiva do Usuario

) estudo de caso relatado neste trabalho envolveu um teste de uwsabilidade em lnboratiric,
com usuanos prospectivos, seguido de uma atividade de discussiio coletiva, Participaram do
leste guatro usudrios com perlis diversos de formagiio, incluindo gs dreas de Informatica e
Agriculiuma: um Administrador de Banco de Dados. um Analista de Sistemas. um Engenheiro
Agronomo e um Engenbeiro Civil com especinlizagio em Geoprocessumento, todos
rabalhando no dominio agricola. A eles foi proposta o twrelh de “hwscar por
informapdes mapas sobre a previsdo de tempo para o més de malo do amo correnie”, As
Aplicaghes SIG Web utilizadas foram as do Agritempo, do FUNCEME ¢ do SIMEPAR. na
husca pefa previsdo de tempo para os estados de 580 Paulo, Ceara ¢ Parand respectivamente,
conforme especificado na tarefa. Estas aplicaghes foram escolhidas entre virias outras
diseutsdas em trabathos anteriores (Schinuguel et al, 2004a; Schimiguel et al, 2004b), pela
sua representatividade para os problemas analisados. A Figura | ilusirs em um diagrama o
cendrio do estudo de caso realizado,

Cada usudrio teve aproximadamente 45 minutos para concluir suas tarefas nas trés aplicagdes
(15 minutos em cada aplicagio) ¢ 10 ninutos para responder um questionario sobre o teste.
05 dudps do teste foram registrados atraves ded (i) filmagem em VHS das interagdes dos
uswhrios com a interface: (1) questiondrio, gue foi respondido apds o tese e (iil) anotagies
realizadas durante o execugiio do teste.

A atvidade de pos-teste teve durmglo de 40 minutos ¢ envolveu os quairo usudrios ¢ o
avaliador, Nessa etapa, foi realizada uma atividade interativa envolvendo design ¢ discussiio,
Como forma de organizar a analise das interagdes dos usuiros com a interface dos aplicacdes
SIG Web, utilizamos diagramas de seqiiéncia da UML ( Umiled Modeling Longuage) para
representa-las.
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Figura 2. Diagrama do cenario do estudo de caso realizndo




4.3.1 Resullados Preliminares

4.3.1.1 Visao geral

De maneira geral, 08 resultados mostram que os usudnios nde s¢ aliveram a4 especificacio da
tarela e foram pouco ngorosos ni busca do resulindo (informogples mapas de previsdo de
ferngsy e @ més de maio), Apresentaram como resposta inlormagdes relacionadas a: (i) um
dia em particular, () um periodo de dias ou (i) um periodo maier, por exemplo uma
determinada estaglio do ano, Estes usudrios se davam por satisleilos com o5 resullados que
apresentavam. demonstrando confianca na realizagio correta da wrefa

A Tabela | simteteza os resultados obtidox. em relagio av que era esperado pelo avaliador. Ela
mostra que apenas um dos sujeitos chegou ao resubado esperado ¢ someme no caso do
SIMEPAR. Esse mesmo suieito também chegou 4 resposta esperada utilizando o aplicsgdo da
FUNCEME, porém. por um caminho diferente do que o avaliador previea (marcado com **
na Tabela 15), Deve ser observado que. embora ndo tenham encontrado o resultado esperado.
dois sujeitos obtiveram uma resposta concellualmente valida | marcada com * na Tabelz 15)
dentro do entendimento/significado do dominio agricola para “previsio”, ambos utilizando o
aplicagio do Agritempo. Tais resultados serio disculidos nas seqlos o seguir,

Tabela 15, Resultados Preliminares do Teste de Usabilidade realizado

Chepon 1w Resullsdn Espe Aprienpo FUMCEMI SIMEPAL
Liswirion 1 Agritempa | FUMCEME | SIMEPAR [ #passcrs | [amgiy | fposses | Dimigls | Spssan | Duaepede
{EX A [ i i itz
i M M [ g f | i i
Lsisdirin 2 b | 5 I il 1 3 ] 4
| mnliwta)
ETE WS M 1 4 2 1 3 i
il el |
| Fsjidrwn 4 RS (*) M ™ T 4 4 3 i 1
{Eng. Cisil)
Heskiltado i K] ] 15 2 L]
Experidn

A Figurs 2 ilustra o descricio da Turefa, resultado esperado ¢ resuliado obtide por um dos
sujeitos. para a apheacio do SIMEPAR. Nela podemos ver que. na aplicagdo S1G Web do
SIMEPAR. o Usuario | nio conseguiu chegar no resultado esperadao,
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Nenhum dos usuarios extrapolou o tempo de 15 minutos estipulado pars & execucdo da tarefa
Notamos que o usuario 2. da drea de informatica, foi quemn conseguiu chegar ao resultado
esperace um numero maor de vezes (duas) €, a0 mesmo lempo, navegou mais nas rés
aplicaghes, em relagdo aos outros trés usuanos.

As Figuras 3, 4 ¢ 5 ilustram. utilizando diagramas de seqliéncia. o processo de imeraciio
utilizads pelos sujeitos para realizar a tarefa e o processo esperado. Nesses diagramas de
seqiiéncia. os objetos representam paginas Web visitadas ¢ as mensagens trocadas entre os
objetns representam atividades de navegacdo.

A segur discutimos a interagiio dos sujeitos, observada em cada um dos sistemas analisados.

4.3.1.2 Interagdo no Agritempo

Diferenga de comportamento dos dois usudrios da drea de informdtica (usudrios | e 2) e os
com formecio ma drea do dominio (usuirios 3 ¢ 4) pode ser observada nos diagramas de
seqiiéncia anteriormente ilustrados. pelo namero de passos utilizado ¢ voltas a paginas
anieriormente visitadas. Existe mais navegacdo ¢ mais retornos no caso dos dois usudrios da
drea de informutica.

(3 significado para “previsio” do tempo ¢ bem especifico pars os sujeitos do dominio; para
cles, previslio s ¢ possivel para alguns dias; para um periode maior, traia-s¢ apenas de uma
“tendéncia’ pars o clima. |sso pode exphcar porque esses usmdrios nlio buscaram a
“probabilidade de precipitagiio™ e pararam na pigina de “precipitagio 96 horas” como
resposta. Ubserva-se também que hd um ponte de nevegogdo onde os usudrios tomam
caminhos diferentes a partir da pagina “mapas de previsdo™. O limite de numero de paginas de
navegacdo para frente, antes do primeiro retorno 3 pdginas antenormente visitadas, parece
estar proximo de wés. A partir de trés paginas, quando o usuane nllo conscpue eNcontrar o gue
busca, comega a revisitar paginas anleriores. Esse componmamento foi obsenvado
ndependentemente do usudrio ser profissional do dominio ou nio. Entretanto, o retorno para
a hpmepage %0 aconteceu com profissionais de informdtica; nio acontecey com os usugrios do
dominio. A Figura 3 apresenta os diagramas de seqiiéncia para os quatro usudrios na aplicagio
SIG Web do Agriempo, & o diagrama esperado.
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Figura 3, Diagramas de segliencia para a5 interacdes dos quatrd usudnios € resullado csperado, com a
aplicagio SIG Web do Agritempo

4.3.1.3 Interacao na aplicacao FUNCEME

Interagindo com a aplicacio do FUNCEME. os sujeitos com formagio no dominio chegaram
apenas na pagina de “chuvas do dw™; o usudnio trés parece nlio ter conseguido localizar o link
de “previstes” (na homepage), 0 que sugere fahia de visibilidade no acesso a essa informagio,
O psudrio 4 encontrou o link “previsbes”, mas ndo chegou a resposta esperada, parando em
“chuvas do dia”. O usudrio 2 foi o Gnico que chegou i resposta. embora partindo do fink
“ghuvas™ (na homepage), 0 gue sugere que também esse usudrio ndo tenha encontrado o link
“previsdes” (na homepage). Dos quatro sujeitos, somente © usudrio 4 acessou o fink
“previsdes: 0s outros acessaram o link “chuvas™, o que sugere problemas de usabilidade
decorrentes da forma de apresentagio do menu. Observa-se que os itens do menu principal
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sho apresentados sobre diferentes partes da imagem presente na homepage ¢ seus links de
segundo plano sio mostrados ao passar o mouse sobre regides especificas da tela.

0 Gnico dos quatro USEAros que rélornou 8 navegagdo a paginas anteriormente visitadas fol o
psudrio | Embora  tenha chegado & pagina de “grificos de chuvas™, ele nd3o chegou ao
resultado. o que sugere problemas de usabilidade relscionados @ pidging de “grificos de
chuvas™. Nota-se que ¢ uma pagind longa ¢ determinadas informagdes precisam de aglo sobre
a barra de rolagem para serem visualizadas,

O ponto de navegaclo onde cada sujeito diverge € na propra homepage. Ld. itens de menu
que 53 530 visiveis quando passamos com o mouse por certas regides da tela podem justificar
o fato de trés usudnios terem partido para o ek “Chovas”™ ¢ um Omico usudrio para o fink
“Previsbes . Nota-se que o item “Chuvas™ surge em regido de tela mais & esquerda ¢m relaglo
a0 item “Previsbes . Us sob-menus na homepage ndo sepuem um padrio de apresentacio.
aparecendo apenas com a passagem do mouse por sobre eles; além disso. ndo fica claro qual
sub-menu pertence a qual ftem que esta visivel na homepage. A Figura 4 apresenta os
diagramas de seqiléncia para o5 quatm usuanos na aplicagio S1G Web do FUNCEME, com o
diagrama esperado.
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Figura 4. Diagramas de seqiiéncia para as interagdes dos quatro usudrios, e resultado
esperado, com & aphcacio 516G Web do FUNCEME

4.3.1.4 Interacao no SIMEPAR

0 usudroe 2 foi o dnico gue se aventurou a realizar pesquisas mais detalhadas na interface da
aplicagio; os outros rés ficaram presos so comteddo da homepage. clicando nos links de
rapido acesso a informacso,

Mesmo com a tarefa solicitando a “previsio de tempe para o més de maio”. irés usudrios se
contentaram com uma resposta relacionada a previsio de tempo para o outono de 20035: um da
area de informética e os dois do dominio. O usudrio 4 deu-se por satisfeito com a previsio de
lempo para quatro dias para uma cidade especifica do estado do Parand.

O wsudrio I conseguiu chegar ao resultado espersdo: entrétanlo. comentou que estava
confuso. porgue esperava encontrar o resuliado na drea relacionada a “tempo™. mas o
encontrou na regido de “clima”. A Figura 5 apresenta os diagramas de segiiéncia para os
quatro usuarios na aplicacio 51G Web do SIMEPAR, com o diagrama esperado.
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Figura 5. Dizgramas de segiincia para as interagbes dos quatro usudrios e resultado
esperado, com a aplicacio S1G Web do SIMEPAR

4.3.2 Observagoes sobre os Usuarios na Tarefa

Esia se¢do destaca aspecios do comporiamento observado dos usuirios execuiando as tarefas
nas trés aplicagoes SIG Web consideradas.

Lisuario 1:

Targfa mo Agritempo: O usuirio fazis 0 uso da barra de rolagem para tentar encontrar o mapa
foco, mas sem éxite. Um problema neste caso foi o uso de termos técnicos pela aplicagdo
{precipitagdo, por exemplo), ndo habituais para usudrios esporadicos, que, por exemplo.
gosiariam de ver a previsio de tempo para uma viagem de familia; Nessa aplicagio S1G Web,
existem algumas ferramentas de busea por imformagdes que foram utilizadas por este usuario.
mas clas ndo contribuiram pam 2 coneluséo da tarefa.

Tarefa me FUNCEME: Na homepage, o usudrio clicou no guadro "chuvas” e depois. no ftem
"previsdo didria”. Preencheu um formulanio com algumas especificagdes, selecionando &
opelo de peraclo de “grifico de chuvas™ e encontrou um grafico com informagdes de um
periodo anterior ao requerido pela tarefa.

Farefa no SIMEPAR: O usudrio ambém procedeu de forma bastante rapida no uso desta
splicagdo. Fez uso da barra de rolagem na propria homepage. realizou uma procura visual
pela regifio dessa pagina & clicou em “previsdo climatica para o outono”; além disso, o usudrio
se disse satisfeito pelo resuliado que encontrow A farefa envolvia verificar a previsio de
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tempo para o Estado do Parana e ¢le encontrou informagdes sobre previsio para a estagio do
A NG CAs0, O OULome).

|suario 2:

Tarefa no Agritempo: Este usudro teve um comporiamento tipico de profissionais da area de
nformatica. A partir da homepage, usou o8 links textuais dos estados brasileiros, em vez do
mapa, para acessar as informacdes do Estado de S&o Paulo, Este usuario teve muita
dificuldade para completar a tarefa; chegoo a gueixar-se varias vezes do fato da aplicagdo 516G
Web ter muites termos técnicos, Fez buscas por "mapas de probabilidade”. "previsio de
lempo” etc.. Nesta segunda op¢iio, © usudrio fez uso da barma de rolapem. para fentar
encontrar 0 mapa foco, entré varios outros mapas disponibilizados pela aplicacio. mas ndo
teve Exito. Demonstrow. através de gestos ¢ comenldrios. que a interface ndo fazia senndo
para ele, falando, por exemplo: ado sel o gue eston procurands, entde fica dificil, nde achel a
parte de meses. parag mine o fermos ndo facem sentide (referindo-se aos 1ermos técnicos
uspdos na drea de SIG Web), O usudrio chegou a um ¢stigio em que passou a clicar nos finks,
sem muito cuidado, O resultado que obleve o relacionado a disponibihidade de dgua no solo,
de diferentes localidades do Estado de Sa0 Paulo; mesmo assim. acreditou ter chegado ao
resultado da tarcta.

Tarefa o FUNCEME: O usudrio comegou a percomrer os menus ¢ acessou o menu “chuvas”,
A sggulr, selecionou a opglo "grafico de chuvas”. e mandou gerar um grafico. que mostrava
informagdes sobre chuvas para um periodo (janeiro até maio de 2005), completando a tareta

Tarefa wo SIMEPAR: O usudrio comentou que, mesmo existindo menus e sub-menus, os
usudrios tendem a iniciar busca por informagde pels regido da homepage. fazendo uso da
barra de rolacem (se necessdrio). Em um determinado ponto na execugdo da tarefa disse: ew
eston clicando s para ver, pois ndo eston achando o gue guerc. Ele também comentou que
0% fermos técnicos utilizados nde sf@o ifriviais para usudrios casuais. por exempho.
"precipitacio acomulada”, "clima®, "tempo”. Disse ainda que "tempo” seria um termo mais
usual para usparios nao sofisticados no conhecimento do dominio; a informagho requerida
pela tarefa foi encontrada em um item chamado “clima®. conforme esperado.

Lisuaro 3:

Tarefa no Agritempo: O usuario passou com o cursor do mouse sobre os links existentes.
passou com o cursor sobre o mapa do Brasil (mapa de imagens no HTML) ¢ acabou ¢hicando

no link referente ao Estado de Sao Paulo (sigla do Estado). O usudrio acessou a opgio "mapas



de previsiio™ e, depois de acessada essa opeo. usou a barra de rolagem para navegar cnire o5
varos mapas existentes (que ficam em lamanho reduzido ¢ ampliam ao clique do usudano.
shrindo uma nova janela com mais informagfes). O usuirio scessou o mapa de “precipitagio
96 horas”. Ainda. comentow: si € passivel verificar a previsdo aré 96 foras, me caso do site
do Agrirempe. Segundo ele, a previsdo s6 pode ser verificada para um periodo curto de tempo;
e iss0 fosse possivel para um periodo maior, ter-se-ia uma "rendéncia” & nfio uma "previsiio”.

Fargla no FUNCEME: Este usuirio também encontrou o resultado faciimente na aplicagdo
S1G Web do FUNCEME. A partir da fomepage. acessou o menu de "monitoramento” e a
seguir a op¢lo de "chuvas” ¢ ainda. a opglo de "chuvas do dm". Encontrou a previsio de
chuvas para oz dias seguintes; afrmando que ¢ site nio apresentava opedes para se dentificar
mnformagdes para um periodo maior.

Tarefa wo SIMEPAR: Mo caso da aphicagio SIG Web do SIMEPAR, encontrou informagdes
textuais sobre a previsio de tempo para o veriio de 2005 - uma estagdo do ano que @ havia
passado, gquando o tesie com usuarios foi realizado. Parecia estar certo de haver chegado ao
resuliado para a arefa. O usuario comentou gue existe para outros meses {periodos) uma
“tendéncia de tempo”, mas so se pode afirmar algo com mass seguranga para dias proximos.

Uisudrio 4:

Tarcfa no Agritempe: Este usuario utilizouw um caminho similar ao executado pelo usuano 3.
ou seja, atraves da homepage. fez wso do mapa do Brasil (para acessar as informagdes do
Estado de Sdo Paulo); depois disso, acessou a parte de “mapas de previsin”. Executada esta
warcfa, € aberta uma janecla com virios mapas em tamanho reduzido, ¢ o usuaro chegou a
paging de mapas de precipitacio acumulada para 24 ¢ 48 horas.

Tarefa no FUNCEME: Através da homepage, o usudrio acessou o link de meteorologia e
previsfes: a partir dai, ele teve scesso ao mapa de previsio de tempo do Ceard. acessando o
"boletim didgrio de chuvas”, mas ndo encontrou a pagina que <ra esperada para a tarefa ( pagina
de previsio de precipitagio para periodos).

Tarefa no SIMEPAR: O usudrio fez uma pesquisa visual pela homepage wtilizando o recurso
de barra de rolagem. Na homepage, existem icones, que sio links, para o previsio de tempo
nas principais cidades do Parand. Essa previsfo de tempo traz informagdes sobre a previsio
do proprio dia e dos quatro dias subsegiientes. Clicou no icone referente 4 cidade de Cascavel
¢ se deu por satisferto com o resultado. Para concluir, comentou: mdo consegwl fazer o
constlta pare o estado, mas sim para uma cidade especifica.



4.3.3 Discussao

A partir do uso da aplicaglio SIG Web do Agritempo, pudemos verificar que, na homepage, 0%
usufirios tendem a procurar mais por clementes visuais (imagens), do que textos (links
textuais) e buscam por possibilidades de clique sobre esses elementos visuais, Durante o uso,
pudemaos detectar que essa aplicagio ndo prove facilidades no que diz respeito 3 organizagio
dos mapas dentro do site. Quando o usudrio estava procurando por informacdes (lexios,
tabelas) e'ou mapas relacionados & previsdo de tempo. existinm varios outros mapas
competindo com o mapa foco.

Aparentemente, as aplicapdes SIG Web avaliadas focam muite mais a questdo de previsdo
para um periodo, o que poderia ser inleressante para um agrinomo oo engenheiro agricola
por exemplo: mas estas ndo seriam informacdes tho (leis para usudrios eventuais. Estas
aplicagbes SIG Web 1&m uma tendéncia a screm dirccionadas para um usudrio com perhil
mais [Eécnico (em agricultura), A aplicagdo S1G Web do Agritempo parece 1er COmo USUErio
implicito os profissionais da comunidade técmco-cientifica mais relacionada ao domimo.

s resuliados do 1este mostraram tambéem que os sujeitos da area de mformarica, apesar de
sua experi®ncia com a midia da Intemel. ndo tiveram maiores facilidades para encontrar
informagdes consideradas basicas ¢ essencials para usuanos casuais da aplicagao.

Em atividade pos-teste, os usuarios com maior interesse em discutir a tarcfa executada foram
os usudrios 1 e 4, profisswnais trabalhande no dominio das aplcagdes. O usuaro 2 teceu
comentarios sobre © wuso de lermos enices em aplicapoes 810G Web, Todos foram uniinimes
em afrmar gue um tutonal sena importante na aphcagdo. Na avaliacio pessoal do usuario 3.8
aplicagio do Agritempo, pareceu de melhor usabilidade que as demais; comentou que a
variaggdo de cor como informagio é muno importante em aplicagdes desse lipo. Esse mesmo
sujeito salientow ainda gue as aplicacdes nivelam os usuarios "por baixo” (significando que
as aplicagbes pressupdem gue seus usuarios sdo odos especialistas) e lambém saliemou que
deveria esiar bem claro. na aplicagdo. a diferenga entre "boletim climdtico” (para dias) c
"tendéncia de tempo”. gue sio duas coisas que acabam se misturando bastante nessas
aplicagbes, prejudicando o uso.

MNa avalisgdico do usufrio 4, a aplicagdo SIG Web do SIMEPAR ¢ a mais geral e a do
Agritempo a mais complexa. Este usudrio também comentou gque a aplicagdo do FUNCEME
possu uma interface interessante, mas gue permite somente consulias de regides do Estado do
Ceara, ¢ ndo do Estado como um todo. Ele chamou & atengdo para a quesido da precisdo e



significados para & terminologia endossando o comentino do usudrio 3. de que a previsdo de
tempo € somenie dada para dias; para meses, o que existe sio somente tendéncias. O usudno 4
comeniow, ainda. que aplicagbes S1G Web déo subsidios & politica piblica e destacou que a
aplicagho do Agriempo monta um processo de "interpolagho de mapas”. que em sus
percepsdo ¢ o melhor do Brasil Também salientou que o3 profissionais de "monitoramento”
ndo poderiam ler o mesmo nivel de acesso & informagdes (dentro do site). do que uma pessoa
comum gue quisesse verificar a previsdo de wempo para ¢ linal de semana. Segundo ele. o
ideal para uma aplicagdo SIG Web seria disponibilizar uma intertace inicial mais simples ¢, se
o usudrio o desejar. possibilitar acesso & um nivel mais complexoa de mformagio

O usuario 3 foi o que realizou a menor gquantidade de passos para a execugio da tarefa na
aplicacio do Agritempo; o que realizou a maor quantidade fol o usuario 1. OS sujenos que
sdo profissionais da drea agricola executaram a tarefa em menos Iempo ¢ MENOS PAssOs ¢
parccem ter Udo maior facilidade de inmteragdo ¢om essa aplicagio. Profissionais de
informadtica possuem o conhecimento em lecnologia. mas ndo possuiam a base necessaris pars
usar as aplicagdes nesse dominio, embora tenha sido um sweno da dres de informdtica quem
mais ¢ aproximou das respostas esperadas na tarefa. Siuaglo semclhante sconteceu na
execucdo da tarefa para g aplicagio do FUNCEME: o usuario | foi quem realizou a maior
quantidade de passos.

E importante salientar que, embors os usuirios tivessem & impressio de terem realizado a
tarefa. somente um deles. em uma das aphicagies. conseguiu atingir ¢ resullado esperado. Fou
exatamenie o usudno que no geral apresentou maiores dificuldades e que realizou mais passos
de navepagiio, Os outros sujeitos, que usaram quantidade mferior de passos parn o execugio
da tarefa. ndo chegaram ao resultado csperado €, além disso. twham 'cericza’ de que o
resultado pretendido para a tarefa era o que eles tinham encontrado,

4.4 Contribuigdes e Conclusdes

Usabilidade tem se tornade umn conceito importante. Bons estudos de usabilidade demandam
gque avaliadores cologquem os sujeitos do teste sob tarefas realistas, observando-os em
problemas reais (Pinelle e Gurwin, 2003). E sabido que métodos de engenharia de usabilidade
o raramente utilizados em projetos de desenvolvimento de software, na vida real. As razdes
disso sdp em panie o cusio percebido e complexidade de uso dessas téenicas ¢ em parte o
pouco conhecimenio sobre os beneficios que essas praticas podem trazer. A abordagem do
“discenmt usabiling engmeering " (Nielsen, 1994), adotada neste trabalho, mostrou-se uma



forma viavel e simples de levantar questdes de usabilidade ¢ poderia ser uilizada na pratca
do desenvolvimento de sistemnas, em particular aplicagoes 516G Web.

Com este trabalho. pudemos observar elementos importantes para ¢ design de aplicagbes S1G
Web, que possivelmenie ndo seriam detectados sem o envolvimento de usudnos na avaliagho.
0 1ese de usabilidade discutido neste artigo considerou uswdrios tipicos e uma tarefa que
gualquer usuaro leigo podena desejar executar. Em um primeiro momenio, acreditavamos
que, por se tratar de uma tarefa simples (rotineira) — verificagdo da previsSo de tempo - os
sujeitos do teste ndo teriam grandes problemas em executar a tarcta nas aplicagdes escolhidas.
Eniretanto, contrariamente a0 que SspErdvamos, 05 usudrios ndo obtiveram o resuliado
esperado. apesar de acreditarem ter obfido a resposta correta; isso ilusira uma situsgio amda
pior.

s testes indicam que especialisias no dominio ém mais facilidade de uso dessas aplicagies,
0 que sugere serem eles os wsudrios implicitos desse tipo de aplicagoes na Web., O
vocabulirio usade parece nlio ser adequado para uswinos ecasionais ¢ tarefas de interesse no
cotidiano das pessogs. Palavras como ‘clima’ e “tempo” podem confundir USUarios ocasionals.
gue podem tomar esses dois termos como sinonimos. O acesso & um Tutorial. associado as
aplicactes S1G Web, poderia contribuir na execucio da tarefa. Mapas do sife costumam ser
utels na orientacdo da navepagio do usuario. Das trés aplicagdes avaliadas, a amica que possui
um mapa de site € o Agnlempo, embora esse recurso parece ndo ter sido percebido pelos
sujeitos do toste.

Pudemos verificar que usudrios diferentes tém diferentes estiles de interagio: alguns se guiam
por imagens. enquanto outros buscam [inks textuais. ou seja. as duas formas de navegagio
devemn ser providas. Uma caracteristica que observamos nas trés aplicaghes foi o fato de
permitirem a visualizacdo de informagdes tanto ma forma de mapas. quanto na forma de
tabelas de dados. graficos ete.. Entretanto. um trabalho anteriormente desenvolvido sobre
andlice de acessibilidade dessas aplicagbes mostra que elas apresentam uma grande
guantidade de problemas de acessibilidade (Schimiguel et al.. 20035a).

Como lictes aprendidas, verificamos gue imerfaces de aplicagdes SIG Web precisam ser
adaptadas & midia da Web, Isso implica em soluces de design de interface que déem conta
da diversidade de usos e perfis dos usudrios na Intemet. Por exemplo, deveria ser provido
acesso por nivels de conmeado, ou seja, partindo do comeddo de uso geral aié conleddos mais
especificos direcionadoes para usudrios com conhecimento mais técnico. Além disso. nesses
nivels iniciats de conteudo, o3 termos técnicos adotados devem fazer semtido 4 realidade do



ugo, sem perder a precisdo. Processos de desenvelvimento que envolvam métedos formativos
de avaliagdio com a presenga do  usuArio. como O gue experimeniamos neste trabalho.
mostram-se economicamente vidvels ¢ podem onentar o design da interacdo nessas
aplicagies,

Em continurlade a este trabalho. almejamos a realizaclo de testes sistemidlicos com outras
calegonas de usudrios, focando a aplicagio 510G Web que estamos desenvolvendo. Estamos
utilizando outras técnicas complementares de avaliagdo, para eriar uma base solida de “ligoes
aprendidas’. para o design ¢ avaliagdo de interfaces para aplicagdes SIG Web,
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Capitulo

Guiding the Process of
Requirements Elicitation with a
Semiotic-based Approach — A Case
Study

5.1 Introduction

Software requirements have been recognized in the past 5 vears to be a real problem in
sofiware systems development. Literature has pointed oul that madeguate, inconsistent,
meomplete, or ambiguous requircments are numerous and bave a critical impact on the
quality of the resulting software (Lamsweerde, 2000}, The primary measure of success of a
software svstem is the degree to which it meets the purpose for which it was inmended
Broadly speaking, requirements engineering (RE) is the process of discovering that purpose,
by identitving stakeholders and their needs. and documentimg these in a form that 15 suable
1 analysis, communication, and Sll.b!:l.'.'quenl implemem&r'um (Nuwetheh and Essterbrook.
2000), There are a number of inherent difficulties n thas process. Stakeholders (including
paving customers, users and developers) may be numerous and distributed. Ther goals may
vary and conflict, depending on their perspectives of the environment in which they work and
the tasks they wish to accomplish. Their goals may not be explicit or may be difficult to
articulate. and. inevitably, satisfaction of these goals may be constrained bv a vanety of
factors outside their control. Moreover, non-functional requirements have been presented as a
second or even third class type of requirement. frequently hidden inside notes and therefore,
frequently neglected or forgonen (Cyvsnemros and Leite, 2007). This paper presents a sermotic-
baged method for requirements elicitation that deals with functional and non-functional
requirements  considering social political, culwral and ethical issues involved in
understanding the problem in the process of RE. Our approach is based on the Oreanizational
Semiotics (08), a branch of Semiotics that studies orgamzations using concepis and methods
from Semiotics (OSW, 1995,



The rationale behind for DS is based on the assumption that any orgamized behavior is
affected by the communication and interpretation of signs by people. O understands the
miernal activities of an organization. including its information svstems and its interactions
with the environment. as a semiotic svstem (L, 2000). Our approach is based on MEASUR,
a set of Metheds for Eliciting, Analvzing and Specifying User Reguirements. The case study
reported in this work 15 based on PAM (Problem Articulation Methods) and SAM (Semantic
Analysis Method), PAM comprises a set of techniques that can be applied in the initial stapes
of a project, to support the definition of system units that are validated by the interested pans.

The proposed approach is tllustrated with a case study related 10 the development of an
applcation of Geographical Information Systems in the Web (Web GIS). In the context of
this work, we define a Web GIS as a svstem that allows visualizing and consuliing gesgraphic
data through the Web. The process of instantiation of the methpds included three workshops
of three hours each. with the participation of professionals from the fields of networks. image
processing.  databases,  pec-processing,  agro-environmental  studies, human-computer
interaction expens, adminsirators of agricultural federal agencies (EMBRAPA — Empresa
Brasileira de Pesquisa Agropecuaria) and Web GIS application developers. The discusswon
was recorded i video and notes were 1aken from observations. The workshops used anifacis
ol OF (Siakcholders Analvsis. Evaluation Frame. Semiotic Diagnosis and Collateral Analysis)
n @ collaborative and participatory way. The main outcome of the workshops was the
agreement an requirements including considerations on ethical issues, and social and business
model implications of the prospective sysiem.

Results of the case siudy allowed us to observe the contribution of OS in the proposed
dpproach. in relation to other technigues. The activities carried out deal with information not
captured by other techniques, involving cultural. behavioral, ethical and political aspects. A
list of agreed requirements was derived from the artifacts used in the workshops, The elicited
requirements were represented with the use of an onology model, an outcome of the
Semaniic Analysis, with agents, affordances, ontology relation and determiners concepis.
providing elements 1o inform the user interface design of the system. The result of the
Semantic Analvsis 1s complemented with the dynamic aspects (constrains. rules. et ).
obtained with the Norm Analysis,

The paper is organized as follows: Section 2 presents the Organizational Semiotics view for
understanding regquirements. and our approach <onstructed from that theoretical basis.
Section 3 presents egnd discosses the pmoposed approach to Requirements Eheitation
instantiated in a case study with WebMaps: a Project in the ficld of GIS application that
involves an inlerdisciplinary team and served as an object of mveslipation in this work.
Section 4 discuzses the main findings of this case studv and in Section 5 we conclude.
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5.2 Understanding User Requirements: a Semiotic-based
View

Starting with the pioneer work of Floyd (1988), several authors have acknowledged the social
nature of miormation svstems design. As Erickson (1995 p.37) points out (... ) the design of
technology-hased products is inextricably entwinad with social and organizational dynamics.”
The same author argues thal we could make the design process more effeciive by developing
a betier understanding of how conerete artifacts support communication in design. Kuuti
(1995, p.27) obssrves thai because the organizational context where a compuler system is
embedded is a social system, some of the questions than might be discussed in the context of
svstem design are: “To what extent should this social character be taken ntoe account in
design? How could that be methodologically done? What is the relationship between the
social system and the techmcal one”™ The same author also sugeesis that “(,..) hardly any
svstem design method still recognizes the need 1o model the erganization or work bevond the
immediate use actions of @ svstem™ (Kuuwitl, 1995, p. 30). [n this paper we draw upon
concepis from the Organizational Semiotics (US) 1o address these guestions and o sel
appropriate foundation for designing information svstems, reflecting the proposed approach in
the design of user interfaces.

Orrganizational Semiotics s a discipline that explores the use of signs and their effects on
social practices. We situate our work on Stampér's school of O8 (Stamper. 1973b, 1993),
which proposes 2 set of methods to the design of information svetems, based on the socio-
techmical paradigm  Organizational Semiotics situates the technical information system
[software | development within the formal and informal levels of an organization. As so, of
favors/supports a semeotic view of information sysiem design.  Although a sound theory for
developing IS within this paradigm. literature on OS5 and 15 hardly addresses user interface
design issues. COrganizational Semiotics comprehends the mternal tasks of an organization,
including #s mformation svstems and their interaction with the envonment, siming at
finding new and significant ways of analyzing. describing and explaining the structure and
behavior of the organization. The study 15 not limited to the information expressed in speech.
writing or charis, but it also considers the semiological aspecis of the organzational products
and productive resources. From this semiotic perspective several lavers of meaning should be
considered in & svsiem design. To Mormis® classification ol syntax, semantic and pragmatics
(Moms, 1938), that deals respectively with the structures, meanings and uses of signs,
Stamper (1973b) added another three lavers: physics, empirics and social world. Stamper’s
Semiotic Framework is composed by six lavers. as briefly desceribed:

o Social World: deals with the social consequences of using signs ( beliefs. expectations,
commilments, gte.)

= Pragmarics: deals with the purposeful use of signs and the behavior of agents.

71



Semanrics: deals with the relationships between a sign and what it refers to; m all
mades of signification,

Svatactic: deals with the combination of signs without considering their specific
signifcation.

Emprirics: deals with static properties of signs when different phvsical media and
devices are used

Physics: deals with the physical aspects of signs and marks,

Within this framework, an organization is scen as an information system in which
nterdependent links between the organization, the business process and the Information
Technology (IT) occur (L, 20000, At an Informal level there is a sub-culture in which
meanings are established, intentions are understood, beliefs are formed and commitments with
responsibilities are made, altered and discharged. At a Formal level form and rule replace
meaning and intention. At a Technical level part of the formal system is aulomated by a
computer-based svstem.. The Informal level embeds the Formal that, by its turn. embeds the
[echnical, Modifications that occur in.one of the levels can lead to modifications in the other
levels. Thus, for example. changes in the informal or formal levels have implications in the
technical information system. and the mtroduction of a computer-based system in the
orpanization (techmcal level) can generate modifications in the formal or nformal levels of
the organization. The information svstem is impacted by and reacts to the environment. as
Fizure 1 illustrates. The informal level embodies the formal thar by s wrn. embodies the
wechnical level, meaning that changes in some level have impaet in the other levels. In a
semiotic perspective. different layvers of meaning mus be considered in the information
system analvsis and software design (Stamper. 1973b). One of the purposes of the OS5
approach 1s 1o provide a methodological hasis 1o reflect in the sysiem the articulation of these
organuational levels.

Organizational Semaotics (OS] provide uws with methods to construet a meaningful
urlerstanding of the organizational context. which will embed the Information System. In this
paper we argue that 0% methods can provide the interested parts of a focal problem with 2
ketter understanding of thewr requirements and intentions, as well as the restrictions not only
regarding the information svstem, but the software svstem as well.

5.2.1 The MEASUR Methods

MEASUR is an acronym for Methods (Means, Models] for Eliciting (Exploring. Evaluating ).
Analyzing (Articulating, Assessing) and Specifving (Structuring) User’s Requirements, The
MEASUR research program (Stamper, 1993) proposes a set of methods o deal with the three
upper lavers of the Semiotic Framework, which are concerned with the use of signs. their
function in communicating meanings (semantic layer) and intentions (pragmatic layer). and



their social consequences (social layer). The MEASUR methods related to the analvsis and
specification of users’ requirements, our focus in this study. involve the problem articulation.
semantic and norm analysis, briefly described in the nexi sub-sections.

5.2.1.1 PAM - Problem Articulation Methods

PAM consists of a set of methods to be applied in the initial phases of a project, when the
problem definition s still vague and complex. The analyst is helped in defining system units
that wall be validated by stakeholders using Stamper’s Semiotics Framework (Lo, 20003,
PAM 15 composed by the following methods:

o Stakeholder Analysis: allows 1o mvestigate the imerssied parts that directly or
indirectly have influences or interests in the information system in analvsis,

o Fvalwation Framing: allows to identify. for each staksholder. their interests, questions
and problems. in erder 1o discuss possible solutions,

o Semuotic DMagnosis: allows us 1o examnine the prgamizotion as 2 social svsiem that s
constructed through the use of information. emphasizing ot only technical ssues
{physical world, empirics and svntactic) but other levels of relationship {semantic,
pragmatic and sociall. which affect aspecis of the svsiem design.

o Collareral Analyvsy: allows the analvsis of relationships berween unitary svstems thal
compose the complex system. and the its effective limits in the environmeni. the
focal system and ns mirastructure.

5.2.1.2 SAM - Semantic Analysis Method

SAM assists analvsts and users or problem owners in eliciting and representing their
requirements in a formal and precise model. With the analvst in the role of a facilitator, the
required system functions are specified in the Ontology Model, which describes a view of
responsible agents m the focal business domain and their actions or patterns of behavior
called ~affordances™ It is a process of conceptualization of » business organization, in which
the organizational behavior is analyvzed and captured in the Ontology Model. [n Semantic
Analysis the ontological relationship is considered as the most [undamental relationship to be
modeled, The purpose of the Semantic Analysis is to help svsiem analysts and problem
owners 1o articulate the requirements focusing on the language used to express the problem. It
& 4 process of conceptualization of a busimess organization, in which the organizational
behavior is analyzed and captured in the Oniology Model The primary focus of system
analysis is on the agents in action. The agents and their pattemns of behavior (affordances)
have a graphical representation in the Omiology Model, which includes:

= Ageni (graphically represented as an ellipse): Actors who build and imeract with the
reality,
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o Affordance (rectangle); Semantic primitive representing possible patterns of agemt
actions or behaviors.

o (Ominlagy Relation (line): Define the limit or period of existence of an affordance

related to the agent that holds it. The “antecedent™ mn the relation is represented on
the lefi and the “dependent™ on the right.

s Detarminer {preceded by #): Invariant property that distinguish one instance from
others.

® Roie (half circle); An ageni can have a particular role when he or she is mvolved in
relations and actions.

o Whole-pari Relationchip (line with a dot): Defines a possible subdivision of an agent.
represented from the lefi (whole) to the right (part), according o the ontological
dependence.

(reneric-specific Relarionship (box): specifies whether agents or affordances possess
shared properties.

The Ontology Model shapes a context that involves concepts and words used in the domain of
a specific problem. This allows a comextoal semantics as each word or expression 15 Iinked 1o
its antecedents. In Semantic Analysis (SA) the onolegical relationship is considered as the
most fundamental relationship to be modeled. The result of the SA 15 complemented with the
dymamic aspects (constrams, rules, etc.), obtamed with the Norm Analyvsis.

5.21.3 NAM - Norm Analysis Method

Societics use several systems of normative control: religious, ideological, cducational,
scientific. cultural, soeial. political and economic. Some situated examples are the business
organizarion strategies, codes for employvees, laws, regulations eic.. Complex agenis can be
formed for cerlain purposes, as for cxample. cultural clubs, political parties, corporations,
governments, nations, multinational alhances. etc.. The norms exist to determing the behavior
that are legal and acceptable inside a social comext and also have directive and prescriptive
functions. sometimes called normative functions. When an agent is in the eminence of acting,
norms serve as a guide for his action. In each particular case. the agent will evaluale the
situation to find norms that seem relevant for his case.

NAM focuses on social, cultural and organizational norms that povern the actions of agents in
the business domain. A norm, in & formal or informal sense. defines a responsibility of an
agent enzagzed in a task. or condition under which certain actions may (must. must not. etc.)
be performed by the agent. Each specified norm is associated with an action pattern described
in the Ontology Model. In Norm Analysis, norms related 10 the social and pragmatic layers of
Stamper s framework are identified and associated 1o specific parts of the Ontology Model.
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5.2.2 A Framework based on MEASUR for Engineering User Requirements
Jacobson et al (1909, p, 342-343) consider thal the “mapor challenge is thut the customer. who
we assume 1o e primanly a non computer specialist, must be able to read and understand the
results of requirements capture”.  We argue that this initial work on the problem clirilicaton
ghould be part of the information system development. conssdering mlormaton sysicm o a
broader sense. We propose the use of MEASLE methods. PAM. SAM and NAM 1o explore
the problem and its context. Previous studies conduced with business orgamzations | Simni
il Baranauskas. 2004) showed thal these miethods were valuable to capture the core problem
aid s context. and provide 4 common language between non-lechnical and technical people
invialved i the process.

Figure | presents the mtionale underlving our approach, PAM 15 used to understund the forces
imvoedved (needs. intentions, existing conflicts, e ) amomng the stakeholders. allowing u big
picture of the problem context and the main requirements SAM and NAM are both used
mwedel this context. capturmg informal and formal aspects relsted 10 it Both the static (SAM -
terms, concepis, i, ) and dynamic aspects (INAM - constrams. miles, ¢ic. ) are modeled, snd
the outeomes are mpns for the software development. Flgere | illustrates a case in which the
software development process chosen was the Umiied Process (Sinsom et 2l 2(005a)

Figure 1. U5 integrated in a development process

5.3 Eliciting Requirements for the WebMaps Project: A
Case Study

Current research in Reguirements Engineering (RE) presems it in terms of the core activities
that constitute the field: eliciting. modeling and analyvzing. communicating, agreeing and
evolving requirements. Despite the fact of usually being described indépendemly ond in 3
particular order, in practice these sctiviies are meerleaved, iterative, amd may span the catire
software system development lle evele (Museibeh and Easterbrook, 20000 Information
enthered durmg requirements elienation has o be inlerpreled. mnalyred. modeled and
validioted.  Therefore. requirements ehcitation is closely related 10 other RE aciivities. In



many cascs, as pointed out by Nuseibeh and Fasterbrook (2000). the elicitation technigue
used is driven by the choice of the modeling scheme or vice-versa: many modeling
approaches are used as elicitation tools. where the modeling notation and partial models
produced are used as drvers to prompt further mformation gathering.

RE is not only a process of discovering and specifying requirements; it s also o progess of
tacilating effective commumeation of these requirements among the differemt stakeholders.
This stresses the importance of a shared representation for the information gathered amd a
way of discussing and negotiating meaning for the represenied elements.  Reguirements
validation s o difficull activity as it concerns the question of truth and of what 15 knowable;
nevertheless. the participation of the invelved people (problem owners. users, designers,
developers and other stakeholders) m activities where they have an active role and voice in
requirements gathering may facilitate the group in reaching agreement. Moreover. knowledge
ol the stakebolders aml designers about the problem and its context evolves during the RE
process, which implies the need of neration. [n the next sub-section we detail the proposed
process model and context of this case study,

5.3.1 Method and Scenario

A process sugpested to manage and integrate the dafferent RE activities based on 08
principles, artifacts and models is illostrated by Figure 2. The process i3 centered in the
activity of Communication, which involves the use ol Organizational Semiotics artifacts as
shared representation for information gathering in the first place. and for common ground
knowledge ond memory for the proup in subsequent stages. Three workshops were
conducted, the first one during the Elictation stage, the second and third during Analvsis and
Negotiation after Elicitation and afier Modeling respectively.

We drew upon MEASLUR methods to compose the Requirement Process. which started with
the Elwitotion Phase bllowed by Analvsis & Negotistion, Modeling and Analvsis &
Negoliation (validation) again. Thres Warkshops, cach ane 3 hours long, were conducted by
facilitators with the stakeholders in a participatory format. 17 participants from different
bhackgrounds and fields, including image processing. databases, geo-processing. agro-
environmental studies, human-compater inleraction experts, users representatives, soliware
systems developers, 0 name a few, wok place in the workshops. The artifacts of OS were
used as communication toels during the Workshops., Figure 3 illustrates snapshots of the
scenario in which the workshops took place, The next sub-section describes the participatory
format of the Workshops.
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Figure 1. The Reguirement Process Model Hinstrased

Frawre o) The Scenpnin Preparation for thve Firgt Workshop - (b): Parteeipants during the Second
Workshwp - (e). A sdpshol of the S0 artilpets durmg ihe Second Work shop

5.3.2 The Participatory Workshops

We desorbe the workshops m tgrms of «x ottributes adapied from Miller (199E jor
Parucipatory Design echmigues,

o (Comeumcation Artifacts: For Workshop 1, the artifacts of PAM: Stakeholder Frame,
Valuation Frame and the Semuotic Ladder. For Workshop 2. the same arufacts of the
Workshop 1 populsted with the written pos-its; the Collateral Analvsis Frame filled
and & poster with first draft of Reguirements collected from results of Workshop |
For Workshop 3, the artifact of SAM: ontology chart (outcome of Semantic
Amnalysis): the Use Case Model and o synthesis of Content Orgamzation for the user
mterface of the Web CIS application, Pos-ns. and pens are the material vsed for
runnmng the participatory pracice lor the Workshops 1 and 2 computer and
progector for the third Workshaop.

o Process Mode!: [n the lormat ofa Workshop, the participants take o sit wround o ble
and the facilnators stay close to the wall. where the posters with the commumestion
artilacts are bung on. Starting with the Stakeholders Analvsis, and proceeding with



the other antifacts, the facilivators conduct discussion and the panicipants write their
ideas in post-its that are put in the ariifacts hanging in the wall { Workshops 1 and 2).
During Workshop 3 the designers show concepts of the problem domaim modeled in
a onology chart (projecied in the room) that includes the affordances available
or/end that would be availahle by the svstem ose i o new orcanizational context.
This model contains the concepls compiled by the designers from data of previcus
workshops (the diagram must contain only the 1erms used by the users). I necessary,
the designer clarifies the notations and concepls in the diagram. Afier that the
designer read the ontology chart for the group. During the reading. for cach concepi
guoted mn the model that any person ol the group judges impartant, the practitioners
discuss the semantic dependencies with other concepts and the formal and informal
norms associated. Members of the group. as a result of discussions, may propose
changes to the semiotic models. A Use Case Model 15 also presented and discussed
supgesting scenarios of using the prospective system. A first draft of Contents
Organization for the User Interface is presented and mapped to parts of the Ontology
L hart.

Participation Model: participants from different backgrounds and helds. meludmg
image processing, databases, peo-processing, agro-environmental siudies, human-
computer interaction experts. users representatives. software systems developers, 1o
name # few, together with the design team participate in the Waorkshops, Two
facilitators mediate the interaciion among the group.

Final Reswles: Agreed Requirements among the group: Ontology Chart a5 a common
ground representation of knowledge elicited and reviewed during the workshops
witch included people from the orgamizational context. Use Case Model produced
and detailed. Preliminary User Interface Contents Organization,

Pogition in the RE life cyole: The Warkshops are applied during the Ebeilation Phase.
and during the Analysis & Negotistion Phase that take place after Elicitation and
after Modeling respectively. [ applied m a traditiona] development process it can
contribute  for the following phases: Problem ldemtification & Clarification,
Reguirements & Analysis. High-Level Design, Evaluation and Re-Design.

Crrowp Size: 17 Participants in this case study (5-15 15 the recommended. the number
of designers should not be higher than the number of users and stakeholders).

During Workshop 3 the ontology chart and the other artelacts resulted from Modelling and/or
from previous practices were discussed. assumiing that there is & conceptual and design
dependency between the user Interface and the work practices considering the prospective
application; changes in the O8 models may have impact in the user interface and vice-versa.
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The next section presents resulis of applying this semiotic-based approsch 10 RE in the
context of WebMaps system design.

5.3.3 Preliminary Findings

The First Workshop staned with the Stakeholder Analveis, as previously desenbed, and the
shared represeniation used as @ commumication tool between the panicipants was the
stukeholder frame. This analysis investigaied the intercsted parts. distributed o four
categones: Contribution. Source, Market and Community

s Coniribution; the analysis is done starting with the identification of the inleresied parts
that have more direct influences or imerests in the information system. The
participants identified two major groups: Content Processing Team (agricultural
technicians. people responsible for data maintenance. data quality assurance people.
ete, ) and the System Development Team {analysts, programmers, eic, )

* Sourve. m this layer the prospective clients (Natonal and Intemational Governmental
Agencies, Researchers and Mational Private Companies related 1o agriculture) and
miormation providers (National Agencies - [npe-Cptec, Embrapa, Cepagri and
Intermational Agencies — UISDA, NASA) of the future system were identificd

e Maorker: in this layer prospective parners and competitors for the project were
evaluaied. involving mational and international government and private compames.
in terms of software solution.,

o Copmuriiny; in the last laver, interested parts which are indirectly inmvolved in the
process were identified; e.g. schools. financial markel. banks, several medias eic.

Activities of filling the frame were followed by the Valuation Analysis and Semiotic
Framework Analvsis. The identification of the siakeholders allowed the discussion of the
interests, expectancies, problems and questions for each one, provided by the Valuation
Analvsis, and the alignment of the main commitments and intentions with the technical
infrastructure that should be constructed. provided by the Semiotic Framework Analvsis.
Some examples of outcomes from the analysis were:

o Fafwmion Anafyvsis: the participants explored the guestions related 1o technical and non
technical issues, which should be addressed during the development; e.g.: Who
should host the site”? Who would be n charge of providing financial support for the
svstem maintenance” Who should 1ake the responsibility for the data? What kind of
information should be accessible to the clients” What are the securitv needs” Other
problems were also discussed regarding the quantity of information processed daily
and how quickly the data should be processed.
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s Semiotic Framework Analysiv: the analysis began with the definition of the main
commitments and agreements in the Social World layer: that the participants
discussed the “rights of the citizen for informstion™ and the “need of enabling access

to mformation for the agriculture sector™.

Startmp with these two pomis. the

participants discussed the needs, questions and problems relative to each layer of the
Stamper's Semmiotic ladder. which served as an infra-structure to keep the social

T =

Outcomes of the First Workshop were then compiled generating 2 documentation; data from
the tape recorder and from the poster materials were also wsed as input for the Second

Workshop.

The Second Warkshop had as input the stakeholder frame with the data organized by classes
{e.g. the prospective clients: National and lnternational Governmental Agencies. Rescanchers
amd National Private Companies related 1o agriculture) and the Collateral Frame previously
prepared by the facilitators with daia exiracted from the Firgt Workshop, The Collateral
Amnalysis (CA) allowed the partcipants to discuss issues beyond the sofiware developmeni.
malving also non technical questions about the business model to sustain the project,

resnurce needs, etc.. Table 16 shows pan of the outenmes of the Collateral Analysis.

Table 16. Fart of the Collutersl Analvsis: some examples of discussed 1ssues

Cvele

ﬁ:wripﬁ-m

Life Prédecessor

Foeal Systam

Sscoessor
Erviroamnant  Enwironment
Input

Chutpus

Former semi-gutomated process ot CEPAGR]

Ve eh-based: discussian aboul the business medel
{Ehould It darting with free acce=s?); infra-sruciure
and architecture

Tocombing weather information with images;

work flow

Ajrricaliure area; decision miakers

Diata amil images from sarellite; use of hand-held and
PS5 process of data collecting

Tutorials: visumlizanon and search tools: data and
Imases processed
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Figure 4. Outcomes of the Modeling Phase

During this Workshop. the Stakeholder and the Collateral Frames were reviewed and a First
Draft of Functional and Non-Functional Requirements was validated. Figure 3(c) shows a
snapshot of the wall in the Second Workshop. showing from the left 1o the right the
Stakeholder Frame. CA Frame and a poster with the requirements listed by category:
functional. non-functional (related to the product. the organization and the external).

Following Elicitation, Analysis & Negotiation the Modeling Phase took place, having the
outcomes of the previous Workshops as input data. During this phase. Semantic Analysis was
the core activity. producing the Ontology Chart. The Use Case Model was also constructed
from scenarios elicited from the input data. A first organization lor the contents to be
presented in the user interface of the application (the WebMaps) was also prepared. As
outcomes from the Modeling Phase we had the Ontology Chart, the Use Case Model and the
L'l Contents organized. which were used to inform the Third Workshop. Figure 4 illustrates
part of the outcomes of the Modeling Phase: an Ontology Chart with indication of the
elements associated with the Ul Content Organizer. and relation between agents in the OC
and actors in the UC.

In Figure 4 the numbers (1 to 6) indicate the mapping between the elements of the Ontology
Chart and the Ul Content Organizer: (1) WebMaps: (2) Data: (3) Search tools: (4) Help: (3)
Credits and Rights: (6) Login. The letters (7a” to ~g”) represents the mapping between the
elements of the Ontology Chart and the Use Cases: (a) To (L/n)Register users: (h) To make
Login/Logout: (¢) To consult tutorial: (d) To consult help: (¢) To delivery data: (f) To search
for data: (g) To generate visualization forms.
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The mapping among these three artifacts: Ontology Chant, Use Cases and the Ul Contents
Orrganization, were presented and discussed in the Third Workshop.

5.3.4 Discussian

[t is already agreed that a software cannot function in isolation from the organizstionsl and
socinl comtext in which it 15 embedded: thus, mslesd of emphasizing the behavior of the
woltware system as usually proposed by traditional methodologies, the Orgamzational
Semiotics methods allowed us to encompass a system level view, involving the team into
considerations aboul the formal and informal levels of a prospective use of the application.
Considering the multi-disciplinary profile of the participants in the WebMaps Project. resulis
from the praposed approach allowed us to have 1 better elicitation, modeling and analysis of
the problem domain - a Web GIS application,

Requirement Engineering usually takes place in a context of systems development to suppon
human activities and the stakeholders are people with different backprounds. As a muli-
diseiplinary and human-centered process, the participatory approach adopted. which merped
activities from the worksheps with activities carried by the designers, facilitated discussion
among the stakeholders (including customers, users and developers), leadimg to a better
understanding of the context and social implicabions of the system. Central 1o the proposed
process for RE was the communication between the stakeholders: this communication was
provided by the Organizational Semiotics artifacts, which allowed meaning negotation by a
shared representation ol the data being captured. analyzed. and discussed. The OS5 methods
showed sensitive 10 how people perccive. understand and interact in the world around then

RE &5 concerned with interpreting and understanding stakeholder terminology. concepis.
viewpoimis and geals. Thanks to the dynamic of the participatory workshops. the terminelogy
was originated from the stakeholders themselves, who expressed their ideas in the post-its,
hanging them in the frames, and discussed their viewpoints and goals with the group. Hence,
in our approach, the RE mvolved the understanding of beliefs of the stakeholders (the
informal layer of the OS5 onion). the question of what is chservable in the problem domain
(agenis, pattern of behavior, eie. ). and what is agreed as true (its ontology).

5.4 Conclusion

RE has been recognized as a entiwally important stage in any systems engineering process;
neffective RE has been one of the causes of delivered systems that do not meetl 1heir
customers’  requirements. Morcover RE is often regarded as a time-consuming and
bureaucratic process. In this paper we presented o participatory approach that covers multiple
mtertwined activities of RE. 08 provided theoretical grounding and practical techmiques for
the proposed approach to guide incremental elaboration and assessment of requirements. The
proposed approach seek to find best compromises between model expressiveness, precision
and simplicity for better analysis and betier usability of the artifacts.
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Other spproaches rom the Human-Computer Interaction feld, such as contextual approaches
and ethnographic techniques provide a rich understanding of the organizational context for a
prospective system: however these approaches do not map well onto existing techniques for
tormally modeling the desired propenties of problem domains. Results achieved so far in this
case studv. as well as in other application of the theoretical framework of Organizational
Semiotics 1o the mibrmation system design (Bonacin, 2004; Bonacin er al, 2004; Simoni and
Baranauskas. 2004} have encouraged us fo use it for bridging the gap between reguirements
eliciation and more formal specification and analvsis techmgues.
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Capitulo

Um Framework para Avaliacao de
Interfaces de Aplicacoes SIG Web

6.1 Introdugao

Sistemas de Informagdo Geogrifica (SI1G) sio sistemas automatizados usados para armazenar,
analizar e manipular dados geograficos, ou seja, dados que representam objetos e fendmenos
em gue & localizagio geogrifica € uma caracteristica inerente a informacio e indispensdvel
para analisd-la | Cimara et al., 1996).

s1Gs comportam diferentes tipos de dados e aplicagdes em virias arcas do conhecimenio.
Exempios sio olimizacio de trafego, controle cadastral. perenciamento de servicos de
utilidade publica. demoprafia. cartografia. administragio de recursos naturais. monitoramento
costeiro, controle de epidemias, planejamento urbano, etc. (Cimara et al., 1996). O usuirios
ndo estdo restritos a especialistas em um dominio especifico - cientistas. gerentes, 1écnicos.
funciondrios de administragio de diversos niveis e o publico em geral vém usando tas
sistemnas com freqiiéncia cada vez maior.

Definimes um SIG Web como um sistema que pode permitir a manipulagio a dados
geograficos atraves da Web, de acordo com dois conceitos: 316 Web propriamente ditos ¢
aphesgdes 816G Web. Uim SIG Web ¢ um zistema de software (comercial ou académico) que
permite a criagdo de aplicagdes que o usam. doravante chamadas aplicagdes SIG Web



(Schimiguel et al. 2004a), Tais aplicaches t&m por caracteristica permitir disponibilizar
visualizaches de informacio geogrifica. podendo possibilitar alguns tipos de intera¢io com
mapas, como foom, pak, ¢ consubias diversas. Essas nleragoes sio pﬁﬁsibi]imdus
independentemente de haver interacdo da ligagdo da aplicagdo S1G Web com um sistema SI1G
Web efou um banco de dados geografico em algum servidor SIG. 1sto ocorre porgue em
algumas categorias de aplicagdes SIG Web, as imagens de mapas sfo capturadas de sistemas
SIC Web e simplesmente colocadas na aplicagdo (usando comandos de linguagens come o
HTMI— Linguagem de Marcagdo de Hipertexto), configurando-se uma estrutura estatica para
¢ssas imagens. Como exemplos de 516G Web, pode-se destacar 0 MapObjects (Mapobjects,
2006) e o Mapinfo (Mapinfo, 2006); e como aplicagBes SIG Web. o da Embrapa { Embrapa,
2(id) e o da FUNCEME (FUNCEME. 2004

Para uswarios de aplicagdes SIG Web, um mapa denota a possibilidade de imeragir com o
sistema e 08 dados geograficos subjacenies, via imerfaces de usuario. Dessa maneira. om
usuario leige na area de geoprocessamento pode usufruir desses benelicios teeneldgicos com
o uso puro e simples de seu web-browser padrio (visualizador Web). Esta ¢ uma revolugho na
maneira de divelgar e selecionar a informacio georreferenciada. que podera democralizar o
acesso a esta tecnologia (Schimiguel et al., 2006).

O interesse por aplicacies SIG na Web. de forma geral vem aumentando bastante nos alimos
anos. Mo contexto agricola, estas aplicagdes representam um ferramental util para pessoas que
estejam envolvidas direta ou indiretamente em plangjamento € exploracio agricola. No Brasil.
pais em que o agronegocio vem crescendo e adguirindo enorme mmportincia no PIB. o estudo
dessas aplicacdes adguire. inclusive, relevincia econdmica O uso dessss aplicagles por
agriculicres e por profissionais que tomam decisdes nessa area podera ser uma solucio de
acesso rapido e de baixo custo. Entretanto. o acesso a informagio em was aplicagbes 516G na
Web ¢ dependente dos recursos de interacio possibilitados por suas interfaces de usuarso, O
desafio dessas interfaces é grande, dada a diversidade de usuarios que podeniam beneficiar-se
dessas aplicacGes,

Apesar da natureza especifica das interfaces de aplicagdes SIG Web, nlo se 1em
conhecimento, na licratura, da existéncia de frameworks cspecilicos para o processo de
design e avaliagdo dessas interfaces. Emendemas por framework “a supporting struchire
avonnd which somerhing can be buili”. “a syxtem of rules, ideas or beliefs that is used to plan
o decide somerhing” (Cambridge. 2006).

O DECIDE (Derermine, Choose, Identify, Decide, Evalugie) (Preece 2t al, 2002) ¢ um
framework geral para avaliagio de interface de usuario, deserito em seis passos, que visa
auxiliar avaliadores inexperientes no planejamento e na realizagio de uma avaliagio de
usahilidade, indepzndente do método de avaliagdo que se pretenda utilizar. Embora aul para
avaliadores incxperieniés, no framework proposto neste trabalho buscamos contemplar
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especificidades de aplicagdes SIO Web e pressupomos como usuirios alvo do framework
designers com alguma experiéncia em desenvolvimento de Lais gplicagbes.

Entre outros trabalbhos gue propdem frameworks geras parn design de interfaces. destacamos
0 de Makakoji (MNakakoji 1 al.. 2001). Esses autores propuseram um framewort conecitual,
ferramenias ¢ estudos empiricos, com o obplive de dar suporle nesses estagios iniciais
Segundo os autores, as tarefas envolvidas em estagios iniciais do design slo caracterizadas
por tentativa-c-ermo, exploragho, ambigiidade ¢ imprecisio, Pare melhorur o entendimento ¢ o
potencial de representagbes extemas que s3o comuns atraves de multiplos dominios de design
eles propiem um didlogo que envolve trfs tipos de participantes. Praticantes de design
trazem o sentido do que € bom ¢ o gue nic €, quais fermumentas e teenicas eles acham dteis,
etc.. Pesguisadores Empiricos trazem a habilidade de analisar, medr e balancear as
gualidades ¢ caracteristicas de ambientes de design. Canstrntores de design trazem exemplos
de ambientes computacionais inovadores gue possam estimular discussbes.

Como (Nakakoji et al., 2001 ), buscamos propor um framework para avaliagio de interfaces de
aphcagdes SIG Web, que seja Otil a essas trés categorias de participantes do processo de
design de aplicagdes S1G Web. O uso de bases semioticas justifica-se porque permite caplurar
desde aspectos de infraestruluri. até aspectos de sintaxe. a pragmatica envolvida na imerface
de usuano e prncipalmente aspecios socials.

(0 artipo estd organizado da seguinte forma: o proxima segio descreve o embassmento tedrico
urilizado: a terceira segdo apresenta a metodologia empregada; a guarta sevdo descreve o
frapmework proposto, lustrado na quinta secho, seguida por conclusbes,

Nio esid no escopo deste trabalhe uma revislio de literatura envolvendo sistemas de
informagde SIG Web ¢ interfaces.

6.2 Embasamento Teorico

Esta seclo descreve anefatos que sustentam a definigio do framework para avaliagio de
interfaces de aplicagdes SIG Web, Este framework ¢ bascado na Semidtica Organizacional
(S0) (L, 2000). A SO ¢ uma disciplina que explora o uso de signos ¢ seus efertos em
praticas sociais. Situamos nosso trabalho na escola Stamper de SO (Stamper, 1973a), que
propde um conjunio de métodos para o design de sistermas de informagio. buseade no
paradigma socio-técnico. A SO alinha o desemvolvimento técnico do sisterma de informagiio
{software) com o3 niveis formais ¢ informais de uma organizagio. lsso favorece uma visio
semidtica do design de um sistema de informagio. A S0 compreende as tarefas internas de
uma organizacdo, incluindo seus sistemas de informag@o ¢ suas interagdes com o ambiente,
objetivando encontrar novos caminhos de andlise, descrevendo e explicando s estrutura e o
comportamento da organizaglo. Desta perspectiva semiotica, diversos niveis de significado
podem ser considerados em um design de sistemas. A partir da classificaciio de Momis
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(Moms, 1946), as sintaxes. semdnticas ¢ pragmdficas, que tratam respectivaments das
estruturas. significados ¢ usos de signos. Stamper (Stamper. 1973a) adicionou outras 1rés
camadas: fisica. empirica ¢ mundo social A Tabela 17 representa as seis camadas propostas
poT Slamper.

Tabela 17. Escada Semidtica da Semiotica Organizacional {Liu, 2000)

Social Crengas, expectativas, fungdes, comprometimentos,
contratos, leis. cultura.

| Pragmatica | Intencies, comunicagies, conversagies, negociaghies

Semdntica | Sgnificado, proposighes. validade, verdade, significagio, denotacio.

[ Sintatica [ Estrutura formal, linmiagem, logica, dados, dedugiio de registros, software

| Empirica | Padries, varredade, ruido. entrapta, capacidade do canal, redundinesa, eficiéneia.

Fisica Sinars. trages, distinedes fisicas, hardware, densidade de componentes, velocidade, sconamia

Eﬂ—:ﬁﬂ—'_.ﬁ.'-lﬂaﬂﬂ:

Wa camada Fisica, um signo em uma forma fisica ¢ um fendmeno. Ele pode ser um signo em
moviments, chamado de sinal ou pode ser estatico (uma marca). As propriedades fisicas de
um signo podem ser sua forma, tamanho, contraste, intensidade. velocidade de movimento,
aceleragiio, ruido. fonte. desting, eic.. dependendo do tipo do signo.

Questdes para o estudo da camada Empirica incluem: efeitos de codificagio. medida de
entropia. otimizagdo do canal de transmissio, capacidade do camal. A informagio sob o
dngulo da camada empirica pode ser visualizada como um stream de Signos que precisam ser
transportados de um local para outro.

A comads Sintatica refere-se a regras de composigio de signos complexos a partir de signos
simples. A informagio pode ser codificads seguindo uma certa estrutura. Um signo complexo,
uma palavra, uma expressao matematica ou uma senlenga, podem ser compostos de algumas
partes mais basicas, de acordo com regras.

Quando a5 pessoas usam um signo. o fazem, num primeiro nivel, para expressar um
significado. Num proximo nivel o signo carrega uma certa imlengdo. U altimo objetivo ¢
produzir efeitos no nivel social, como obrigagdes, alterar o estado de situagdes. dentre oufras.
Desta forma. a camada Seméntica examma sentengas quanto & sua validade, significagio ¢
commespondéncia com o dominio,

No nivel da Pragmatica, o foco ¢ colocado nas intengdes entre o ate de comunicagdo ¢ a
fungdo de linguagem. As agdes da teoria de linguagem traiam do estudo de comversagbes que

crigm entendimento matuo ou comprometimento,
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() mivel do mundo Social examina o efcito que as informagies produzem. No ate de ouvir ou
ler, uma pessoa interpreia signos. resultando em mudangas ou confirmagio de alguns de seus
conhecimentos.

A maioria das metodologias de desenvolvimento de sistemas em geral enfatiza solugies
\écricas {mundo fisico. empirico e aspectos de sintaxe) ¢ o anslista perde 3 oportunidade de
entender outros niveis de informaglio, que direta ou indirctamente afetam o desien de um
sistema O uso da Escada Semidtica {Stamper. 1973a) permile-nos examinar uma organizagio
como um sistema social que é estabelecido através do use da informaglo (Simoni et al.,
2005hb)., explicitando seus niveis semidntico, pragmatico ¢ socil.

Ui comunicagiio, do ponto de vista de quern a inicia, poderd ser dita de sucesso somente se
suas mensagens forem entendidas pelo receptor, se a5 mitencdes apreendidas forem pelo
recepior € se 05 propasitos socinis foram alcan¢ados.

Seja 0 exemplo de uma comverss ielefonica; @ comunicagiio com sucesso ¢ deternunada por
fatores dos seis aspectos semidticos, No nivel fisico, o lelelons tem que ser conectado na linha
telefénica. através dos provedores de servigos telefonicos. No nivel empirico, o sinal de voz
sera convertide dentro de sinais ¢letronicos (ou otices) < tansoatide entre dois telefones
Estes dois niveis constituem & infraestrutura ecnica que serd provida pelas companhias de
telefone

Mo nivel sintdtico, as pessoas envolvidas na conversaglio ao telefone 1ém que seguir as
Mesmas regras gramaticais, isto €, @lar a mesma lingua. No nivel semantico, as palavras. os
termos técnices ¢ nie-lécnices, € as coisas referenies a conversagio precisam ser entendidos
pelos interlocutores, As sentengas ¢ os contetidos da conversagio 1ém que fazer sentido para
ambos, No nivel pragmatico, b uma inengdo (de guem chama) ¢ pode haver mensagens
subliminares. Por exemplo, suponha que a pessoa A chama uma pessoa B e diz "Eu estou
mteressado em seus produtos, mas o prego ¢ um pougquinhe alto”. A intengdo serm pedir se B
pode abaxar o prego ‘um pouguinho’. Mo nivel social comprometimenios sociais e
obrigaghes podem freqiientermente ser criados ou descartados como resuliado de uma
conversacho, Seguindo o exemplo. se B responde *Vocé term 0% de desconto se vocé
comprasse dez ou mais produlos’, B terd uma obrigaglo para dar o desconto, s¢ A compear
dez ou mais produtes.

6.3 Um framework para Avaliacao de Interfaces de
Aplicacées SIG Web

0 desenvelvimento do nosso Framework para a Avaliogdo de Interfaces de Aplicagées SIG
Weh teve sua fundamentogdo tecrico-metodologica na Escada Semitica de Stamper
(Stamper. 1973a). Para cada uma das camadas da Escada Semiotica. foram definidas
recomendagies para contribur no processo de avaliagio de imterfaces de aplicagdes Sig Web,
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Essas recomendagtes foram identificadas com base no contexte de produto - no ¢aso. o
prochato ¢ a interface de aplicagdes S1G Web (Figura | ), bem como com base no contexto de
processo de design de interfaces de aplicagdo S1G Web (Figura 2).

A Escada Semiotica foi utilizada como artefato para a organizacho das recomendagdes
identificadas, tanto no contexto de produto como no contexto de processo de design de
interfaces de aplicacio S1G Web. A escads € importanie porgue permite considerar signos de
urna aplicasio Web, desde aspectos de infra-estrutura, até aspectos sintdticos, de pragmatica e
SDCIAls.

A Figura | mostra as etapas realizadas para a avaliagio da mierface de aplicagdes SIG Web
como produte. Primeiramente. foi realizado um levantamento de vinte ¢ cinco aplicagies 516
Web. voliadas para o dominio agricola (Schimiguel et al, 2004a). Sobre esse conjunto de
aphcapdes, o1 reahizado um estudo de aspecios de interagio e de conteldo dessas aplicagdes.
Esse estudo leveu-nos a uma catcgorzagio para aphceagdes 510G Web, de acordo com aspectos
de mleracdo. Chegamos 88 seguimes caegonas. consideradas gradativamente. da menos
interativa para a mais immeratival (1) Bibliotecas e Catalogos de Dados Espaciais. (i) Seriador
de Mapas Estatice, (ili) Gerador de Mapas ¢ (iv) Browser de Mapas On-line.

Com base nos resullados dessa investigagdo (Schimiguel et al. 2004a). trés aplicagoes SIG
Web foram escolhidas para testes mais especificos: as aplicagdes Agritempo, do FUNCEME ¢
do SIMEPAR. FUNCEME ¢ SIMEPAR pertencem a categoria “Servidor de Mapas Estdtico’.
Essas sdo aplicapbes gue apresemam imagens capturadas por sensores. video-cameras.
cimeras terrestres, ou satelites. que sdo disponibilizadas atraves de arquivos estiticos (por
exemplo. arquivos JPEG ou GIF). Possuem poucas possibilidades interativas, como o zoom
sobre 0 mapa e a consulla 2 informacdes descritivas na pdgina Web. A outra aplicagio
selecionada (Agritempd) pertence & categoria ‘Gerador de Mapas®'. onde mapas podem ser
serados por espectficacdes fornecidas pelo usudrio em um formulario no web-browser. Além
de possibilidades interativas como zoom e pun, permite a consulta a dados geogrificos
associados ao mapa. possibilitando também a seleclio de nivels tematicos para visualizacio.

A categoria “Servidor de Mapas Estdtico” foi a mais freglientemente encontrada no conjunto
analisade (Schimiguel e al.. 2004a), influenciande a escolha por duas aplicagles desss
categoria. Além disso. a aplicagdo do SIMEPAR apresenia maior énfase em elementos de
conteldo. enguanto gue a aplicacdo do FINCEME apresenta mais possibilidades interativas.
comparada as outras aplicagdes levantadas. Para complementar, uma aplicagio se ocupa da
regiio Sul do Brazil (SIMEPAR), enguanto que a outra pertence d regido Nordesie
(FIINCEME I. permitindo detectar caracieristicas especificas a cada contexto. O Agritempo,
terceira escolhida, envolve todo o territorio nacional ¢ pertence a uma categoria Com mais
possibrlidades interatvas.
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Essas trés aplicagdes S1G Web passaram por uma Inspegao 150 9241 (1SO9241, 1997), uma
Inspecan de Acessibilidade (Schimiguel et al. 2005a) ¢ um Teste com Usuarios (Schimiguel
el al., 2005b: 2006).

A 150 9241 (1509241, 1997) trata de Ergonomic Reguirements for Qffice Work with Viswal
Display Terminals (Requisitos Ergondmicos para o Trakalho com Terminais de Displays
Visuaisi. Escolhemos a 1SO 9241 como um instrumento de inspegio de imerfaces de SIG.
uma vez gue permile a inspecdo de usabilidade de elementos relacionados & interfice. tais
como: & estrutura de meni, sistema de ajuda. gerenciamento de emmos. navegacdo, e, A
ABNT (ABNT, 2004} classifica a I50 2241 como relacionads & “Ergonomia de Software’
(MCT, 2004). As partes utihzadas da IS0 para a realizagio da inspegdo foram: (i) 10:
Principios de Dialogo. (). 12: Apresentagdo da Informacfo. (ifi) 13: Guia do Usudrio e (iv)
14: Menus de Didlogo. Nesta mnspecio. documentada em (Schirmguel et al. 2004b).
detectamos que a5 trés aplicacdes avalindas violam fortemente o padrio 150 9241-10, em
Principios de Dialogo. o que sugers que escas spheacdes possuem deficiéneias em fatores
relicionados @ execugdo ¢ controlabilidade da tarefa. Essas aplicapdes néo consideram
diferentes perfis de usudrios, nem suponam técnicas para faciliter o aprendizado. Além disso.
ndio provem um feedback apropriado

A Inspegio de Acessibilidade (Schimiguel et al.. 2005a) foi realizads tomando-se por base
uma avaliagdo de acessibilidade Web realizada por Melo et al (Melo et al., 2004). que
proplie: (1) uso de weh-frowsers textuais e graficos e (i) venficaglo de acessibilidade com
ferramentas semi-automaticas. Trabalhamos com estes dois métodos porque slio ficeis de usar
¢ oferecem a possibilidade de identificar aspectos que direlamente interferem na experiéncia
do wsudrio. O uso de diferentes configuragdes de webh-brovesers ¢ um dos metodos sugeridos
pela W3C (W3C, 2005b), para identificar clementos gue interferem dirctamente na interagio
¢ na acessibilidade & informagio.

() Estudo de Caso com Usuanos (Schimiguel et al,, 2005b. 2006) envolveu um experimenio
de usahilidade em laboratorio. com usuarios prospectivos. scguidos de uma atividade de
discussdo coletiva. Participaram do leste guatro usuarios com perfis diversos de formagio,
incluindo 4s dreas de Informética ¢ Agricultura; um Administrador de Banco de Dados, um
Amalista de Sistemas, um Engenheiro Agromomo e um Engenheiro Civil com especializagio
em Geoprecessamento, todes trabalbando no dominio agricela. A eles foi proposta a tarefa de
“buscar por informacies mapas sobre a previsdo de tempo para o més de maio do ano
carrente”, As aplicagdes SIG Web utilizadas, Agritempo. da FIINCEME e do SIMEPAR
permititam a realizag®o da tarefa de busca pela previsBo de tempo para os estados de 530
Pauvlo, Ceard e Parana, Utilizamos diagramas de seqiéncia da UML (Unified Modeling
Larguage) para represeniar e organizar a andlise das interagbes dos usuarios com as
apleagdes via interface.
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) estudo indicou gue especialistas no dominio em mas facilidade de uso dessas aplicactes, o
que sugere serem eles os usudrios implicitos desses hpos de aplicagies na Web, O
vocabulario usado parece néo ser adequado para usudrios ocasionais ¢ tarefas de mieresse no
cotidiano das pessoas. Os resultados mostraram que palavras come ‘clima’ ¢ ‘tempo” podem
confundir usuarios ocasionais, que podem lomar esses dois termos como sINdnRIMEs.
Mostraram também gue o acesso 8 um Tutorial, associado as aplicagdes S1G Web, poderia
ajudar na execucdo da tarefa, Mapas do sife costumam ser (ieis na onentagio da navegacio
do usuario. Das trés aplicagdes avaliadas. a dnica que possuia um mapa de site € o Agntempo.
embora esse recurso parece nao ter sido percebide pelos sujeitos do teste. Ainda. constatou-se
que usuarios diferentes 1&m estilos distintos de interagio: alguns se sulam por imagens.
enquanto outros buscam fimks textuals, ou scja. as duas formas de navegagde devem ser
providas (Schimiguel et al.. 2005b: 2006).

A avaliagio do processo foi conduzida durante a elicitagio de requisilos de uma aplicagio
SIG Web - o0 WebMaps, em desenvolvimento no [C-UINICAMP. Lnilizamos os métodos
MEASUR (Metheds for Eliciting. Analyzing amd Specifving User Requiremenis — Métodos
para Llicitacdo, Andlise ¢ Especificagio de Requisitos de Usudrios), da SO (L, 2000).
Foram realizados 1rés workshops de trés horas de duracio cada, conduzidos por facilitadores
com 08 stateholders em um formato participativo. Panticiparam dos workshops 17 pessoas de
diferentes backgrounds ¢ campos do conhecimento, incluindo processamento de imagens,
bancos de dados, peoprocessamento. estudos agro-ambientais. especialisias em nleragho
humano-computador, usuarios represemativos e desenvolvedores de sistemas de sofware.
Virios artefatos da SO foram utibzados como ferramentas de comunicacdo entre 0%
participantes durante os Workshops ( Baranauskas et al., 2003)
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b.4 Recomendacoes definidas no Framework

A Escada Semidtxa forneceu as bases para o definicdo do framework proposto neste
trabalho, Ma Tabela 18 a seouwir. representamos em cadn uma das camodas do escada
semiotica algumas das recomendagdes identificadas. a origem da recomendagdo e a sun
descricic. Para cada camada. ilustramos com um exemplo de recomendacio, no dominio de
S Web,

Tubela 18. Camadis do Framework, com ilustriago de algomas recomindsg des
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6.5 Conclusoes

Prohssionais de peoprocessamento muilas vezes defendem a idéia de gue um sistema
gecprafico deve usar o mapa como elemento principal de significagio. Desenvolvedores de
aplicaches geograficas ainda nfo se deram conta completamenie de que os recursos
computacionais oferecem muito mais subsidios (e 30 mesme lempoe desafios) para o
representacio da informagdo geografica, O uso dessas aphicagdes. cada ver mans variado
vin Web. exige novas l[ormas de tratar ¢ representar a informagio

Meste trabalho propusemos um fromework para avahagiio de interfaces de aplicagtes SIG
Weh. considerando-s¢ estudos realizados anto no comexto de avaliacio de imerface dessas
aplicagtes enguanto produln, quanto no contexto de processo de desien de interface de tais
aplicactes. Sob essas duas facetas, foram identificadas recomendagdes gue organizamos em
um framewark de seordo com 3 escada semidticn da S0,

Mo contextn de processo de design de intertces de aplicagdies SIG Weh, escolhemos o
MEASUR. da SO. porque ele possui artelatos que contribuem com o processo de elicitacio
de cequisitos. particularmente relacionados oo mundo social. como fawwres culturais, socie-
econdmicos, encos. leqislagio. ou normmiivos,
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No contexto de avaliagio de produto de interface de aplicagdes SIG Weh, escolhemos
técnicas de Inspecio baseadas na 150 9241, em recomendaches de Acessihilidade & Teste
com Usudnios. Optamos pela 1S0O 9241 porque ela trata interface humano-computador em
oite de seus dezessete cadernos, A inspegdo de acessibilidade permite verificarmos o uso de
interfaces por pessoas com deficiéncia. o que representa uma quebra de paradigma quando
s¢ traia do uso em aplicagbes geogrificas. O teste com wsudrios permite avaliarmos o uso
de aplicagbes SIG Web, considerando-se usudrios reais. tanto pessoas da gres de
desenvolvimento (como analistas de sistemnas e administradores de banco de dados), como
pessoas de outros dominies que usam esses sistemas, como engenheiros civis e agronomos.

Comao trabalhos futuros, almejamos o refinamento das recomendagdes identificadas, através
de seu uso no desenvolvimento de um prottipo de imerface de aplicacio SIG. denominado
WebMaps. Outro tema futuro ¢ uma sistematica baseads nas recomendagdes propostas,
para o design ¢ avaliscio no contexto de processo de desenvolvimento de interfuces de
aphicagdes SIG Web.
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Capitulo

Conclusoes e Trabalhos Futuros

Apesar de serem sistemas funcionalmente poderosos. os 516G pressupdem conhecimento do
wsuario de aspectos especificos dessa tecnologia de informagio, impedinde sua utilizacio
por um grupo mais diversificado de profissionas. Mesme com os avancos em modelagem
de dados. o design da mterface de 831G ainda representa um ponto crucial na sceitacio ou
rejeigio do sistema { Cdmara et al, 1999,

Meste trabalho, propusemos a definiclio de um framewort de bases semidlicas para
avaliagio de interfaces de aplicuq-ﬁ-M em Sistemas de Informagdo [ieugiﬁﬁuﬂ. fid Web (SIG
Web), As camadas desse framework tiveram recomendactes definidas a pantir de varas
analises ¢ inspegies de interface que foram feitas usando-se métodos ¢ materiais
mp{:n:iﬁm& como Inspecio baseada na 150 924], Inspecio de Acessibilidade e estudo de
CAS0 COM USLATIOS,

() interesse por aplicacdes 510G na Web vem aumentando bastanmte nos ultimos anos. No
contextn de aplicaches agricolas, existe uma importancia significativa. pelo fato destas
aplicagies funcionarem como um ferramental 0l para pessoas que estejam envolvidas
direta ou indiretamente em plinejaments ¢ exploragio agricola. No Brasil, sonde o agro-
negicio vem crescendo e adquirindo enorme importinciz no PIB. o estudo destas
aplicactes adquire, inclusive, relevancia econtmica. O uso dessas aplicagbes na Web por
agriculiores e por profissionais que tomam déecisfes nessa area podera ser uma solugio de
acesso simples ¢ rapido. ¢ de haixe custo. Entretanto, o scesen &g aplicacies SIG na Web
depende dos recursos de interagdo possibilitados pelas interfaces dessas aplicagbes. O



desafio desses sistemas € grande, dada a diversidade de usuarios que podem benehiciar-se
dales,

Com base no cenario do dominio agricela, iniciames imvestizando diferentes sisteimas de
informagdo na web. Considerando aspectos de interagfio possibilitados pelos sistemas
levantados. criamos uma categorizacip para aplicacoes SIG Web em guatro niveis.
conforme visto no Capitule 1.

Mo passo seguinte de pesquisa, selecionamos trés aplicagbes do comjunto imicial, para uma
analise mais aprofundada Essas aplicaches passaram a integrar a seqleéncia de
investigacies que onginou o framewsrk. A seguir destacamos alguns aspectos do conjunto
de métodos ¢ materiais utilizados no contexto de avalingdo do produto interface de usudrio
de tais aplicagtes.

O wso de alpumas partes da IS0 9241 para inspecio de aplicagdes 51G Web mostrou-se
efétivo, dados os indmeros aspectos positivos @ negativos captados.  Entretanto, tanto a
avaliagio de aphcagdes Web em peral quanto aplicagdes SIG Webh em particular,
necessitam critérios ¢ regras adicionais. No dominio em estudo, por exemplo. alzumas
normas pecessitariam ser estendidas ou adaptadas para se inspecionar aspectos relevantes
desse dominio como. por exemplo. zoom semantico. animacio em mapas. consullas sobre
informacdo descritiva relacionada a mapas. [Um trabalho futuro poderia envolver o estude
da adeguabilidade de outros padrbes. comp por exempls. a S0 9126 - Information
Technology — Software Product Evaluation, Quality characteristics and guidelines for their
usc.

Aplicagies Web tém ulimamente tentado oferecer maior flexibilidade & interacio
possibilitada pelas interfaces de usoario. No caso de aplicagdes S1G Web essa questio se
torna ainda mais relevante, devido & natureza extremamente visual de tais aplicacdes, Com
a inspecin de acessibilidade. detectzmos que ha varas questdes de acessibilidade
negligenciadas, relacionadas dentre outras 4 represemtagio da informagio geografica, a
estruturagio das paginas e distribuicdo da informagio em geral. A qualidade de uma
aplicagio S1IG Web. entendida como adequacio ao uso. estd diwetamente relacionada 2
apresentagiio ¢ representagdo da mformagdo geogrifica para o usuario. O acesso a essa
informagdo nio deve ser restrito & visualizacio da imagem de um mapa ou grafico; outros
artefatos devem ser disponibilizados para alcangarmos calegorias mais diversificadas de

LSLEAT IS,

O estedo de caso com usudrios permitiv observar elementos importantes para a avaliagdo
de interfaces de aplicagbes SIG Web, que possivelmente ndo seriam deteclados sem o
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envolvimento de usudrios na avaliago. Verificamos que interfaces de aplicacdes SIG Web
precsam ser adaptadas & midia da Web  Isso implica em soluches de design de imerface
que deéem conta da diversidade de uses ¢ perfis dos usudrios na Inlernet. A questio do
vocabulario revelou-se imporiante medida em que. especialmente no dominio de
aplicagio considerado, viris expressdes que no cotidiano das pessoas sio usadas como
sindnimos, tém significados especifices quando considerados do ponto de vista téenico; por
exemplo “clima” ¢ “tempo”,

Este trabalho entende que a avaliacio € parte integral do processo de design de interfaces
de usuano. Sendo assim. o uso do framework proposto na fese ¢ situado num processo de
design de interfaces de aplicagdes SIG Web. No escopo deste trabalbo mostramos parie
desse processo, com 8 engenharia de requisitos para o sistema WebMaps.  Através do
método MEASUR, da Sermdticd Organizacional. pudemos capturar requisitos imponantes,
que serinm de dificil identificagio, se adotadas outras técnicas, principalmente réquisitos
relacionados s camadas semdntica. pragmitica e social. relacionadas ao fator "humano’ em
sistemas de informagdo. A panicipagdo de todas as partes envolvidas no processo nos s
wokshops realizados sobre o WebMaps contribuiu para & identificacdo clara, objetiva
consensual dos requisitos.

Finalmente, o frameweork proposto neste trahalho for organizado sepumdo a Escada
Semidtica de Stamper (1973a), que consideram tanios os aspecios fisicos quando os
aspectos bumanos emvolvidos em sistémas de informacio tomados no sentide lato.
Propusemos recomendagdes para cada um dos seis degraus da Escada Semidtica. Tais
recomendagbes foram obtidas ¢ simetizadas dos trabalhos de avaliagdo e engenharia de
requisitos realizados.

Derivados das contribuigées deste trabalho pudemos, ainda

o Realizar um levamamento de aplicagbes SIG Web no dominio sgricola, com a
realizagido de uma analise de aspectos de interagdo ¢ de contedde de suas interfaces:

o  Propor a “scessibilidade” como elemento de quatidade imiportanie no design e avaliagio
dessas aplicagdes e reconhecé-la como um dos grandes desafios nesse domunio, dada a
natureza visual das representacles em aphcagdes S1G;

= Verificar que um instrumento de avaliagdo sozinho ndo da conta da complexidade que
se tem em interfaces, especialmente no contexto de aplicagtes S1G Web:
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* Verificar a efetividade do uso do referencial tedrico-metodologico da Semidtica
Organizacional na engenharia de requisitos para uma aplicagio SIG Web & na
orieniacio do framework proposio.

Mo proprio dominio de informacho geografica, pode-se investigar o uso de diferenies
codigos que remomam da cartografia, por exemplo. 0 uso de cores. A transformagio visual
para a midia Web certamente demandara em novos meios de expressar informagio
gengrafica. Como trabalhos fuluros, pode-se mvestigar o uso do frameweork em outros
dominios de aplicagdo na Web, por exemplo. aplicaches de governo eletrdnico. onde a
diversidade de usuarios ¢ contextos de uso € muito grande. Entre as disciplinas cnvolvidas
neste frabalho, vale a pena tambem alinhar a proposa do famework a conceitos e
arquieturas de engenharia de software.

Como visto no Capitulo 5. a andlise de requisitos do WebMaps foi direcionada pelo
MEASUE. Como outra extenso. o framework ji pode ser aplicado ao estagio atual de
desenvolvimento do WebMaps, realimentando solugdes de design das proximas iteragdes
do sisiema. 0 uso do framework no processo iterative de design nio elimina a necessidade
de reses com uswdrios.  Entretanto, acreditamos gue a aproximacdo da sclugdo mais
adequada possa ser agilizada com a utilizagio do framework, Um trabalho FRiturc
mnleressante seria contrapor resultados do uso do framework na avaliscdo de um protétipo
do WebMaps com reseliados de seu (este com uswrios (provenienles de cooperativas
grupos de interesse em géoprocessamento),
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